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ABSTRACT
Introduction and aim. In real life, metastatic castration-resistant prostate cancer patients (mCRPC) had more complex clinical 
presentation than patients in the COU-AA-302 trial. This study primarily aimed to describe the overall survival of chemothera-
py-naive mCRPC treated with abiraterone acetate plus prednisone (AAP). Other relevant outcomes and baseline characteristics 
of these patients were also evaluated. 
Material and methods. This retrospective, observational study collected data from chemotherapy-naive mCRPC patients treated 
with AAP in Vietnam. Kaplan-Meier curves were used to estimate time to treatment failure (TTF), and overall survival (OS). The im-
pact of baseline characteristics on OS was explored using univariate and multivariate Cox proportional hazard models. 
Results. Data from 65 eligible patients were analyzed. The rate of PSA response was 73.8%, median PSA PFS was 10.5 months 
(95% CI: 7.4–13.6), median TTF was 15 months (95% CI: 11.1–18.9), and median OS was 24.9 months (95% CI: 18.9–30.9). Shorter 
OS was significantly associated with a higher Gleason score (≥8), shorter time from ADT start to mCRPC (<12 months), visceral 
metastases, and <50% PSA decline (p<0.05). 
Conclusion. Abiraterone acetate plus prednisone is well tolerated and effective for chemotherapy-naive mCRPC patients in 
clinical practice. Moreover, Gleason score, visceral metastasis, time from ADT start to mCRPC, and PSA response are the inde-
pendent indicators for predicting the OS of mCRPC patients in both univariate and multivariate analyses.
Keywords. abiraterone acetate, metastatic castration-resistant prostate cancer, overall survival, real-world evidence
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Introduction
Prostate cancer (PCa) is one of the most common can-
cers in males, especially in developed countries. Ac-
cording to the estimates from GLOBOCAN 2020, PCa 

ranks second in terms of the number of new cases with 
1,414,259, and fifth in terms of mortality with 375,304 
cases.1 In Vietnam, PCa ranks fifth in the incidence rate 
and seventh in mortality with 6,248 new cases and 2,628 

https://creativecommons.org/licenses/by/4.0/
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deaths reported in 2020.1 In the United States, where 
PCa screening with PSA (prostate-specific antigen) and 
prostate biopsy is well-implemented, the rate of stage IV 
PCa is only 8%.2,3 Therefore, for all stages combined, the 
5-year relative survival rate for prostate cancer is 98%.2,3 

However, the rate of patients with stage IV prostate can-
cer in Vietnam is stated to be over 75%. This significant-
ly compromises the overall prognosis of prostate cancer 
patients and amplifies the financial burden associated 
with treatment.

For nearly eight decades, androgen deprivation 
therapy (ADT) has served as the cornerstone of sys-
temic treatment for men with metastatic prostate can-
cer. The antitumor effects of ADT improve quality of life 
by reducing bone pain and complication rates. Howev-
er, following a median of 18–24 months of ADT, almost 
all patients progressed to mCRPC. A phase III pivotal 
study of chemotherapy-naïve mCRPC patients (COU-
AA-302) demonstrated improvements in median radio-
graphic progression-free survival (rPFS) from 8 to 16 
months and the median overall survival (OS) from 30.3 
to 34.7 months with AAP as compared with prednisone 
plus placebo.4 However, in real life, mCRPC patients had 
more complex clinical presentation than those patients 
in the COU- AA-302 trial. The majority of mCRPC pa-
tients treated in clinical practice are elderly and have 
poor ECOG PS, and comorbidities such as cardiovas-
cular disease, hypertension, and diabetes mellitus are 
thus common. Such patients along with those with vis-
ceral metastases may be under-represented in RCTs of 
mCRPC. Especially in Vietnam, mCRPC patients often 
have severe clinical symptoms and poor medical care 
conditions. Therefore, the outcome of mCRPC patients 
is often poor. 

Aim
The main objective of this retrospective observation-
al study was to add to the body of knowledge related 
to AAP by primarily describing the OS of chemothera-
py-naïve mCRPC patients treated with AAP in routine 
clinical practice in Vietnam.

Material and methods	
Study design and eligibility
This was a retrospective, observational cohort study 
conducted at Vietnam National Cancer Hospital from 
January 2014 to May 2023. The data collection period 
for each patient ranged from the initial date of prostate 
cancer diagnosis up to the date of data collection. The 
start of AAP treatment was considered as the baseline. 
Data from eligible patients treated with AAP were ex-
tracted from their medical records and entered into elec-
tronic case report forms. Patients were eligible if they 
had documented mCRPC and had received AAP for the 
treatment of mCRPC, were naive to chemotherapy, had 

an Eastern Cooperative Oncology Group (ECOG) per-
formance status grade of 0 to 3, and hematological and 
chemical laboratory values that met predefined. Patients 
were excluded if they had received any chemotherapy or 
cytotoxic agent for the treatment of mCRPC or novel 
hormonal therapies before initiation of AAP, had short 
survival time (older people with many co-morbidities), 
and had second cancer.

All objects of the protocol in this study was ap-
proved by the Science and Ethical Committee of Ha-
noi Medical University, Vietnam as number: 6811/
QD-DHYHN. Written informed consent was applied to 
all patients before enrolling them in the study. Patients 
could withdraw from the study at any time without any 
threats or disadvantages and for no stated reasons.

Data collection and outcomes of interest
Patient characteristics at the time of AAP treatment ini-
tiation were collected. These factors included age, co-
morbidities, Gleason score, the time from ADT start to 
abiraterone, initial diagnosis, Eastern Cooperative On-
cology Group Performance Status (ECOG-PS), the Brief 
Pain Inventory – Short Form (BPI – SF), location of me-
tastases, prostate-specific antigen [PSA], hemoglobin.

The main endpoint of the study was overall surviv-
al (OS) with AAP. OS was defined as the time from the 
start of AAP treatment to treatment death for any rea-
son. The secondary endpoint of the study was the time 
to treatment failure with AAP. Time to treatment fail-
ure (TTF) was defined as the time to treatment until 2 
out of 3 progression factors were biochemical, imaging, 
and clinical progression and was considered equivalent 
to the duration of treatment.

Statistical analysis
All patients who met the eligibility criteria were includ-
ed in the data set for analysis by SPSS 20.0 statistical 
software. The objective of the study was primarily de-
scriptive, and most of the outcomes were analyzed using 
descriptive statistics (for categorical variables number 
and percentage of patients per response option, based 
on non-missing data; for continuous variables, the me-
dian and the inter-quartile range [IQR] are reported).

Time-to-event endpoints were analyzed using Ka-
plan-Meier survival plots. For all time-to-event end-
points, patients who had not experienced the event of 
interest at the time of data collection were censored. 
The impact of covariates on OS was explored using 
univariate and multivariate Cox proportional hazard 
models.

Results
From January 2014 to May 2023 in Vietnam National 
Cancer Hospital, a total of 65 patients were recruited in 
the study. At the time of data collection after three years 
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of treatment, 63 patients (96.9%) discontinued AAP, and 
51 patients (78.5%) died. After treatment failure with 
AAP, 40 patients (61.5%) received second-line therapy 
with docetaxel, and 10 patients (15.4%) received third-
line therapy with enzalutamide. The majority of patients 
(86.4%) were treated with an anti-osteoporotic drug 
(zoledronic acid or denosumab).

Table 1 shows the patients’ baseline clinical and par-
aclinical features. The median age of patients at mCRPC 
diagnosis was 70 (IQR: 64–76), the rate of patients who 
had comorbidities was 43.1% which cardiovascular dis-
ease accounted for 35.4%, and Gleason scores ≥8 was 
78.5%. The rate of patients de novo was 75.4%, and the 
median time from ADT to mCRPC was 16.0 months 
(IQR: 11–23). Patients had ECOG PS status ≥2 was 
24.6%, and pain symptoms of BPS-SF >3 was 36.9%. 
The rates of bone, lymph node, and visceral metasta-
sis were 87.7%, 38.5%, and 16.9%. The median PSA was 
34.7 ng/ml (IQR: 13–106.8), and the median hemoglo-
bin was 126 g/l (IQR: 116–132).

Table 1. Patient characteristics with mCRPC
n (%)

Median age (IQR) 70 (64–76)

Comorbidities n (%) 28 (43.1)

Cardiovascular disorders 23 (35.4)

Metabolic disorders 6 (9.2)

Other disorders 4 (6.2)

Gleason score n (%)

<8 14 (21.5)

≥8 51 (78.5)

Diagnosis n (%)

Recurrent 16 (24.6)

De novo 49 (75.4)

Time from ADT start to abiraterone (months), median (IQR) 16 (11–23)

ECOG PS n (%)

0 18 (27.7)

1 31 (47.7)

≥2 16 (24.6)

BPI – SF n (%)

BPI-SF 0–3 41 (63.1)

BPI-SF >3 24 (36.9)

Location of metastases n (%)

Bone 57 (87.7)

Non-regional lymph nodes 25 (38.5)

Viscera 11 (16.9)

Median PSA (IQR) 34.7 (13–106.8)

Median hemoglobin (IQR) 126 (116–132)

The median duration of treatment was 15 months 
(IQR: 8–19.8). The rate of PSA response was 73.8%, me-
dian PSA OS was 10.5 months (95% CI: 7.4–13.6), me-
dian TTF was 15 months (95% CI: 11.1–18.9) (Fig. 1A), 
and median OS was 24.9 months (95% CI: 18.9–30.9) 
(Fig. 1B). However, the median overall survival between 
subgroups was heterogeneous. 

Fig 1. A: Time to treatment failure, B: overall survival during 
abiraterone treatment

The Kaplan-Meier analysis revealed significant-
ly longer median OS for various factors: age <70 ver-
sus age ≥70 (30.7 vs 16.1 months) (Fig. 2A), ECOG 
PS 0-1 versus ECOG PS 2-3 (27.6 vs 11.8 months) 
(Fig. 2B), BPI-SF ≤3 versus BPI-SF >3 (29.5 vs 14.2 
months) (Fig. 2C), Gleason score <8 versus Gleason 
score ≥8 (32.6 vs 19 months) (Fig. 2D), PSA ≤80 ng/
ml (26.7 vs 12.8 months) (Fig. 2E), absence of vis-
ceral metastases versus presence of visceral metasta-
ses (27.6 vs 10.3 months) (Fig. 2F), “recurrent” status 
versus de novo status (29.2 vs 17.7 months) (Fig. 2G),  
time from ADT start to mCRPC ≥12 months versus 
time from ADT start to mCRPC <12 months (29.2 vs 
12.7 months) (Fig. 2H), and PSA response with venous 
PSA response versus without PSA response (29.2 vs 9.1 
months) (Fig. 2I).

In univariate analysis of the relationship between 
clinical characteristics at initiation and OS, higher age 
(≥70), higher ECOG PS (≥2), higher Gleason score (≥8), 
or higher BPI-SF (>3), or higher PSA (>80), or visceral 
metastases, de novo, or shorter time from ADT start to 
mCRPC (<12 months), and <50% PSA decline were all 
associated with shorter time to OS with AAP (p<0.05). 
However, in the multivariate analysis, only a high-
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Fig. 2. Kaplan-Meier assessing the relationship between baseline characteristics and OS

er Gleason score (≥8), shorter time from ADT start to 
mCRPC (<12 months), visceral metastases, and <50% 
PSA decline were associated with shorter time to OS 
(Table 2).

During treatment with AAP, the most common 
symptoms were edema (23.1%), hypokalemia (15.4%), 
hypertension (10.7%), elevation of AST/ALT enzymes 
(7.7%), and hyperglycemia (7.7%). The majority of pa-
tients had mild to moderate adverse events, without pa-
tients had to discontinue the treatment due to adverse 
events of AAP.

Discussion
In the COU-AA-302 trial by Ryan et al. 1088 patients 
had asymptomatic or mildly symptomatic, ECOG PS 
0-1, no visceral metastasis, no cardiovascular disease, 
and chemotherapy-naive prostate cancer.4 The results 
showed that median overall survival was significantly 
longer in the abiraterone acetate group than in the pla-
cebo group (34.7 months vs. 30.3 months).4 However, 

clinical practice shows that at the time of initial mCRPC 
diagnosis, patients have heterogeneous characteris-
tics. Our sample has more complex characteristics than 
the COU-AA-302 trial. The median age was 70 (IQR: 
64–76), cardiovascular disease was 35.4%, de novo was 
75.4%, Gleason score ≥8 was 78.5%, and ECOG PS ≥2 
was 24.6%. The rate of patients who had symptoms of 
pain BPS-SF >3 was 36.9% and visceral metastasis was 
16.9%. The median PSA was 34.7 ng/ml (IQR: 13–
106.8), and the median hemoglobin was 126.0 g/l (IQR: 
116–132). In our study, PSA response was 73.8% higher 
than the COU-AA-302 trial (62%) but the median bio-
chemical PFS was 10.5 months (95% CI: 7.4–13.6) lower 
than COU-AA-302 trial (11.1 months).

Prostate Cancer Clinical Trials Working Group 3 
(PCWG3) evaluates the progression of bone metastases 
on bone scintigraphy according to the 2+2 rule.5 How-
ever, in Vietnam, clinical practice conditions are often 
inadequate to assess bone metastases. In addition, the 
results of the COU-AA-302 trial by Rao et al. showed 



266 European Journal of Clinical and Experimental Medicine 2024; 22 (2): 262–269

that a substantial proportion (38%) of patients discon-
tinued treatment for non-radiographic progression.6 
Therefore, in our study, we evaluated the time to treat-
ment failure. The median time to treatment failure with 
AAP in our sample was 15 months (95% CI: 11.1–18.9), 
which was longer than the treatment duration of 13.8 
months seen in the phase III COU-AA-302 trial by Ryan 
et al. and in other real-world studies by Pilon et al. and 
Boegemann et al. (6.8 and 10 months, respectively).4,7,8

Table 2. Univariate and multivariate analysis (Cox 
regression models) assessing the relationship 
between baseline characteristics and OS

n (%)
Univariate

HR (95% CI), p
Multivariate

HR (95% CI), p

Age

<70 33 (50.2)

≥70 32 (49.8) 2.595 (1.466–4.595) 1.253 (0.629–2.494)

p=0.001 p=0.512

PS

0–1 49 (75.4)

2–3 16 (24.6) 2.764 (1.465–5.216) 1.707 (0.775–3.736)

p=0.002 p=0.715

Gleason

<8 14 (21.5)

≥8 51 (78.5) 2.506 (1.209–5.197) 3.136 (1.373–7.136)

p=0.014 p=0.007

 BPI–SF

≤3 41 (63.1)

>3 24 (36.9) 3.118 (1.817–5.701) 1.067 (0.522–2.184)

p<0.001 p=0.858

PSA

≤80 46 (70.1)

>80 19 (29.9) 1.999 (1.097–3.642) 1.957 (0.906–4.227)

p=0.024 p=0.88

Visceral 
metastases

No 54 (83.1)

Yes 11 (16.9) 3.355 (1.650–6.842) 2.735 (1.09–6.593)

p=0.001 p=0.032

Diagnosis

Recurrent 16 (24.6)

De novo 49 (75.4) 1.297 (0.689–2.440) 0.439 (0.217–1.123)

p=0.412 p=0.092

Time from ADT 
start to mCRPC

≥12 months 48 (73.8)

<12 months 17 (26.2) 7.746 (3.728–16.098) 3.883 (1.556–9.441)

p<0.001 p=0.003

PSA
response 

Yes 48 (73.8)

No 17 (26.2) 11.002 (5.063–23.909) 6.425 (2.115–19.520)

p<0.001 p=0.001

In the COU-AA-302 trial by Bjartell et al. 67% of 
patients after failure of AAP continued on second-line 
therapy, which was mainly docetaxel (48%) and third-
line therapy was 36%.9 The results showed that patients 
who received docetaxel second-line therapy improved 
prognosis compared with patients who received symp-
tomatic treatment. In our study, after the failure of AAP, 
40 patients (61.5%) received second-line therapy with 
docetaxel and 10 patients (15.4%) received third-line 
therapy with enzalutamide. The results showed that the 
median OS of 24.9 months (95% CI: 18.9–30.9) was 
similar to other real-world studies by Bjartell et al. and 
George et al. (27.1 months and 23.7 months, respective-

ly) but shorter than the median OS of 34.7 months seen 
in the COU-AA-302 trial by Ryan et al.4,9,10

The results of the COU-AA 302 trial by Ryan et al. 
and real-world studies by Chen et al. and Valero et al. 
have indicated that the characteristics of patients at the 
time of initial mCRPC diagnosis, including age, Glea-
son score, ECOG performance status score, presence 
of visceral metastases, baseline PSA, hemoglobin, alka-
line phosphatase, and PSA response, serve as significant 
prognostic factors for overall survival.4,11,12 In our study, 
univariate analysis of the relationship between clinical 
characteristics at initiation and OS, higher age (≥70), 
or higher ECOG PS (≥2), or higher Gleason score (≥8), 
or higher BPI-SF (>3), or higher PSA (>80), or visceral 
metastases, de novo, or shorter time from ADT start to 
mCRPC (<12 months), and <50% PSA decline were all 
associated with shorter time to OS with AAP (p<0.05). 
However, in the multivariate analysis, only a high-
er Gleason score (≥8), shorter time from ADT start to 
mCRPC (<12 months), visceral metastases, and <50% 
PSA decline were associated with shorter time to OS.

The public health burden of prostate cancer treat-
ment in elderly patients is anticipated to increase in the 
coming decades. Elderly patients often present with poor 
ECOG PS and numerous co-morbidities. Consequently, 
the effectiveness of treatment tends to be reduced com-
pared to younger patients. However, many studies also 
showed that young patients often have more aggressive 
histological and molecular features than elderly patients. 
The study of Humphreys et al. involving 333 CRPC pa-
tients treated over 10 years, of age (>75) and (<55) at the 
time of initial prostate cancer diagnosis is associated with 
a statistically significant shorter OS.13 In our study, the 
median OS of the subgroup of patients with age <70 was 
statistically significantly longer than the subgroup of pa-
tients with age ≥70 (30.7 months, 95%CI: 25.3–36.1 vs 
16.1 months, 95%CI: 13.3–18.9; p=0.001).

Besides age, ECOG PS is an important factor in 
choosing therapy and has a great influence on treatment 
outcomes. Results from the COU-AA 302 trial by Ryan 
et al. showed that the subgroup of patients with PS 0 had 
statistically significantly higher OS than the subgroup of 
patients with PS 1.4 In addition, the study of Chen et al. 
shows that patients with poor ECOG PS (PS 2-3) had 
statistically significantly lower OS than patients with 
good ECOG PS.11 In our study, 24.6% of patients had 
poor ECOG PS (PS 2-3). The results indicated that the 
median overall survival of the subgroup with ECOG PS 
0-1 was significantly longer than that of the subgroup 
with ECOG PS 2-3 (27.6 months, 95% CI: 22.9–32.3 vs. 
11.8 months, 95% CI: 6.9–16.7; p=0.002).

The Gleason score is assessed based on the histopa-
thology of prostate tumor biopsies, relying on the struc-
tural features of cancer cells and closely correlating with 
the patient’s clinical characteristics. The Gleason sub-
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type bears a strong relationship with the degree of clin-
ical presentation, malignancy, time to progression, and 
survival of prostate cancer patients. In a study by Valero 
et al. involving 314 CRPC patients, the subgroup with a 
GS <8 exhibited significantly longer overall survival than 
the subgroup with a GS ≥8 (45 months vs. 34 months, 
p=0.009).12 The results from our study demonstrated that 
the median overall survival of the subgroup with a Glea-
son score < 8 was notably longer than that of the sub-
group with a Gleason score ≥ 8 (32.6 months, 95%CI: 
27.1-38.1 vs. 19.0 months, 95%CI: 11.1–26.9; p=0.014).

Bone pain is one of the most common symptoms 
in mCRPC patients, greatly impacting their quality of 
life and treatment outcomes. Numerous studies consis-
tently demonstrate that the extent of bone pain at the 
time of initial mCRPC diagnosis serves as a predictor 
of overall survival. In the study conducted by Fizazi et 
al. the subgroup of patients reporting no or mild bone 
pain exhibited significantly longer overall survival com-
pared to the subgroup experiencing moderate to severe 
pain (p<0.001).14 The results in our study showed that 
the median OS of the subgroup of patients with BPI-
SF ≤3 was statistically significantly higher than the sub-
group of patients with BPI-SF >3 (29.5 months, 95%CI: 
25.9–33.1 vs 14.2 months, 95%CI: 12–16.3; p<0.001).

PSA is a valuable marker for screening, diagnosis, 
monitoring, and prognosis of prostate cancer. Patients 
with high PSA often have a worse prognosis than pa-
tients with low PSA. The study of Valero et al. showed 
that the subgroup of patients with PSA at the time of 
initial diagnosis mCRPC <50 ng/ml had statistically sig-
nificantly longer OS than the subgroup of patients with 
PSA ≥50 (36 months vs. 24 months, p=0.008).12 The re-
sults in our study showed that the median OS of the 
subgroup of patients with PSA ≤80 was statistically sig-
nificantly higher than the subgroup of patients with PSA 
>80 (26.7 months, 95%CI: 22.6-30.9 vs 12.8 months, 
95%CI: 10.1–15.5; p=0.024).

In our study, the rates of bone, lymph node, and 
visceral metastasis were 87.7%, 38.5%, and 16.9%. The 
results of many studies show that the site of metasta-
sis prostate cancer is a prognosis factor for overall sur-
vival. The study of Mazzone et al. showed that patients 
with metastases involving only lymph nodes had supe-
rior survival compared to those with bone metastases 
only, or visceral metastases only and that harboring a 
combination of these sites at diagnosis was associated 
with poorer survival.15 The results in our study showed 
that the median OS of the subgroup of patients without 
visceral metastases was statistically significantly longer 
than the subgroup of patients with visceral metastases 
(27.6 months, 95%CI: 22.6–30.8 vs 10.3 months, 95%CI: 
6–14.6; p=0.001).

For nearly eight decades, androgen deprivation 
therapy (ADT) has served as the cornerstone of sys-

temic treatment for men with metastatic prostate can-
cer. The antitumor effects of ADT improve quality of 
life by reducing bone pain and complication rates. 
Nevertheless, around 20% of patients respond poorly 
to ADT and this subgroup often also shows poor re-
sponses to second-line anti-androgens. The study of 
Wenzel et al. evaluated the impact of time to castra-
tion resistance (TTCR) in metastatic hormone-sen-
sitive prostate cancer (mHSPC) patients on overall 
survival (OS).16 The results of this study showed that 
the subgroup of patients with TTCR < 12 months had 
statistically significantly lower OS than the subgroup 
of patients with TTCR ≥ 12. The results of our study 
showed that the median OS of the subgroup of patients 
with time from ADT start to mCRPC <12 months was 
statistically significantly higher than the subgroup of 
patients with time from ADT start to mCRPC ≥12 
months (29.2 months, 95%CI: 25.6–32.8 vs 9.7 months, 
95%CI: 4.2–15.2; p<0.001).

In the United States, the majority of prostate cancer 
patients are diagnosed at an early stage; only 8% of pa-
tients are diagnosed at the metastatic stage.2 The 5-year 
survival rate for patients is 98%.3 However, at the met-
astatic stage, the 5-year survival rate is significantly re-
duced, to approximately 34%.3 In the metastatic stage 
of the disease, patients who undergo radical treatment 
at the time of initial diagnosis have a better prognosis 
than de novo patients. The CHAARTED trial by Swee-
ney et al. and the GETUG-AFU 15 trials by Gravis et 
al. demonstrated that patients who underwent radical 
treatment at the time of initial diagnosis had signifi-
cantly longer overall survival (OS) compared to de novo 
patients who relapsed.17,18 In the study by Koura et al., 
28.4% of patients who received radical treatment at the 
time of initial diagnosis showed significantly longer OS 
than de novo patients (HR 0.56, 95% CI: 0.33–0.93).19 
However, the results of our study showed that the medi-
an OS of the subgroup of patients with “recurrent” was 
not statistically significant compared to the subgroup of 
patients with de novo (29.2 months, 95%CI: 25.5–32.9 
vs 17.7 months, 95%CI: 11.6–23.7; p=0.412).

PSA is widely used to monitor prostate cancer and 
its decline after chemotherapy and new-generation hor-
monal agents has been acknowledged as a valid surro-
gate for OS and PFS at 3 months. Retrospective studies 
have confirmed that patients with mCRPC who expe-
rience a PSA response exhibit a survival benefit com-
pared to patients who do not achieve a PSA response. 
The study by Alvim et al. showed that median OS was 
significantly longer for patients with PSA response com-
pared with patients without PSA response (29.3 vs. 9.7 
months, p<0.001).20 The results of our study showed 
that the median OS of the subgroup of patients with 
PSA response was statistically significantly higher than 
the subgroup of patients without PSA response (29.2 
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months, 95%CI: 25.6-32.8 vs 9.1 months, 95%CI: 8.1–
10.1; p<0.001).

Abiraterone acetate inhibits CYP-17OH, leading to 
an increase in mineralocorticoid synthesis. As a result, 
it causes salt and water retention, hypokalemia, hyper-
tension, edema, and an elevated risk of cardiovascular 
events. Additionally, AAP is metabolized by the liver 
and can lead to increased liver enzyme levels, a com-
mon occurrence within the first 3 months. In our study, 
the rate of patients experiencing adverse events due to 
AAP was lower than in the COU-AA-302 trial by Ryan 
et al.4 The most frequent symptoms included edema 
(23.1%), hypokalemia (15.4%), hypertension (10.7%), 
elevation of AST/ALT enzymes (7.7%), and hyperglyce-
mia (7.7%). The majority of patients experienced mild 
to moderate adverse events, and none had to discontin-
ue the treatment due to AAP-related adverse events.

Study limitations
At present, some limitations still remained in the cur-
rent study. In Vietnam, many mCRPC patients cannot 
be treated with AAP due to financial problems. There-
fore, our study has a smaller sample size than other 
studies. In addition, this study was not designed to eval-
uate radiographic progression-free survival. Contin-
ued follow-up and analysis of more patients are planned 
to confirm the more therapy value of this regime in 
mCRPC patients.

Conclusion
The treatment with AAP is well tolerated and effective 
in mCRPC patients naïve to chemotherapy, even though 
in real life they are more vulnerable and have a high 
burden of disease such as visceral metastases and pain. 
Moreover, Gleason score, visceral metastasis, time from 
ADT start to mCRPC, and PSA response are the inde-
pendent indicators for predicting the OS of mCRPC pa-
tients in both univariate and multivariate analyses.
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ABSTRACT 
Introduction and aim. Oxidative stress is one of the complications that accompany defects in thyroid hormone levels. This 
study was designed to evaluate oxidative stress markers in patients with hypothyroidism. 
Material and methods. This case control study was comprised of forty-two hypothyroid patients aged 36–46 years and forty 
age matched (35–43 years) healthy control participants randomly selected from the Endocrine Clinic of Al-Yarmook Hospital in 
Iraq. Blood levels of thyroid hormones malondialdehyde, glutathione, and paraoxonase-1 were assessed. Body mass index was 
calculated for each patient and control participant.
Results. Regarding the data of oxidative stress markers in hypothyroid patients compared to controls, a significant eleva-
tion was reported in blood levels of malondialdehyde and a significant reduction was found in blood levels of glutathione 
(p=0.031). On the other hand, the blood levels of paraoxonase-1 were significantly different in hypothyroid patients compared 
with the control.
Conclusion. Elevated blood levels of malondialdehyde and declined blood levels of glutathione in hypothyroid patients are a 
signal of oxidative stress and consequently increase the risk of cardiovascular complications. 
Keywords. glutathione, hypothyroidism, malondialdehyde, oxidative stress, paraoxonase-1
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Introduction
Thyroid hormone is an endocrine hormone released 
from the thyroid gland under the influence of thyroxine 
stimulating hormone. It regulates many processes in-
side the body that have an effect on metabolism, growth, 
and basal metabolic rate. Imbalance between the oxida-
tive state and the anti-oxidative state leads to oxidative 
stress, which is mostly associated with thyroid diseases.1           

Many studies reported elevated levels of lipid perox-
idation and malondialdehyde in patients with hypothy-
roidism disorders.2,3 Inconsistency between production 
and removal of reactive oxygen species that occur during 
the hypometabolic state may lead to oxidative stress, caus-
ing damage to proteins, DNA, and lipid damage.4 

Oxidative stress may cause injury to endothelial 
cells leading to inflammation of the vascular cells, which 

could cause many cardiovascular complications by en-
hancing the release of cytokines such as osteoprotegerin 
and receptor activator of nuclear factor kappa-b ligand 
(RANKL).5 Furthermore, the release of inflammatory 
cytokines may cause stimulation of angiotensin II type-
1 receptors. Treatment with angiotensin II type-1 recep-
tor blocker drugs may diminish these events in addition 
to reducing blood pressure.6 Dyslipidemia and lipid 
peroxidation, another risk of hypothyroidism, affect en-
dothelial cells by causing inflammation of the vascular 
cells which may progress to coronary artery disease and 
arteriosclerosis.7,8

Aim
The aim of this study was to quantify the levels of thyroid 
hormones and oxidative stress markers such as malond-
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ialdehyde, glutathione, and paraoxonase-1 in hypothy-
roid patients and apparently healthy individuals. 

Material and methods
Study design, locus, and patient selection
In this case-control study, a total of 42 patients (19 males 
and 23 females) with hypothyroidism aged 36±10 years 
and 40 apparently healthy individuals (18 males and 22 
females) aged 35±8 years, were recruited from the Endo-
crine Clinic of Al-Yarmook Hospital in Iraq. Question-
naires for inclusion in this study included many details 
such as age, gender, previous diseases, medications, and 
existence of chronic diseases in the family. The exclusion 
criteria included patients with other chronic diseases or 
disorders. The rules of this study obeyed instructions of 
the Helsinki Declaration for research and approved by 
the College Ethical Committee of the Pharmacy College 
(2/4/1236 on 22-11-2021).

All participants received printed informed consent 
with enclosed study details and agreements.

Sample collection and laboratory measurements 
After 8‒12 hours of fasting, blood samples were collect-
ed from each subject and dispensed into anticoagulant 
bottles containing lithium heparin and centrifuged at 
3000 rpm for 10 minutes. After which the plasma sam-
ples were isolated and kept at -20°C until the assay. 
Body mass index (BMI) was calculated for all partici-
pants by dividing the weight of subjects in kilograms by 
height in squared meters.

The hormones tri-iodothyronine (T3) and tet-
ra-iodothyronine (T4) were quantified using a radio-
immunoassay kit (Institute of Isotopes, Budapest), 
while thyroid stimulating hormone (TSH) was quanti-
fied using an immunoradiometric assay kit (Institute of 
Isotopes, Budapest) according to the manufacturer’s in-
structions. Malondialdehyde (MDA) was estimated us-
ing the thiobarbituric acid reactive substance method, 
while glutathione (GSH) was estimated using Ellman’s 
reagent (5,5´-dithiobis- (2-nitro benzoic acid), DTNB), 
measured spectrophotometrically at 412 nm.9,10 The ac-
tivity of paraoxonase-1 (PON-1) was assessed using the 
substrate 4-nitrophenyl phosphate measured spectro-
photometrically at 410 nm.11

Statistical analysis
Data were presented as mean ± standard deviation. 
Continuous variables evaluated by unpaired student t- 
test, two-tails with p<0.05. Pearson correlation anal-
yses was used for assessing the correlation between 
variables with p<0.05. All statistical analyses were 
done using Microsoft Excel and the software Statistical 
Package for Social Sciences (SPSS) version 25 (IBM, 
Armonk, NY, USA).

Results
Table 1 shows the demographical properties of the stud-
ied groups and the clinical data of biomarkers and hor-
mones. Concerning the blood levels of hormones, the 
hypothyroid patients had significantly decreased plas-
ma levels of T3 (p<0.0002), and T4 (p<0.0002) and had 
significantly increased plasma levels of TSH (p<0.001) 
compared with the control individuals. Body mass in-
dex values was significantly elevated (p=0.035) in pa-
tients with hypothyroidism compared with control 
individuals. 

Results of oxidative stress markers in hypothyroid 
patients compared with control showed a significant el-
evation (p<0.0002) in plasma levels of MDA and a sig-
nificant reduction (p=0.031) in plasma levels of GSH, 
while plasma PON-1 levels showed no significant dif-
ferences. 

Table 1. Demographic outline and clinical data for all 
participants. a 
Variables Control Hypothyroid patients p

Number (n) 40 42

Gender (male/female) 18/22 19/23

Age (years) 35±8 36±10

T3 (nmol/L) 2.2±0.22 0.28±0.9 <0.0002

T4 (nmol/L) 117.8±18.5 35.4±15.2 <0.0002

TSH (µ IU/mL) 1.9±0.41 26.6±12.1 <0.001

BMI (Kg/m2) 28.34±2.62 33.8±2.75 0.035

MDA (µmol/L) 0.76±0.07 2.03±0.24 <0.0002

GSH (mg/dL) 40.5±3.5 31.5±4.3 0.031

PON-1 (IU/L) 6.25±0.42 6.18±0.5
a Values are set as mean (±SD) for continuous variable, 
T3 – tri-iodothyronine, T4 – tetra-iodothyronine, TSH – 
thyroid stimulating hormone, BMI – body mass index, 
MDA – malondialdehyde, GSH – glutathione, PON-1 – 
paraoxonase

Fig. 1. The changes in the studied variables in hypothyroid 
patients versus controls.

Figure 1 shows the number of variable changes in 
hypothyroid patients versus normal control; the mean 
blood level of MDA was 2.67-fold higher in hypothyroid 
patients compared to control. On the contrary, the mean 
blood level of GSH was decreased 0.77-fold in hypothy-
roid patients compared to normal control. 
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Our data in Figure 2 demonstrates that there is a 
highly significant positive correlation (r=0.924, p=0.001) 
between MDA levels and BMI for hypothyroid patients 
and a significant positive correlation (r=0.364, p<0.05) 
between MDA levels and BMI for control individuals. 

Fig. 2. The positive correlation coefficient between BMI 
value and MDA levels for control and hypothyroid groups.

Discussion
Oxidative stress is a state of disproportion of oxidative to 
antioxidative status that occurs in many disorders such 
as thyroid gland dysfunction and can lead to increases 
in the levels of reactive oxygen species such as hydrogen 
peroxide that cause protein damage and subsequent ill-
ness.12 In hypothyroid patients, the risk of dyslipidemia, 
metabolic syndrome, and atherosclerosis are elevated 
because of an increased incidence of oxidative stress. In 
this state, lipid peroxidation, as consequence of hyper-
cholesterolemia and elevated levels of low-density lipo-
protein (LDL) cholesterol, are increasingly vulnerable to 
lipid peroxidation by free radicals.13,14

Decreased levels of thyroid hormone may diminish 
the rate of conversion of β-carotene- LDL to vitamin A 
‒ LDL that serve as antioxidants and subsequently en-
hance oxidation of LDL.15 Dyslipidemia in hypothy-
roidism leads to an increase in the number and size of 
adipocytes (hypertrophy), and consequently, cytokine 
production such as IL‑1, IL‑6 and TNF‑α by adipocytes 
will be escalated  and enhance the incidence of pro-in-
flammatory states and oxidative stress.16

As noted in this study, BMI values for hypothyroid 
patients were positively correlated with MDA levels. 
This finding is in concordance with previous studies.17  

Reactive oxygen species cause lipid peroxidation and 
consequently the production of MDA indicates oxi-
dative damage and oxidative stress inside the body.18 
Therefore, MDA can be used for diagnosis of oxidative 
stress accompanied hypothyroidism and for monitoring 
of hypothyroidism after treatment with L-thyroxine, as 
levels decline with treatment as documented by many 
studies.19,20 

As verified in this current study, the level of GSH in 
hypothyroid patients was significantly less than those in 
normal controls; this outcome agreed with a study by 
Pasupathi, et al.21 As thyroid hormone is important for 
the synthesis of antioxidant agents such as GSH, the de-
creased level of thyroid hormone causes a decline in bio-
synthesis of GSH.22 Moreover, reduced levels of GSH can 
occur by other factors such as decreased levels of superox-
ide dismutase leading to accumulation of superoxide and 
oxidation of GSH.23 Likewise, Ustundag and colleagues 
inferred that with an escalation of oxidative stress, the 
levels of antioxidant activity of superoxide dismutase and 
glutathione peroxidase diminish in corpulent humans.24 

PON-1 is an enzyme present in high-density lipo-
protein (HDL) and has antioxidant properties. Levels of 
PON-1 decline in many diseases related to autoimmune 
and connective tissue.25 Concerning the level of paraox-
inase-1 in this study, there was no significant reduction 
in the levels of PON-1 for hypothyroid patients com-
pared with control individuals. This event was consis-
tent with the studies of Roshni, et al. and Kebapcilar, et 
al.26,27 In contrast, Duman, et al., and Cebeci, et al. doc-
umented a significant decline in the level of PON-1 in 
hypothyroid patients.28,29 This variation may be due to 
genetic differences in enzyme expression or due to dif-
ferences in blood levels of HDL.  

Study limitations were the number of the subjects 
(sample size), the retrospective design of the study and 
one-center analysis. Therefore, additional studies with 
larger sample sizes in multiple centers are suggested.

Conclusion
Thyroid hormone is important for maintaining a nor-
mal oxidative status in the body. Therefore, any defect 
in this hormone causes imbalance between the oxida-
tive and anti-oxidative state and may progress to oxi-
dative stress. Our data confirms that overproduction of 
MDA, and a reduction of glutathione in hypothyroid 
patients, provides a signal of oxidative stress escalation 
since these markers are related to increased free radi-
cal formation causing lipid peroxidation and decreased 
antioxidant enzyme levels. Therefore, these biomarkers 
can be used for monitoring this impairment in hypothy-
roidism and to overcome complications.
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ABSTRACT
Introduction and aim. Computed tomography (CT) is the first imaging modality in the evaluation of children in case of patients 
with head injury in pediatric Emergency Departments (EDs). Radiological CT reports include not only lesions that are the main 
cause of the child’s complaints but also incidental findings. The objective of this study is to assess incidental findings observed 
in children who were admitted to the ED and had the head CT performed.
Material and methods. This retrospective, cross-sectional study enrolled 644 children under the age of 18, from 1st January 
2021 to 31st June 2021. Each child could have had one or more incidental findings in CT
Results. Among all CT studies, incidental findings were found in 279 out of 644 (43.32%) cases, of which 73 (11.34%) had both 
lesions detected incidentally and related to the trauma.
Conclusion. Head CT is an incredibly useful tool in the assessment of some head emergencies. However, evaluation of the prev-
alence of incidental findings is difficult. Most of them require no specific further investigation. Pediatricians, who order CTs in 
children, must be prepared to interpret and communicate findings to families and introduce treatment in necessary situations.
Keywords. head CT incidental findings, pediatric ED, pediatric head CT
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Introduction
The pediatric emergency department (ED) is an im-
portant place where children of all ages are brought by 
self-referral, by emergency medical services or referred 
from either primary or secondary care. The assessment 
of pediatric children in the emergency setting is difficult 
due to limited history and physical examination, which 
often yields findings that overlap with multiple disease 
entities. Therefore, diagnostic imaging has a significant 
role in the evaluation of pediatric patients in the EDs. 
Computed tomography (CT) scans are most frequently 

obtained in the evaluation of children, in whom imag-
ing of the head region in the EDs is necessary. The indi-
cations to perform a CT scan fall under two categories, 
i.e. post-traumatic and non-traumatic.1 After obtaining 
a medical history and physical examination, preliminary 
diagnoses of patients with non-traumatic reasons that 
may be an indication for head CT include headache, sei-
zures, fever, confusion, hematoma, infarct, optic neuritis 
and arrest.2 The simplicity and accessibility of this imag-
ing tool have led to its overuse, especially in EDs, where 
a correct diagnosis must be made quickly.3 Although 
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this imaging method can show lesions, which enable the 
diagnosis of many diseases, it is also sensitive to a wide 
variety of incidental findings that may be previously un-
known to the patient or family. This incidental informa-
tion can lead to increased patient stress and additional 
diagnostic testing, whether or not it is ultimately clini-
cally important.4

Aim
The objective of this study is to assess incidental findings 
observed in children, who were admitted to the ED and 
had the head CT performer and point out how many of 
these changes can have life-threatening consequences.

Material and methods
This retrospective, cross-sectional study enrolled 644 pe-
diatric patients who underwent a CT scan of the head in 
the Pediatric Emergency Department at the Prof. Anto-
ni Gebala Children’s Hospital of Lublin over six months 
from 1st January 2021 to 31st June 2021. All study sub-
jects were children under the age of 18, referred for a 
head CT scan from the ED. The children were catego-
rized into four age groups: 0‒1, 2‒5, 6‒11 and 12‒18 
years old, who had brain CT with post-traumatic and 
non-traumatic indications. Patients were excluded from 
this study if they had cerebral shunt or their primary 
complaint lasted more than three days. The imaging was 
performed on Siemens Definition AS+ 128 slices with-
out administering an intravenous contrast agent. The 
purpose was to examine radiological reports for any no-
tation of incidental findings. Each child could have had 
one or more findings. Statistical analysis was performed 
using Statistica 13.3 (Statsoft, Tulsa, OK, USA).

Results
A total of 644 pediatric patients admitted to the ED, 
on whom a CT scan of the head was performed, were 
included in this study. Of these patients, 364 (56.52%) 
were male, and 280 (43.48%) were female.

The age of children varied between 0 and 18, and the 
mean age of patients in the study group was 10.02±4.68. 
The largest proportion of the study group were children 
aged 12‒18 years old – 243 patients (37.73%), with an 
equal proportion of middle childhood (36.96%). More 
information about the study group is provided in Table 
1 and Table 2.

Table 1. Characteristics of study group
Sex Mean±SD Median (Min; Max) n %

Age (years)
Female 9.90±4.72 9.91 (0-17) 280 43.48

Male 10.19±4.64 10.24 (0-17) 364 56.52

Total 10.02±4.68 9.96 (0-17) 644 100

Of all patients, in 318 (49.38%), any lesions in CT 
of the head were not found, whether incidental or as-

sociated with trauma findings. 206 (31.99%) pediatric 
patients had incidental findings, and 73 (11.34%) had 
both lesions found incidentally and related to the trau-
ma (Table 3).

Table 2. Study group by the age groups
Age group n %

Toddlers and infants (0-2 years old) 18 2.80

Early childhood (2-5 years old) 145 22.51

Middle childhood (6-11 years old) 238 36.96

Early adolescence (12-18 years old) 243 37.73

Total 644 100

Table 3. Head computed tomography scan findings in 
children treated in the Emergency Department

n %

Incidental findings 206 31.99

Trauma caused findings 47 7.30

Incidental + trauma caused findings 73 11.33

Normal 318 49.38

From the total of 279 children with incidental find-
ings in brain CT, 215 (77.06%) had only one lesion, 
and in 64 (22.94%) patients, two or more findings were 
found. In all radiologist reports included in this study, 
there were documented 359 lesions, the largest group 
being intracranial calcifications, with a total number of 
126 (35.10%). The frequency of incidental findings in 
brain CT is shown in Table 4.

Table 4. Frequency of incidental findings
n %

Intracranial calcifications 126 35.10

Skull base pneumatization 40 11.14

Sinus opacification 96 26.74

Cyst 31 8.63

Adenoidal hypertrophy 3 0.84

Ventricular abnormality 13 3.62

Tumor/mass 2 0.56

Cerebellar tonsillar ectopia 3 0.84

Extraaxial fluid 5 1.39

Other 40 11.14

Discussion
Unenhanced head CT is the most common of all re-
quested CTs in ED, accounting for 70-80%, according 
to Wang et al.5 It is a very useful tool in the assessment 
of pediatric patients to establish a particular diagnosis. 
However, despite much useful information, this imag-
ing method provides us with, incidental findings are of-
ten presented in radiological reports. These findings are 
usually unrelated to the principal complaint and may 
not be pertinent to the immediate care of the patient.6

Our study demonstrates the prevalence of inciden-
tal findings on cranial CT in patients in whom a scan 
of the head in the ED was done. In this study, 43.32% 
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of children had incidental findings identified. In 73 
(11.33%) cases, incidental findings were accompanied 
by lesions related to the trauma. Cranial CT-based stud-
ies reported prevalences that range from as low as 1% to 
as high as 19%. However, these studies pay particular at-
tention to doing a follow-up examination.4,7,8 There were 
also studies where the prevalence of incidental findings 
reached 85.1%, but the majority of them were innocu-
ous and trivial.6 Most of the research pertaining to inci-
dental findings on cranial CT concentrate on the adult 
population, while pediatric studies represent a signifi-
cant minority.

The most commonly found incidental lesion in ra-
diological reports in the pediatric ED in our study is in-
tracranial calcification (35.1%; 126/359 lesions). Ogbole 
et al. also identified calcifications as the most common, 
with a frequency of 67.7%. However, the study’s group 
age varied between a few days of life to 95 years.6 CT is 
a very sensitive method for depicting intracranial cal-
cifications. In general, in conventional nonenhanced 
CT, any lesion with a density larger than 100 Hounsfield 
units is classified as calcification.9,10 They are physio-
logical and mostly found in choroid plexus or pineal 
gland.11,12

In studies in which only patients under the age of 18 
were included, Rogers et al. pointed out that sinonasal 
abnormalities (19%) are the most common, and Ortega 
et al. and also Ghimire et al. reported sinus opacification 
(83.9% and 43.9%) as the most common in the pediat-
ric population.4,13,14 In our study, sinus opacification was 
noted in the second place (26.74%; 96/359).

The further clinical examination of pediatric pa-
tients with incidental findings has not been widely stud-
ied in our research. However, it is clear that lesions, such 
as a suspicious potentially cancerous mass, can have po-
tentially serious consequences for patients and are an in-
dication to extend the diagnosis. In our study, there were 
only 2 (0.56%) lesions, which should increase oncologi-
cal awareness. Rogers et al. observed 12 (2.17%) cases of 
mass in CT that required follow-up examination.4 With 
the development of technology and increased availabili-
ty of neuroimaging, the incidence of incidentally detect-
ed brain tumors is increasing among children.15,16

Communicating incidental findings to the fami-
lies of pediatric patients has been a topic of many stud-
ies.17-19 Incidental findings still remain a challenge in 
terms of ethics and management in case of prospective 
study participants. Vast number of patients with inci-
dental findings will not require treatment, but it is cru-
cial to provide an appropriate follow-up.20,21 In our study 
we point out that incidental findings are common so 
proper communicating them to the patients and their 
families is necessary.  

Conclusion
Evaluation of the true prevalence of incidental findings 
in an ED setting is difficult. However, most of them are 
benign and require no specific follow-up. Pediatricians 
in the EDs who order CTs in children must be prepared 
to interpret and communicate findings to families and 
introduce treatment in necessary situations. It is import-
ant to balance the ethical and medical implications of 
this unexpected information.
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ABSTRACT
Introduction and aim. Human papillomavirus (HPV) is a common infection responsible for many cancers. This study was 
conducted to determine the relationship between the knowledge level of HPV and the health literacy of youth living in 
Türkiye.
Material and methods. The study sample comprised 543 youth aged 18 and 30 living in Türkiye. The data were assessed 
with a questionnaire, the human papilloma virus knowledge scale (HPV-KS), and the health literacy scale (HLS) and the 
correlation between them.
Results. 50.6% of the youth informed that they are aware of HPV, and 54% of the youth know about the transmission mode 
of HPV. It was determined that knowing HPV increased 1.839 times by being a woman, 1.949 times by being married, and 
14.339 times by knowing STIs. The HPV-KS total score average of the youth was low at 14.26±7.04, and the total score av-
erage of HLS was high at 107.91±16.81. A positive and significant correlation was found between HPV-KS total score, all 
sub-factor scores, HLS total score, and all sub-factors total score (p<0.001).
Conclusion. Information studies on HPV should be increased by taking advantage of the generality of health literacy. 
Keywords. health education, health literacy, HPV, sexually transmitted infections, youth
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Introduction
Human papillomavirus (HPV) is the world’s most com-
mon sexually transmitted disease. Transmission spreads 
through genital fluids or genital area contact, contam-
inated surfaces, perinatal transmission, and a chap on 
skin and mucosa. HPV is typically asymptomatic and 
diagnosed by an HPV DNA test. Its treatment includes 
surgical excision of papilloma, topicals, and immune 
modulators. HPV results in skin, pharyngeal, vulvar, 
vaginal, penile, and anal cancers, especially cervices 
cancer.1-3

It is known that every year, 530,000 women are in-
fected with HPV worldwide, and 266 thousand of wom-
en die from this virus. It is estimated that the prevalence 

of HPV-infected individuals is around 11.7%. Cervical 
cancer caused by HPV takes fourth place in terms of 
prevalence among cancers in women. Data from 2018 
revealed that 570,000 women were diagnosed with cer-
vical cancer and 311,000 women died from this dis-
ease.4,5 Türkiye has a population of 32.4 million women 
aged 15 and over at risk of cervical cancer. It is estimat-
ed that 2,532 women are diagnosed with cervical cancer 
annually, and 1,245 women die from this disease.6 The 
World Health Organization (WHO) data shows that 
women who die from cervical cancer in Türkiye are 5.9 
per 100 thousand.7 

Vaccination, screening, early diagnosis, and treat-
ment effectively reduce this virus’s spread. WHO rec-
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ommends that girls between the ages of 9 and 14 be 
vaccinated against HPV, in addition to screening and 
treatment services to reduce the risk of cancer in wom-
en.5 However, it is difficult to access the vaccine in our 
country because the HPV vaccine is not included in 
the free vaccine program, and the costs are high. Regu-
lar screening of women between the ages of 30 and 49, 
treatment and follow-up of infected women, and pal-
liative care is recommended to eliminate HPV.5 Other 
ways to prevent HPV infection are monogamy, the pop-
ularization of condom use, the development of safe sex-
ual behaviors, and increasing health education.2,3 

It is essential to prepare appropriate, cost-effective, 
easy-to-understand, and accessible materials and convey 
accurate information, especially to youth in the education 
and counseling of STIs. The concept of health literacy de-
veloped in recent years is known as a person’s ability to 
read, understand and apply the information he/she has 
reached.8 Demand for preventive health services and vac-
cines includes knowing how and when to use prescription 
drugs or certain behaviors, including asking healthcare 
professionals about medical problems. Health literacy is 
essential in understanding why health behaviors do not 
improve. As a result of studies conducted in Türkiye, it is 
known that health literacy is in good condition.9-11 On the 
other hand, although information about HPV and its vac-
cine has been widely available in recent years, it is known 
that youth have insufficient knowledge of the subject.12,13 
HPV is risky for young people, one of the risk groups for 
sexually transmitted infections, due to reasons such as be-
ing unheard of, ignorance and inadequacies in vaccina-
tion and lack of understanding of the importance of safe 
sexual intercourse. Reducing the spread of HPV will re-
duce associated cancers and reduce sexually transmitted 
infections and other opportunistic infections. 

Aim
For all these reasons, this research was conducted to de-
termine the relationship between knowledge levels of 
HPV and the health literacy of youth among the risk 
groups for HPV.

Material and methods
This study was conducted in a descriptive and cross-sec-
tional type to determine the relationship between 
knowledge levels of HPV and health literacy of youth 
aged 18 and 30 living in Türkiye. The research popula-
tion consisted of youth between 18 and 30 living in Tür-
kiye. The study was conducted between 10 May and 30 
August 2022. 

A total of 16,940,475 people between the ages of 
18 and 30  from ‘Results of Address Based Popula-
tion Registration System 2021’ of the Turkish Statis-
tical Institute (TUIK) and the formula (n= N t² p q 
/ d² (N-1) + t² p q), where the population is known, 

determined that the prevalence of HPV in the popu-
lation was 15% in line with the literature and this de-
termined the number of samples.14,15 The number of 
samples was 543, with a 95% confidence interval and 
a 0.03 sensitivity. Data were collected online as this 
study was conducted during the COVID-19 pandem-
ic, and maximum diversity was aimed. We targeted 
Turkish-speaking people between the ages of 18 and 
30 living in Türkiye and recruited through Instagram, 
Facebook and Linkedin. Each researcher shared a web 
link on their social media page. We implemented a 
continuous recruitment strategy from October – De-
cember 2023 until the target number of participants 
were enrolled. Participants were not compensated. The 
survey was anonymous and the young people could 
leave the study at any time. Young people were able 
to move on to other questions based on the questions 
covering the inclusion and exclusion criteria at the be-
ginning of the form. Those who did not complete these 
questions were excluded from the study because they 
could not see the other questions. Young people who 
answered all questions were considered to have com-
pleted the survey. Data was collected through a secure 
method of Google surveys and each survey took an av-
erage of 5–10 minutes to complete. Ethical approval of 
the study (Date: 08.04.2022 Issue: E-14679147-663.05-
266758) was obtained. 

Introductory information form examining demo-
graphic data, human papilloma virus knowledge scale, 
and health literacy scale were used as data collection 
tools. 

Introductory information form
It consists of 15 questions developed by the researchers 
to determine the socio-demographic status of youth.16

Human papilloma virus knowledge scale (HPV-KS)
Developed by Waller et al. in 2013 and which validity 
and reliability of the Turkish version were studied by 
Demir and Özdemir in 2019, HPV-KS was developed 
to measure individuals’ knowledge levels of HPV, HPV 
vaccine, and screening tests. In the scale, it is researched 
whether individuals have heard of HPV, HPV vaccine, 
and HPV screening tests before and to what extent they 
know these issues. The total score to be obtained from 
HPV-KS is between 0 to 35, and a high score indicates a 
high knowledge level of HPV, HPV screening tests, and 
the HPV vaccine. The Cronbach α value of the scale was 
calculated as 0.96.17,18 

Health literacy scale (HLS)
HLS was developed by Toçi et al. in 2013, and a validi-
ty and reliability study of the Turkish version made by 
Aras and Bayık Temel in 2017. The scale has four sub-di-
mensions: accessing information, understanding infor-
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mation, appraising, and applying. Low scores indicate 
insufficient, problematic, and poor health literacy, while 
high scores indicate adequate and very good health lit-
eracy. The higher the score is, the higher the individual’s 
health literacy level is. The Cronbach α value of the scale 
was calculated as 0.91.19,20

The data were evaluated by entering SPSS 21.0 pack-
age program (IBM, Armonk, NY, USA). Data were ana-
lyzed by number, percentage, mean, Standard deviation, 
Anova, t test, Logistic regression, and Pearson correla-
tion coefficient.

In our study, the normality of the distribution of the 
variables was examined with the Kolmogorov-Smirnov 
test, and the homogeneity of the variances was evaluat-
ed with the Levene test. The Cronbach Alpha value of 
HPV-KS was found to be 0.90, and the Cronbach Alpha 
value of the Health Literacy Scale was found to be 0.96. 

Results
The average age of the youth participating in the study 
was 23.91±6.35, 69.1% of the participants (n=375) were 
women, 30.9% (n=168) were men, 45.3% (n=246) in 
the 21–24 age group, 82.5% (n=448) were single, 42.7% 
(n=232) were high school graduates and 47.5% (n=258) 
were university graduates or higher. It was determined 
that 66.5% (n=361) of the youth had a middle income, 
and 24.7% (n=134) were working in wage-earning em-
ployment. 

67.4% (n=366) of the participants stated that they 
have knowledge of STIs and 57.8% (n=314) stated that 
they need health education for STIs. 50.6% (n=275) of 
the youth informed that they had heard of HPV, and 
54% (n=293) informed that they knew the transmission 
mode of HPV. 

The participants’ knowledge of HPV and STIs is giv-
en in Figure 1.

Fig. 1. Participants’ knowledge status of HPV and STIs

When the socio-demographic characteristics of the 
youth and the score averages of HPV-KS and HLS were 
compared, the difference between HPV-KS total score 
average and employment status was found to be statisti-
cally significant (p<0.05). The difference between HLS to-
tal score average and gender, marital status, and age was 
found to be statistically significant (p<0.05) (Table 1).

Table 1. HPV-KS and HLS score averages of the youth 
participating in the study by socio- demographical 
characteristics (n=310)a

HPV-KS HLS

n % 𝑿̄ ± 𝑺𝑫 𝑿̄ ± 𝑺𝑫
Gender

Woman 226 72.9 14.37±6.89 t= -0.47 109.91±14.39 t= 2.961

Men 84 27.1 13.95±7.46 p=0.642 102.50±21.21 p=0.004*

Age

18–20 years 93 30 13.24±6.53 F=1.526 104.87±2.04b F=3.229

21–24 years 144 46.5 14.53±6.84 p=0.219 108.87±19.69 p=0.041*

25 years and over 73 23.5 15.03±7.94 111.49±15.06a

Marital status

Single 261 84.2 14.10±6.90 t= -0.892 107.10±17.30 t= -2.348

Married 49 15.8 15.08±7.79 p=0.373 112.20±13.24 p=0.021*

Education

Maximum secondary 
school graduates

19 6.1 12.32±5.68 F=0.785 104.53±12.79 F=0.434

High school graduates 142 45.8 14.31±7.68 p=0.457 108.36±17.03 p=0.648

University and higher 
graduates

149 48.1 14.46±6.54 107.91±17.09

Family income status

Income more than 
expenses

42 13.6 16.55±8.89 F= 2.672 109.57±16.60 F= 0.703

Income equals 
expense

205 66.1 13.99±6.67 p=0.071 108.20±17.22 p=0.496

Income less than 
expenses

63 20.3 13.60±6.64 105.86±15.63

Working status

Working 79 25.5 15.96±7.85 t= 2.319 110.32±15.57 t= 1.479

Not working 231 74.5 13.68±6.66 p=0.022* 107.08±17.17 p=0.14

a X – mean, SD – standard deviation, F – One Way Anova, t – 
Student T, * – p<0.05, * – a-b: difference between groups

According to the logistic regression analysis, it was 
determined that the state of knowing HPV increased 
1.839 times by being a woman, 1.949 times by being 
married, and 14.339 times by knowing STIs (p<0.05) 
(Table 2).

Table 2. Results of logistic regression analysis on HPV 
knowledge of youtha

B S.E. Wald df Sig.
95% C.I.for EXP(B)

Exp(B) Lower Upper

Gender 0.609 0.219 7.748 1 0.005 1.839 1.198 2.825

Age -0.038 0.181 0.044 1 0.834 0.963 0.675 1.374

Marital status 0.667 0.313 4.554 1 0.033 1.949 1.056 3.597

Education -0.019 0.166 0.013 1 0.909 0.981 0.709 1.358

Working status 0.106 0.274 0.149 1 0.699 1.112 0.650 1.902

Knowledge of STI 2.663 0.249 113.976 1 <0.001 14.339 8.794 23.379

a B – regression coefficient, SE – standard error, Wald – Chi-
square value, df – degree of freedom, p – significance level 
(p<0.05), Exp (B) – odds ratio (OR)

HPV-KS total score average of the youth was 
found to be 14.26±7.04, and the HLS score average was 
107.91±16.81. Youth’s HPV-KS and Health Literacy 
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Scales Total Score and Sub-Factors Total Score Averages 
are given in Table 3. 

Table 3. HPV-KS and HLS total scores and sub-factors 
score averages of youth

Average±SD Min–max n

HPV-KS total score 14.26±7.04 0–33 310

HPV-KS sub-factor 1: General 
knowledge of HPV

9.05±3.50 0–16 310

HPV-KS sub-factor 2: Knowledge of 
the current HPV vaccination schedule

1.24±1.52 0–6 310

HPV-KS sub-factor 3: General 
knowledge of the HPV vaccine

2.20±1.76 0–5 310

HPV-KS sub-factor 4: General 
knowledge of HPV screening test

1.77±1.68 0–6 310

HLS total score 107.91±16.81 25–125 310

HLS sub-factor 1: Access to 
Information

21.51±3.86 5–25 310

HLS sub-factor 2: Understanding 
information

30.71±4.89 7–35 310

HLS sub-factor 3: Appraisal/evaluation 34.64±5.99 8–40 310

HLS sub-factor 4: Application/use 21.05±4.18 5–25 310

A positive and significant correlation was found be-
tween the HPV-KS total score and all sub-factor scores 
of the youth, and the HLS total score and all sub-factors 
total scores (p<0.001) (Table 4).

Table 4. The relationship between total scores of 
HPV-KS and HLSa	

HPV-KS
HPV- KS 

SUB 1
HPV-KS
SUB 2

HPV-KS
SUB 3

HPV- KS 
SUB 4

HLS
HLS 

SUB1
HLS

SUB2
HLSSUB3

HPV-KS 
sub 

factor 1

r 0.903**

p 0.000

HPV-KS 
sub 

factor 2

r 0.730** 0.511**

p 0.000 0.000

HPV-KS 
sub 

factor 3

r 0.802** 0.602** 0.517**

p 0.000 0.000 0.000

HPV-KS 
sub 

factor 4

r 0.804** 0.605** 0.544** 0.587**

p 0.000 0.000 0.000 0.000

HLS
r 0.292** 0.281*** 0.153* 0.262** 0.223**

p 0.000 0.000 0.007 0.000 0.000

HLS sub
factor 1

r 0.332** 0.310*** 0.181* 0.271** 0.295** 0.876**

p 0.000 0.000 0.001 0.000 0.000 0.000

HLS sub 
factor 2

r 0.242** 0.237** 0.115* 0.214** 0.192** 0.887** 0.759**

p 0.000 0.000 0.043 0.000 0.001 0.000 0.000

HLS sub 
factor 3

r 0.258** 0.264** 0.118* 0.236** 0.178** 0.936** 0.762** 0.757**

p 0.000 0.000 0.038 0.000 0.002 0.000 0.000 0.000

HLS sub 
factor 4

r 0.214** 0.189** 0.145* 0.217** 0.145* 0.835** 0.622** 0.613** 0.744**

p 0.000 0.001 0.011 0.000 0.011 0.000 0.000 0.000 0.000

a r – Pearson correlation coefficient, * – p<0.05, ** – p<0.01

Discussion 
It was determined that 50.6% of the participants were 
aware of HPV, but only 39.4% were aware of the HPV 

vaccine. With this result, it can be concluded that almost 
one out of every two young people has no knowledge 
about HPV. 93% of the students had heard of HPV in a 
study conducted with midwifery students. In compari-
son, 16.8% of the students stated that they had heard of 
HPV before in another study conducted with universi-
ty students studying other than health.13,21 A study con-
ducted with university students in Indonesia reported 
that 90% of the youth have heard of HPV, and 68% have 
knowledge of the HPV vaccine.22 It was determined that 
89.7% of the students studying in the health department 
in Romania have heard of HPV, and 32.2% have poor 
knowledge of the HPV vaccine.23 In a study conduct-
ed in Türkiye, it was reported that 58.6% of the youth 
had heard of the HPV vaccine before, and 57.1% were 
doubtful about whether the HPV vaccine would be pro-
tective or not.12 The youth’s knowledge level of HPV and 
its vaccine differs between studies. It can be said that 
the reason for this is related to the differences between 
the panel, countries, and the studied departments. HPV 
vaccines are not sufficiently promoted in Türkiye. The 
fact that the vaccine is provided for a fee and that not 
every individual has the financial means to afford this 
vaccine are barriers to vaccination. We may attribute the 
insufficient knowledge of HPV of the youth participat-
ing in our study to the fact that HPV is not common yet, 
and the HPV vaccine is not included in the vaccination 
schedule in Türkiye. 

Vaccination against HPV is the primary protection, 
and it is recommended by WHO.5 Nearly half of the 
participants have heard of the HPV vaccine, and 38.3% 
have knowledge of the vaccine. In a study conducted in 
Italy, although 42.1% of the participants have heard of 
HPV, only 15.3% know that the vaccine is available in 
the country.24 It was determined that 67.4% of the youth 
in our study know STIs, and more than half of them 
need health education. This indicates that youth do not 
have enough knowledge of HPV and other infections. 
The study conducted with young Thai women revealed 
that the scoring average of knowledge of HPV is mod-
erate, and there is a greater need for health education.25 
Studies indicate that even if there is knowledge of HPV, 
it is not enough. For this reason, it may be said that 
youth, a significant risk group, need a comprehensive 
education. Although the majority of the participants 
in the study were university graduates, it is noteworthy 
that their knowledge of HPV and other STIs was insuf-
ficient. University students need to be informed about 
sexual health.

Our study determined that being a woman, being 
married, and knowing STIs increased the knowledge 
level of HPV. Women generally do not tend to share 
their sexual experiences when they are not married. On 
the other hand, married women may be sensitive about 
gynecological examinations. It is likely that they have 
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been informed about HPV screening during gyneco-
logical examinations. Men, on the other hand, may feel 
more comfortable about HPV transmission. This may be 
due to men’s lack of knowledge about HPV and its risks. 
A study conducted with youth between 18 to 30 in Swe-
den revealed that education level, gender, and econom-
ic income are associated with knowledge of HPV. In the 
same study, most participants knew that HPV is an STI 
and that both men and women can be infected. Howev-
er, it was reported that they did not know that HPV can 
cause cancers other than cervical cancer.26 A study of 
university students in Poland reported that almost three 
quarters of young people did not know that HPV can 
cause oral cancer. However, HPV is responsible for oral 
cancers as well as cervical cancer.27 According to data 
from Türkiye, it is estimated that HPV-related cancers 
affect women more and are approximately five times 
higher in women than men.28 Women are more exposed 
to the negative consequences of HPV and other sexual-
ly transmitted infections. In Türkiye, women who ap-
ply to gynecology outpatient clinics in Türkiye are also 
informed about and administered pap-smears. Howev-
er, there is no platform to inform men about this issue. 
Therefore, men are still one of the effective factors in in-
creasing the spread.

In our study, the HPV-KS total score average 
of the youth was found to be 14.26±7.04. In differ-
ent studies conducted in Türkiye, it was reported that 
the HPV-KS total score average of midwifery students 
was 21.21±4.69, and university students was 14.3±9.7. 
It is thought that the education of midwifery students 
for genital infections and women’s cancers is reflected 
in their scores.16,21 Similar to this situation, in another 
study, it was found that young women studying in the 
fields of medicine and biology had better HPV knowl-
edge than other women.29 It is thought that the low score 
average of the youth participating in our study is due 
to the difference in the number of participants, and the 
participants of people from all educational levels.

In different studies conducted in our country, it is 
seen that health literacy is at a reasonable level. When 
HLS scores were examined in studies conducted in Tür-
kiye, it was determined that surgical patients scored 
100.82±15.62, old individuals scored 113.03±12.24, and 
nursing students scored 107.3±15.1.9,10,11 It was deter-
mined that the HLS total score of youth participating 
in our study was 107.91±16.81, which was good. Health 
literacy may be defined as the individual’s understand-
ing and interpretation of the information and acting 
accordingly when a patient is intended to be provid-
ed with medical information. Therefore, it may be said 
that the health education given to youth in our coun-
try will improve their health behaviors. When develop-
ing health education programs, especially sexual health 
should be included in the curriculum. This will reduce 

the prevalence of cervical and other HPV-related can-
cers in Türkiye in the long term. Deaths, health and eco-
nomic losses due to cancers will improve.

In our study, a positive and significant correlation 
was found between HPV-KS total score and all sub-factor 
scores of the youth, and HLS total score and all sub-fac-
tors total score (p<0.01). In two similar studies con-
ducted at different times, it was determined that health 
literacy increased as young university students’ knowl-
edge level of HPV increased.30,31 Although high health lit-
eracy is a social advantage, HPV and similar STIs should 
be brought to the agenda in broader fields. Information 
about HPV will play an active role in screening tests and 
the spread of the vaccine. Introducing HPV to society will 
inform youth about its possible risks and consequences 
and demand more protection, treatment, or care. 

Study limitations
The limitations of the study include the lack of face-to-
face interviews with young people and lack of motiva-
tion to fill out the study forms. This study cannot be 
generalized due to the lack of access to young people in 
different regions of the country.

Study strengths 
The strengths of this study are that the number of sam-
ples representing the population was reached and the 
scarcity of similar studies in Türkiye.

Conclusion
It was determined that youth in Türkiye have insuffi-
cient knowledge of HPV and its vaccine. Our study re-
vealed that the knowledge level of HPV is low in people 
with low health literacy, men, singles, and those who do 
not know about STIs, and the risk groups that should 
be focused on in solving the problem were determined. 

It should benefit from a good health literacy level, 
and studies should be conducted to inform the youth. 
Information studies should be maintained by public ser-
vice announcements and short notes, primarily through 
social media tools used by youth actively. The centers 
providing screening services should be increased and 
promoted. On the other hand, the HPV vaccine, sold 
for a fee, is recommended to be included in the national 
vaccination program.
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Characteristics of patients with cerebral aneurysms 
and arteriovenous malformations
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ABSTRACT
Introduction and aim. Aneurysms and arteriovenous malformations (AVMs) are both vascular abnormalities that can occur 
simultaneously or separately and increase the risk of intracerebral hemorrhage. The aim of this research was to characterize 
patients with intracranial aneurysms and AVMs.
Material and methods. This retrospective research was based on analysis of Digital Subtraction Angiography. The research 
group consisted of 118 patients. StatSoft STATISTICA 13 was used for the statistical analysis of parameters, such as dimensions 
and vascularization pattern of vascular abnormalities.
Results. The total number of aneurysms described was 168. In addition, 33 patients with cerebral aneurysms were also diag-
nosed with cerebral AVMs. The average dimensions of the aneurysms were 6.33mm, 95% CI (5.47 7.18) × 4.76mm, 95% CI (4.09, 
5.43). The abnormalities were found in the extent of circulation of ACA (anterior cerebral artery) 50 (29.76%), ICA (internal ca-
rotid artery) 48 (28.57%), MCA (middle cerebral artery) 26 (15.48%), PCA (posterior cerebral artery) 23 (13.69%).  There were 76 
(64%) patients with diagnosed single aneurysms and 42 (36%) with multiple.
Conclusion. Aneurysms are more likely to occur singly than multiply. The majority are located within the vascularization of the 
ACA. Aneurysms can coexist with AVMs, which increases the risk of rupture. 
Keywords. aneurysm, arteriovenous malformation, digital subtraction angiography
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Introduction
Intracranial aneurysms are defined as pathological dil-
atations of cerebral vessels characterized by a relative-
ly frequent occurrence.1 This vascular pathology affects 
approximately 2‒5% of the adult population.2 Although 
cerebral aneurysms occur in both men and women, the 
female gender, especially in the postmenopausal age, is 
thought to predispose to their formation.3 Aneurysms 
within the cerebrum can be divided into congenital le-
sions, which are in the minority, and acquired lesions, 
which occur far more frequently and whose formation is 
particularly associated with risk factors such as older age, 
atherosclerosis, hypertension, smoking, alcoholism and 

connective tissue diseases.4,5 In addition, the significant 
aspect associated with the formation of brain aneurysms 
are genetic factors, primarily family occurrence, hered-
itary diseases such as polycystic kidney disease and tu-
berous sclerosis, as well as some genetic syndromes such 
as Ehlers-Danlos syndrome and Marfan syndrome.6-9 
Brain aneurysms are also classified according to their 
vascular structure (angioarchitecture). A distinction is 
made between saccular and fusiform aneurysms.10 The 
coexistence of arteriovenous malformations (AVMs) 
with cerebral aneurysms is another significant issue. 
AVMs are vascular malformations that involve the for-
mation of fistulas between arterial and venous vessels 
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without an intermediate capillary bed.11 Cerebral an-
eurysms are more common in people diagnosed with 
AVMs than in those without such lesions.12 Intracrani-
al aneurysms are a significant medical problem because, 
due to rupture, they can lead to intracranial hemorrhag-
es, potentially resulting in death or severe disability.13 
The previously mentioned coexistence of aneurysms and 
AVMs is a significant risk factor for such bleeding.14 Un-
ruptured Intracranial Aneurysms can cause nonspecific 
symptoms such as headache, nausea, or dizziness. An-
eurysms of larger size can compress the cranial nerves, 
which may lead, for example, to visual impairments such 
as double vision, drooping of the eyelid or deterioration 
of visual acuity. Unfortunately, a significant number of 
aneurysms do not cause any symptoms for many years, 
which leads to many patients not being diagnosed be-
fore a life-threatening event occurs. It is only at the time 
of rupture that the patient experiences a sudden, very 
severe headache described as” the most intense head-
ache of one’s life”, which may be accompanied by nausea, 
vomiting, nuchal rigidity, photophobia, convulsions and 
impaired consciousness. A great majority of cases of an-
eurysm rupture result in unconsciousness.15

Since unruptured brain aneurysms may not cause 
any symptoms, their diagnosis is significantly more 
difficult. For this reason, they are often diagnosed in-
cidentally. Imaging examinations such as computed to-
mography (CT), digital subtractive angiography (DSA) 
or magnetic resonance imaging (MRI) are used in de-
tecting both aneurysms and AVMs.16-17 Considering the 
severe consequences of ruptured aneurysms and AVMs, 
there are attempts to look for other diagnostic meth-
ods that would help detect these vascular pathologies 
in the prodromal period. Among the potential options 
for early diagnosis of aneurysms are biomarkers from 
blood or cerebrospinal fluid (CSF) samples. In the pro-
cess of aneurysm formation and rupture, inflammato-
ry and cell adhesion molecules, enzymes or hormones 
are involved. Some of those that are associated with the 
inflammatory process, such as MPO, GM-CSF, MCP-1 
and other cytokines could potentially be used in the fu-
ture as biomarkers for the diagnosis of cerebral aneu-
rysms.18 A potential inflammatory parameter that could 
be useful in the diagnosis of brain aneurysms is inter-
leukin-6, which is increased in the cerebrospinal fluid of 
patients with unruptured cerebral aneurysms.19 Anoth-
er example of such biomarkers could be proteins that 
build the walls of blood vessels. In the study titled: Intra-
cranial Aneurysm Biomarker Candidates Identified by a 
Proteome-Wide Study, researchers observed increased 
levels of the ORM1 glycoprotein in a group of patients 
with unruptured aneurysms.20 There is reason to suspect 
that ORM1 shows potential to be used as a biomark-
er in future screening of unruptured aneurysms.20 The 
inflammatory process, as in the case of aneurysms, has 

an important role in the pathogenesis of the formation 
of AVMs. Significant activity of proinflammatory cyto-
kines can be observed, resulting in overexpression of 
cell adhesion molecules. It leads to the recruitment of 
leukocytes secreting metalloproteinase-9, which dam-
ages the walls of AVMs, finally causing the rupture of 
vascular pathology. Because of this, it can be assumed 
that there is a possibility of using inflammatory param-
eters, such as proinflammatory cytokines or metallopro-
teinase-9, as biomarkers for the diagnosis of AVMs.21 In 
addition, with the progressive development of technol-
ogy, the opportunity to use artificial intelligence (AI) 
in the diagnostic process of intracranial aneurysms is 
being recognized.22 Given the high risk of death or in-
jury from hemorrhage caused by ruptured aneurysms, 
patients diagnosed with aneurysms must be qualified 
for intervention. Several treatment approaches can be 
identified. First of all, surgical techniques and percuta-
neous embolization procedures are distinguished. The 
choice of the type of therapy depends on many factors, 
such as the morphology of the vascular lesion, the pa-
tient’s medical condition and preferences.23 In addition 
to surgery, other forms of treatment for aneurysms are 
being investigated. Pharmacological treatment may be 
considered as one of the options. A number of research 
suggests that some of the commonly used drugs for car-
diovascular disease (statins, calcium channel blockers 
and angiotensin receptor antagonists) may have a ap-
plication in the preventive treatment of unruptured in-
tracranial aneurysms.24 A significant clinical problem 
involving the treatment of patients with cerebral aneu-
rysms is the issue of SARS-CoV-2 virus infection. Due 
to the high infectivity that SARS-CoV-2 virus has, many 
patients with vascular disease are at risk of coronavi-
rus infection, including its severe course. SARS-CoV-2 
enters cells through angiotensin-converting enzyme 2 
(ACE2), which serves as a receptor for the virus. SARS-
CoV-2 attacks epithelial cells and induces inflammation, 
leading to damage of the vascular endothelium. For this 
reason, people with cerebral aneurysms have a risk of 
developing vascular complications. Because of this dan-
ger, people with such vascular pathologies, should be es-
pecially considered as a group at higher risk for a more 
severe course of SARS-CoV2 virus infection.25

Aim
To characterize and compare vascular abnormalities in 
patients diagnosed with intracranial aneurysms. To in-
vestigate whether aneurysm diameter depends on the 
presence of AVMs.

Material and methods
The research was based on analysis of anonymized ar-
chival data obtained by digital subtractive angiography 
(DSA) imaging performed by multi-row CT scanner (GE 
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Optima CT 660) with usage of Seldinger wire technique. 
All examinations were performed at the University Hos-
pital in Krakow. The data was collected from descriptions 
provided by experienced radiologists. The data included 
age and gender of patients, the size of diagnosed intra-
cranial aneurysms, considering the maximum and min-
imum dimensions of vascular lesions, the presence of 
single and multiple aneurysms, their vascularization and 
the presence of arteriovenous malformations.

The research group consisted of 118 patients who 
were diagnosed with intracranial aneurysms, 33 of 
whom also had coexisting cerebral arteriovenous mal-
formations. All patients were hospitalized in the Uni-
versity Hospital of Krakow between 2015 and 2022. The 
patients were divided into two groups:

Group 1 ‒ patients diagnosed only with intracrani-
al aneurysms,

Group 2 ‒ patients diagnosed with both aneurysms 
and AVMs. 

In addition, the relationship of aneurysm vascular-
ization to AVMs was analyzed in Group 2. Group 2 was 
divided into subgroups as follows: 

Subgroup 2.1 intranidal aneurysms,
Subgroup 2.2 flow-related aneurysms,
Subgroup 2.3 aneurysms unrelated to the shunt flow 

to the AVM. 
Intranidal aneurysms are those located inside the 

boundaries of the AVM nidus. Flow-related aneurysms 
are those occurring along the course of arteries impli-
cated in the perfusion of the nidus and, as such, are 
hemodynamically related to the AVM. The last group 
involves aneurysms unrelated to the shunt flow to the 
AVM, meaning they are located beyond the arteries vas-
cularizing the AVM.

Since coexistence of AVM and aneurysm is well 
documented, it is very important to evaluate whether 
there is correlation between size of aneurysm and the 
coexistence with AVM.12 Therefore, a comparison of 
the dimensions of the aneurysms between Group 1 and 
Group 2 was analyzed.

StatSoft STATISTICA 13 software was used to statis-
tically analyze the collected data regarding the investi-
gated cerebral vascular abnormalities. Significance level 
was set at 5% (p<0.05). Nonparametric test was used 
due to uneven sample size.  

Results
The structure of analyzed population is presented in Ta-
ble 1. The dimensions of the aneurysms analyzed in the 
research are presented in Table 2.

The prevalence of single and multiple aneurysms 
was one of the factors investigated. The whole research 
group included 76 (64%) patients with single aneurysms 
detected and 42 (36%) patients diagnosed with multiple 
aneurysms. There were 56 patients (66%) in the group 1, 

and 20 (61%) patients with diagnosed single aneurysms 
in the group 2. In contrast, patients with multiple intra-
cranial aneurysms were 29 (34%) in the group 1 and 13 
(39%) in the group 2.  

Table 1. Structure of analysed population
Characteristics Group 1 Group 2 All patients

Patients, n (%) 85 (72%) 33 (28%) 118

Gender, n (%) Women Men Women Men Women Men

53 (62%) 32 (38%) 20 (61%) 13 (39%) 73 (62%) 45 (38%)

Age in years, means 60 44 55

61 58 42 45 56 54

Table 2. The dimensions of the aneurysms analyzed in the 
research

Characteristics Cases, n
Maximum 
dimension 

(millimeters)
95% CI

Minimum
dimension 

(millimeters)
95% CI

All patients 168 6.33 5.47, 7.18 4.76 4.09, 5.43

Group 1 119 6.22 5.26, 7.19 4.65 3.89, 5.41

Group 2 49 6.51 4.68, 8.34 5.12 3.68, 6.56

In the overall studied population, multiple aneu-
rysms were more common in women (22% of all wom-
en) than men (14% of all men).

In group 1, 119 aneurysms were diagnosed in pa-
tients. Of these, 24 patients had 2 aneurysms and 5 pa-
tients had 3 aneurysms.

In group 2, 49 aneurysms were diagnosed in pa-
tients. Of these, 10 patients had 2 aneurysms and 3 
patients had 3 aneurysms coexisting with AVMs. The 
number of intranidal aneurysms (Subgroup 2.1) was 11 
(22.5%), flow-related aneurysms (Subgroup 2.2) was 27 
(55%) and aneurysms unrelated to the AVM’s vascula-
ture (Subgroup 2.3) was 11 (22.5%).
The next feature analyzed was the vascularization of the 
aneurysms. The vascular abnormalities investigated had 
their arterial supply among the following vessels:  

	– anterior cerebral artery (ACA), 
	– middle cerebral artery (MCA), 
	– posterior cerebral artery (PCA),  
	– cerebellar arteries, 
	– internal carotid artery (ICA), 
	– other arterial vessels. 

Among the entire group of patients, the most com-
mon arteries that provided aneurysmal vascularization 
were the anterior cerebral artery (50 aneurysms vascu-
larized) and the internal carotid artery (48 aneurysms 
vascularized). Other aneurysms were found in the ex-
tent of circulation of MCA (26 aneurysms vascularized), 
PCA (23 aneurysms vascularized), cerebellar arteries 
(19 aneurysms vascularized) and other arterial vessels 
(2 aneurysms vascularized). Also in the group 1, both 
the ACA and ICA were the most numerous arterial sup-
plies (40 and 39 vascularized aneurysms, respectively). 
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In contrast, in the group 2, the cerebellar arteries (12 
vascularized aneurysms) and the ACA (10 vascularized 
aneurysms) were the most common arterial supplies.

Aneurysms dimensions were compared between 
group 1 (49 observations) and 2 (119 observations). Nei-
ther of them were proven to be statistically significant 
different using Mann-Whitney U test, z(dimension 1) = 
-0.434, p(dimension 1) = 0.6657, z(dimension  2) = 
0.687, p(dimension 2) = 0.4942. 

Discussion
According to the existing knowledge on the epidemiol-
ogy of aneurysms, females predominate also among the 
research group, especially in the postmenopausal age.3,5 
In both analyzed groups, the distribution of patients by 
gender is similar, with a female predominance. The pa-
tients with coexisting aneurysms and AVMs had a lower 
age of lesion detection. This may indicate a predisposi-
tion to aneurysm formation among patients with AVMs. 
In this study, there was a correlation between the pres-
ence of an aneurysm and arteriovenous malformation to 
a significant extent (77.5% of aneurysms associated with 
AVM vascularization), which is also confirmed by other 
studies.26 It is worth noting that the size of aneurysms in 
patients with AVMs is not statistically larger than those 
without. However average age of people in this group 
is significantly lower than in the group without AVMs, 
which may lead to the conclusion that there is a particu-
lar cause such as a genetic component that lowers the age 
of developing an aneurysm. There is also a theory that 
increased blood flow to the AVM results in the creation 
of an aneurysm.27 Greater dimensions of aneurysms may 
potentially affect higher risk of their rupture.28 There is a 
significant proportion of individuals with multiple aneu-
rysms in the research population, which could indicate 
the presence of specific syndromes that predispose to an-
eurysm formation. In addition, the incidence of multi-
ple aneurysms in the group with malformations is only 
slightly higher than in the group without malformations. 
This raises the observation that the presence of malfor-
mations significantly increases the size of aneurysms, but 
not necessarily the number of aneurysms. Multiple an-
eurysms pose a significant problem because with each 
subsequent aneurysm the risk of rupture and thus hem-
orrhage increases.29 Among the group 1, the most com-
mon arteries associated with aneurysms were the internal 
carotid artery and the anterior cerebral artery (which the 
research also included the anterior communicating ar-
tery), which may be related to the tendency for aneu-
rysms to form at the bifurcations.30 Also notable is the 
higher proportion of cerebellar artery aneurysms in peo-
ple with arteriovenous malformations. This may be relat-
ed to a greater susceptibility to changes in the structure of 
this artery in people with a concomitant tendency to form 
malformations. The study highlights the increased prev-

alence of multiple aneurysms compared to other studies, 
which may raise further questions about the reasons for 
this prevalence in the study population.31 Higher number 
of multiple aneurysms were present both in women and 
men. It shows that it is important to search for more an-
eurysms if one is detected. Moreover, the paper points out 
the need to follow-up people with AVMs because of the 
risk of future aneurysms. 

There are limitations to this study, which are mainly 
due to the lack of access to clinical data of the patients 
included in the analysis and the lack of follow-up. Part 
of the reason for this is the fact that patients who have 
imaging examinations performed at the Radiology De-
partment of the University Hospital are not necessarily 
being hospitalized there while referrals for examina-
tions rarely include detailed clinical data of the patient.

Conclusion
Intracranial artery aneurysms are one of the most com-
mon vascular abnormalities of the brain. Rupture of an 
aneurysm can cause serious complications, primarily 
being a life-threatening condition due to subarachnoid 
hemorrhage. Aneurysms occur in a variety of locations 
and sizes. These abnormalities more often occur singly 
than multiply, however the amount of multiple aneu-
rysms is significant. The majority of aneurysms are lo-
cated within the vascularization of the ACA and ICA. 
With advances in radiology, there are increasing num-
bers of opportunities for early detection of aneurysms 
and appropriate management before developing com-
plications, especially in patients at greater risk of their 
development. However, more research is needed to spe-
cifically focus on early detection of patients at risk of 
vascular abnormalities and their proper treatment.
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ABSTRACT
Introduction and aim. Poorly soluble isoflavonoid genistein is known as an anti-nematode agent and also it decreases the risk 
of certain types of cancer. The biological activity of genistein is limited mostly by its low solubility. Therefore many attempts 
to increase genistein solubility in water were reported. We applied a polyamidoamine dendrimer, modified its surface by glyc-
idylation, and used this macromolecule as a guest for genistein. 
Material and methods. Polyamidoamine dendrimer 3rd generation was substituted with 64 glycidol residues to obtain a mac-
romolecule host for genistein. The stoichiometry of this host-guest complex was determined. The complex was tested for 
skin model permeability, toxicity on fibroblast (BJ) and keratinocyte (HaCaT) cell lines in vitro and anthelmintic activity on the 
Caenorhabditis elegans nematode. 
Results. The partition coefficient of genistein between octanol and water was determined (KO/W). The 1:1 host-guest complex 
was isolated and used as drug delivery system for genistein delivery. PAMAM G3 glycidyled dendrimer containing genistein 
indicated an anthelmintic activity at 50 µM concentration.
Conclusion. The solubility of genistein in water increases 640 times in presence of an equimolar concentration of the den-
drimer. One molecule of host dendrimer encapsulates 3 molecules of genistein. The encapsulate is an efficient anti-nematode 
formulation.
Keywords. C. elegans, fibroblast BJ toxicity, genistein, keratinocyte HaCaT toxicity, PAMAM dendrimer
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Introduction
Genistein (5,7-dihydroxy-3-(4’-hydroxyphenyl)
chromen-4-one) is a trihydroxyisoflavone (Fig. 1) which 
is considered as a phytoestrogen of rather low bioavail-
ability due to its hydrophobic character.1 Soy based diets 
deliver isoflavonoids (IFLs) into the digestion system. 
Among them, genistein (GEN) and its 7-O-glucosides 

are absorbed in the small intestine (10%) within the first 
2 hours and then in the large intestine (90%) within 4-6 
hours, where gut bacteria release GEN. Detailed studies 
(absorption, distribution, metabolism, and excretion) of 
IFLs after soy intake were performed based on urinary 
and plasma levels of IFLs.1 Biological activity of IFLs in 
humans is rather low. Generally IFLs are suggested to 
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protect against many chronic diseases (including coro-
nary heart diseases, subclinical atherosclerosis, type 2 
diabetes), and decrease the risk of certain types of can-
cer such as breast and prostate cancers.
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Fig 1. Formula of GEN with atom numbering

On the other hand, IFLs including GEN are an-
ti-nematode agents. IFLs were demonstarted to impede 
soybean cyst nematode (SCN) by influencing sex ra-
tios and the number of female eggs. GEN was shown 
to strongly influence the physiological index of SCN in 
a dosage and time dependent way.2 When SCNs were 
exposed to 0.37 mM GEN (100 µg/mL) aqueous solu-
tion (with 1% DMSO), a 50% reduction of SCN mobility 
(measured by reversal frequency assay), ca 35% reduc-
tion of oxygen consumption, and severe body leaking 
after 24 hours treatment were observed.

Another nematode model organism, a transgen-
ic Aβ-expression Caenorhabditis elegans strain CL4176 
was used to determine the ability of IFLs to alleviate Aβ 
expression-induced paralysis in C. elegans, which cor-
related with a reduced level of hydrogen peroxide and 
β amyloid.3 This relationship was observed only for gly-
citein, not for GEN. The authors concluded that the 
neuroprotective effect of phytoestrogens is due to their 
anti-oxidative activities.

Inspired by the potential health beneficial effects of 
GEN intake and reported high membrane permeability 
of GEN across Caco-2 cell monolayers and effective ef-
flux of GEN,4 Shen et al. designed a Drug Delivery Sys-
tem for GEN delivery.5 GEN was entrapped in micelles 
prepared from Soluplus® and α-Tocopheryl polyeth-
ylene glycol 1000 succinate (TPGS) in order to improve 
GEN solubility and thus oral bioavailability of GEN. Mi-
celles 185 nm in size were loaded with GEN up to al-
most 4% DL and then tested in vitro for GEN delivery. 
Thus, GEN was dispersed in the mixed micelles (M) to 
an apparent concentration of 1.5 mg/mL, while GEN 
solubility in water is much lower (1.3 µg/L).6 GEN was 
released from GEN-M dissolved in methanol in dialytic 
conditions into saline buffer with surfactants with 4-fold 
higher efficiency than GEN alone. The apical-basolateral 
permeability through Caco-2 cell monolayer was slight-
ly higher for GEN-M than that for GEN, which resulted 
in decrease in efflux ratio from 0.84 for GEN into 0.73. 
Finally, the pharmacokinetic studies on rats revealed the 
4-fold increase of GEN levels in plasma with a maxi-

mum at 0.7 hour for GEN-M in comparison with 1.0 
hour Tmax for GEN alone. Many other DDSs for GEN 
delivery were discovered, which slightly improved solu-
bility and permeability of GEN, and the subject was re-
cently reviewed.7 

Aim
We have designed the DDS for GEN delivery based 
on a modified polyamidoamine (PAMAM) dendrim-
er generation 3. The native dendrimer was used before 
to encapsulate riboflavin and 8-methoxypsoralene for 
transdermal delivery.8,9 However, recently, we modified 
the G3 dendrimer by glycidylation in order to eradicate 
primary amine groups of native G3.10 Those G3gl den-
drimers were very well soluble in water and efficient-
ly internalized into normal human fibroblasts and two 
cancer lines within 1 hour. 

Material and methods
Materials
Genistein (>98% purity) was purchased from Merck 
KGaA (Darmstad, Germany). Third generation poly-
amidoamine dendrimer (G3) was synthesized ac-
cording to Tomalia’s protocol and then modified by 
conversion of primary amine groups into bis-2,3-di-
hydroxypropylamine groups as was described before 
to yield G3gl (molecular weight 11645 Da).10,11 HaCaT 
keratinocytes were purchased from CLS Cell Lines 
Service GmbH (Eppelheim, Germany) and BJ normal 
human fibroblasts from American Type Culture Col-
lection (Manassas, VA 20108, MA, USA). Dulbecco’s 
Modified Eagle Medium supplemented with sodium 
pyruvate, L-glutamine, high glucose (DMEM) was pro-
vided by Biological Industries (Cromwell, CO, USA), 
and fetal bovine serum by Gibco (Waltham, MA, USA). 
Penicillin and streptomycin solution, phosphate-buff-
ered saline (PBS) with and without magnesium and 
calcium ions were provided by Thermo Fisher Scien-
tific Inc. (Waltham, MA, USA). Trypsin–EDTA solu-
tion, 0.4% trypan blue solution, dimethylsulfoxide 
(DMSO) for molecular biology, 5-fluoro-2´-deoxy-uri-
dine (FUdR) and other chemicals and buffers were 
purchased from Merck KGaA (Darmstadt, Germa-
ny). Alamar Blue test was purchased from Sigma, (Life 
Technologies, Bleiswijk, The Netherlands). Cell culture 
dishes and materials were from Nunc (Roskilde, Den-
mark), Corning Inc. (New York, NY, USA) or Googlab 
Scientific (Rokocin, Poland). Reagents used to culture 
of C. elegans nematode were supplied by Sigma-Al-
drich (Saint Louis, MO, USA) or Carl Roth GmbH & 
Co., KG (Karlsruhe, Germany).

Methods
The 1-D 1H and 13C NMR spectra and 2-D 1H-1H cor-
relations spectroscopy (COSY), 1H-13C heteronuclear 
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single quantum correlation (HSQC), and heteronuclear 
multiple bond correlation (HMBC) spectra were re-
corded in DMSO-d6 using Bruker 300 MHz instrument 
(Rheinstetten, Germany) at College of Natural Sciences, 
University of Rzeszow. 

UV-Vis spectra were recorded with Hitachi U-1900 
spectrometer (Tokyo, Japan).

The permeation GEN and GEN@G3gl was studied 
using Franz diffusion assembly (Thermo Scientific (UK) 
model DC 600) equipped with 6 cm3 acceptor compart-
ments. Polyvinydifluoride (PVDF, 0.125 mm thickness) 
or prepared rabbit skin (RS, 0.55 mm thickness) model 
membranes were used for permeation studies.

Partition of GEN between octanol and water containing 
host G3gl

Analytical protocols used in partition experiments and 
transdermal diffusion experiments (vide infra) required 
determination of extinction coefficients in various sol-
vents. The UV-vis spectra were taken in water, ethanol, 
octanol, and in 70% aqueous phosphate buffered pH 7.4 
and 30% ethanol (receiving solution in diffusion tests) 
are shown at Figure 2. 

Solubility of GEN in octanol was determined by sus-
pending 5.1 mg GEN in 5 mL octanol, stirring the mix-
ture at 25 °C for 12 hours, filtration off the undissolved 
octanol, and determination of GEN concentration us-
ing previously determined extinction coefficient at 336 
nm, e336=3.52×103 mol-1×dm3×cm-1. Finally, the 3.77 M 
concentration of GEN in octanol saturated solution was 
elucidated.

Fig. 2. The UV-Vis spectra of GEN in various solvents. Only 
part of GEN spectrum in octanol is shown (dashed line) due 
to high absorption of octanol below 290 nm

In o/w partition experiments, 60 mM solutions of 
GEN in octanol was prepared. Several partition exper-
iments were performed by equilibration of 10 ml GEN 
in octanol against 10 ml of water, 0.21 mM G3gl (aq), 
0.63 mM G3gl (aq), 0.63 mM G3gl (aq), 1.91 mM G3gl 

(aq), and 5.70 mM G3gl (aq) with vigorous magnetic stir-
ring at 25C for 48 hours. Then, the aqueous and octanol 

phases were separated and concentration of GEN in oc-
tanol (l=336 nm, e336=3.52×103 mol-1×dm3×cm-1) and in 
water  (l=255 nm, e255=3.82×104 mol-1×dm3×cm-1) were 
determined spectrophotometrically. Thus the partition 
coefficients logKOW=log(co/cw) were obtained in func-
tion of concentration of G3gl. The results are presented 
graphically in the Figure 3.

Fig. 3. The values of octanol/water partition coefficient in 
function of concentration of the host dendrimer G3gl in the 
water phase

Transdermal permeation of GEN and GEN@G3gl encap-
sulate
To analyze the ability of GEN to diffuse through skin 
models, synthetic polyvinyldifluoride (PVDF) and pre-
pared rabbit skin (RS) were studied using hydroxyethyl-
cellulose-based hydrogel as delivery form and a mixture 
of phosphate-buffered water pH 7.4 (70 %) and ethanol 
(30 %) as receiving solutions. The ability of GEN (guest) 
to release from the dendrimer (host) and from hydrogel 
followed by permeation of skin model was monitored 
spectrophotometrically at 266 nm (lmax, e266=4.0×104 
mol-1×dm3×cm-1). The delivery gels were prepared as fol-
lows: 1:1 G3gl : GEN solution was prepared by dissolving 
0.7386 g G3gl in 4.0 ml water, 17.1 mg GEN in 1.5 mL eth-
anol and mixing the solutions. The mixture was stirred 
at 50°C for 2 hours and then cooled to room tempera-
ture. The final concentrations of GEN and G3gl were both 
11.5 mM. In the meantime, the hydrogel was prepared 
by addition of 0.75 g hydroxyethylcellulose to phos-
phate-buffered water (25 mL). After homogenization, 0.5 
mL of 11.5 mM GEN or G3gl : GEN solution was added to 
freshly prepared gel and homogenized rapidly to obtain 
the delivery system. Typically 0.32 g of delivery sample 
was mounted topically on membrane of a Franz chamber 
filled with 6 ml receiving solution below the membrane 
(PVDF or RS). The initial amount of GEN in the mount-
ed sample was between 16 and 20 µg (ca 75 nmoles) and 
equimolar amounts of G3gl. The receiving solution (6 mL) 
was removed in 2 hr time intervals and replaced with new 
portions. The concentration of GEN in receiving solution 
was quantified by measurements of absorption at 266 nm. 
The results are presented as cumulative percentage of re-
leased GEN in time for PVDF and RS vs time (vide infra).
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Cell cultures
BJ human normal skin fibroblasts, doubling time 1.9 
day, and HaCaT human immortalized keratinocytes, 
doubling time 24 hours, were propagated in a DMEM 
medium supplemented with 10% FBS, and 100 U/ml 
penicillin, 100 μg/ml streptomycin. Cells were cultured 
at 37°C in 5% CO2 atmosphere and 95% humidity, with 
growth medium changed every 2–3 days and passaged 
at 60-80% confluence, using 0.25% trypsin-0.03% eth-
ylenediaminetetraacetic acid in PBS (calcium- and mag-
nesium-free). Cell morphology was checked under the 
Nikon Eclipse TE2000 inverted microscope (Tokyo, Ja-
pan) equipped with phase contrast. The number and 
viability of cells were estimated by the trypan blue ex-
clusion test, with Automatic Cell Counter TC10™ (Bio-
Rad Laboratories, Hercules, CA, USA).

Cytotoxicity of GEN, G3gl and GEN@G3gl encapsulate 
Alamar Blue assay
BJ or HaCaT cells were seeded in flat-bottom 96-well 
culture plates at a density of 1×104 cells/well (200 µL 
cell suspension/well) and allowed to attach for 24 hours. 
After culture medium removal, GEN, G3gl and GEN@
G3gl in the concentration range 1‒100 µM were added 
(100 µL/well) and incubated for 24 hours. Then, test-
ed drugs solutions (GEN, G3gl and GEN@G3gl) were as-
pirated and 60 µM resazurin solution was added (100 
µL/well). The plates GEN@G3gl were incubated at 37°C 
for 2 hours. After that,  the fluorescence was measured 
at λ=570 nm with a microplate reader (Thermo Fish-
er Scientific, Waltham, MA, USA). The control sample 
were cells (BJ and HaCaT separately) grown in DMEM 
medium without addition of tested samples, for which 
viability was assumed to be 100%. An experiment was 
performed in three independent assays in triplicate.

Toxicity against Caenorhabditis elegans 
The C. elegans nematode wild-type culture (strain N2, 
variety Bristol) was used to estimate the in vivo activity 
of the G3gl and GEN@G3gl as described earlier.12 After 
the transfer of nematodes to a 96-well plate (about 20 
individuals in 50 µL), the solutions of the studied com-
pounds in a complete medium were added (50 µL/well). 
The maximal DMSO final concentration was equal to 
0.2% and had no significant influence on nematode via-
bility. Five replicates were made for each concentration. 
The plate was incubated at 21 °C for seven days. During 
this time, live and dead worms were counted under an 
inverted microscope (Delta Optical IB-100). 

Statistical analysis
To estimate the differences between treated samples and 
non-treated controls for the cell culture assays, a nonpara-
metric Kruskal–Wallis test was performed because the 
data did not show signs of a normal distribution. To ana-
lyze differences in nematode viability between the control 
and the nematodes incubated with dendrimer and encap-
sulate, the Kaplan-Meier estimator was used. Statistically 
significant differences against thee control were deter-
mined with Gehan’s Wilcoxon test. The p<0.05 was con-
sidered statistically significant. Analyses were performed 
with Statistica 13.3 software (StatSoft, Tulsa, OK, USA).

Results and discussion
Stoichiometry of host-guest encapsulates
Genistein (GEN) was characterized by the 1-D 1H, 13C, 
and heteronuclear HSQC, and HMBC NMR spectros-
copy. 2-D NMR measurements enabled us to unambig-
uously assign the 1H and 13C resonances (Fig. 4). 

Then the G3gl dendrimer in D2O was titrated with 
GEN in order to determine the ability of the host to en-
capsulate the guest. The starting spectrum of G3gl in D2O 

Fig. 4. The 2-D HSQC/HMBC combined map and 1-D spectra of GEN in DMSO-d6 with spectral assignments. For atom 
numbering, the semi-structural formula of GEN is shown
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(9 mM) is presented at Figure 5A. To this, a solution GEN 
in DMSO-d6 (125 mM) was added stepwise until no pre-
cipitate was formed. The 1H NMR spectra of the solutions 
are presented at Figure 5, traces B-D. We found that the 
maximum concentration of GEN in the mixture was 31 
mM (Fig. 5D); above this, the GEN (or GEN@G3gl encap-
sulate) precipitated upon addition to the aqueous solu-
tion. Thus, we concluded that solubility of GEN in water 
increased from 4.8 µM to 31×103 µM concentration in 
presence of G3gl host, i.e. four orders of magnitude. Fur-
thermore, the molar stoichiometry of the GEN@G3gl en-
capsulate was finally at least 3.5:1 GEN:G3gl (Fig. 5D).

Skin permeation	
GEN is known to be highly hydrophobic. We mea-
sured the KO/W parameter using standard procedure 

of partition between octanol and water.13 We obtained 
logKO/W=3.34, which was close to the value of 3.04 de-
termined before.13 Then we determined the logKO/W in 
presence of various concentrations of the G3gl host in 
the water phase (Fig. 3). We found that KO/W decreased 
almost two orders of magnitude in presence of 5.7 mM 
G3gl in water phase, namely from 2157 to 33.7 (corre-
sponding to logKO/W 3.34. and 1.53, respectively). We 
have assumed that the highly hydrophobic G3gl host 
was absent in the octanol phase, which is reasonable 
considering that logKO/W=-2.24 in case of PAMAM G3 
dendrimer,14 indicating that solubility of that hydro-
philic dendrimer in water is 5754 times higher than in 
octanol. From partition experiments, we conclude that 
GEN@G3gl encapsulate loses the guest GEN molecule, 
which is promising in terms of biological conditions 
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Fig. 5. 1H NMR titration of G3gl (in D2O) with GEN (in DMSO-d6). A – spectrum of G3gl in D2O (ca 9 mM concentration); 
B – D: spectra of solution containing G3gl and 1.1, 1.6, and 3.4 equivalents of GEN; E – spectrum of GEN in DMSO-d6. The 
residual resonances of HDO, DMSO-d5, and methanol are labeled with asterisks. The [128H] integral intensity signal of 
2,3-dihydroxypropyl substituents (64 residues) centered at 3.5 ppm were used as an internal reference
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which might be met when GEN@G3gl in water is deliv-
ered into tissue.

Considering the determined stoichiometry achiev-
able in aqueous environment (at least 3 GEN per 1 G3gl 
host) we obtained the encapsulate 1:1 GEN:G3gl and 
tested this as DDS in skin permeation experiments, as 
well as toxicity against human cell lines and C. elegans. 

Skin permeation of GEN was tested using hy-
droxyethylcellulose hydrogel as a donor, polyvinyldi-
fluoride (PVDF) and freshly prepared rabbit skin (RS) 
membranes as skin models, and phosphate buffered wa-
ter/ethanol receiving solutions. The amount of transferred 
GEN from donor into receiver was determined spec-
trophotometrically within 48 hours (Fig. 6 and 7). The 
cumulative amount of GEN permeated through PVDF in-
dicated 3-fold enhancement of GEN release from encap-
sulate GEN@G3gl donor in comparison with GEN alone 
in donor. The time of 10% GEN transfer, t0.1 was used as 
comparative parameter. Thus the estimated t0.1 was 3.2 ± 
0.2 hour in case of GEN@G3gl, while 6.50.2 hour in case 
of GEN alone (Fig. 6). The values of t0.1 for GEN@G3gl 
were shorter than those obtained in similar delivery sys-
tem for 8-methoxypsoralen in PAMAM G3 and G4 den-
drimers, which were 6.5 and 9.0 hours,9 respectively as 
well as riboflavin in PAMAM G3,5 dendrimer, which was 
determined as 6.5 hours.8 The release of GEN from both 
hydrogel and from GEN@G3gl in hydrogel was relatively 
fast; the control experiment after 24 hours indicated that 
permeation was completed within the first 12 hours.

Fig. 6. The permeation of GEN from hydrogel containing 
GEN and GEN@G3gl encapsulate through PVDF. Standard 
deviation for 5 times repeated experiments was not higher 
than 1.5%

In case of permeation through rabbit skin, the re-
lease of GEN from hydrogel and GEN@G3gl was stopped 
after 32 hours of experiments (Fig. 7). No statistically 
relevant enhancement of GEN release from GEN@G3gl 
versus GEN alone in the hydrogel donor was found, 
although the release of GEN from encapsulate was ca 
1% faster than from GEN in hydrogel within first 30 
hours. Because no 10% of transfer was achieved in ei-
ther case, the time of 3% transfer was chosen for com-

parison with other results, t3%. Thus the t3%=7.5±0.2 hour 
was determined for GEN release from GEN@G3gl, while 
it was 12.0±0.2 hour for GEN alone. For comparison 
t3%=1.5±0.1 hours was determined for riboflavin release 
from riboflavin – PAMAM G3 encapsulate in o/w emul-
sion through porcine skin membrane and 7.4±0.1 hour 
for 8-methoxypsoralen in PAMAM G3 in an analogous 
experiment.8,9 Generally, only a slight increase of rabbit 
skin permeation was observed in case of GEN@G3gl en-
capsulate in comparison with GEN alone. Presumably 
the reason is highly hydrophobic conditions within the 
skin, promoting GEN release already in the rabbit skin 
tissue. The kinetics of GEN permeation is thus limited 
by diffusion of GEN though RS. 

Fig. 7. The permeation of GEN from hydrogel containing 
GEN and GEN@G3gl encapsulate through rabbit skin. 
Standard deviation for 5 times repeated experiments was 
not higher than 0.3%

	
Kitagawa et al. used w/o microemulsions prepared 

from isopropyl myristate (oil phase), 150 mM NaCl(aq), 
ethanol and Tween 80 surfactant to enhance the solubil-
ity of GEN and other isoflavones.15 Using various micro-
emulsions, they were able to enhance the GEN dispersion 
1300–2000 times. The microemulsions were then used as 
GEN delivery system to accumulate GEN in guinea pig 
dorsal skin and Yukatan micropig skin. The amount of 
accumulated GEN increased 25-59 times in comparison 
with GEN in a NaCl(aq) delivery experiment. Accumulat-
ed GEN in skin significantly inhibited lipid peroxidation 
in vitro dose-dependently. Furthermore, pretreatment of 
guinea pig dorsal skin with GEN containing microemul-
sions prevented UV irradiation-induced erythema for-
mation. As described here, solubilization effects for GEN 
using G3gl is more efficient than the aforementioned mi-
croemulsion dispersion.

In vitro toxicity of GEN, G3gl and GEN@G3gl	
In order to estimate the biological properties of GEN, 
G3gl and GEN@G3gl encapsulates, we performed the 
toxicity Alamar Blue assay on BJ normal human fibro-
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blasts and immortalized human keratinocytes (HaCaT 
cell line). We determined that neither GEN, nor G3gl 
or GEN@G3gl exerted any toxic effect in range of 1–100 
µM concentration (Fig. 8). 

Fig. 8. Biological activity of GEN, G3gl, and GEN@G3gl 
against normal human BJ fibroblasts and immortalized 
HaCaT keratinocytes after 24 hours incubation. Results are 
presented as medians (percentage of non-treated control). 
Whiskers indicate the lower (25%) and upper (75%) 
quartile ranges. * p≤0.05, Kruskal–Wallis test (against non-
treated control)

Moreover, a slight increase of cell viability over the 
entire range of used concentrations (1–100 µM) was not-
ed, which could be related to the trophic effect of the sub-
stances used. Obtained results were consistent with others, 
where GEN did not influence on HaCaT cell viability up to 

100 µM concentration after 24 h incubation (MTT assay or 
Sulforhodamine B (SRB) assay).16,17 Also Pawlicka et al. in-
dicated that genistein was not toxic up to 150 µM concen-
tration against BJ fibroblasts, and observed  that genistein 
at lower concentrations (10–100 µM ) stimulated fibroblast 
growth (MTT assay, 24 h incubation).18

It is worth mentioning that increases of cell viability 
under the influence of GEN@G3gl was probably an effect 
of presence of GEN in encapsulate, since viability after 
incubation with GEN and GEN@G3gl was always high-
er than G3gl alone at appropriate concentrations (Fig. 8).

In vivo toxicity against C. elegans
Due to previously reported anti-nematode activity of 
GEN, we have tested the GEN@G3gl biological effect 
on C. elegans in comparison with G3gl.2,3 We found that 
after 7 days incubation, glycidylated G3 PAMAM den-
drimer did not influence on C. elegans lifetime (Fig. 9).  

A similar pattern was observed for GEN@G3gl up to 
25 µM concentration. At 50 µM concentration, viabili-
ty of nematodes decreased significantly, achieving a val-
ue of 63% after 7 days incubation. It was interesting that 
100 µM concentration of both G3gl and GEN@G3gl had 
a slighter effect than 50 µM concentration. In summa-
ry, at a 50 µM concentration, the genistein delivered as 
GEN@G3gl encapsulate induced an anthelmintic effect.

Conclusion
Third generation polyamidoamine dendrimers mod-
ified by exhausting glycidylation, act as a solubilizer 
for the highly hydrophobic isoflavonoid genistein. The 
host dendrimer macromolecule is able to encapsulate 
more than 3 molecules of guest genistein. Water solu-
bility of genistein increased about 27 times in presence 
of the host. The 1:1 genistein : dendrimer encapsulate 
promotes skin permeation of genistein. It was non-toxic 
against normal BJ fibroblast and immortalized HaCaT 
keratinocyte human cells. The 1:1 genistein : dendrimer 

Fig. 9. The Kaplan–Meier survival curves of C. elegans after 7 days of incubation with G3gl and GEN@G3gl. Results are presented 
as cumulative proportion surviving. Statistically significant differences against DMSO-treated control (0.2%) obtained by 
Gehan’s Wilcoxon test are marked with asterisks * (p≤0.05) in the colors corresponding to the tested concentrations
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encapsulate indicated anthelmintic action at 50 µM con-
centration against C. elegans.

Declarations
Funding
The cost of experimental work was covered by Statutory 
Activity Fund of Medical College at Rzeszow University. 

Author contributions 
Conceptualization, A.F-R. and S.W.; Methodology, 
S.W. and Ł.U.; Software, Ł.U.; Validation, S.W., Ł.U. and 
A.F-P.; Formal Analysis, S.W.; Investigation, J.D., A.F-R, 
M.Z-D, and S.W.; Resources, Ł.U.; Data Curation, Ł.U.; 
Writing – Original Draft Preparation, Ł.U., S.W., and 
A.F-R; Writing – Review & Editing, S.W.; Visualization, 
S.W. and Ł.U.; Supervision, S.W.; Project Administra-
tion, S.W.; Funding Acquisition, S.W.

Conflicts of interest
Authors declare no conflict of interest.

Data availability
Raw data are available from corresponding author on 
reader demand.

Ethics approval
There are no ethic approvals needed for experimental 
work presented.

References
1.	 Franke AA, Lai JF, Halm BM. Absorption, distribution, 

metabolism, and excretion of isoflavonoids after soy inta-
ke Arch Biochem Biophys. 2014;559:24-28. doi: 10.1016/j.
abb.2014.06.007

2.	 Ma Y, Yuan R, Sikandar  A, Zhu X, Duan Y, Wang Y. Ge-
nistein and Daidzein effects on the physiological indices 
of Soybean Cyst Nematodes. Sci Agric. 2022;79:20200298. 
DOI: doi: 10.1590/1678-992X-2020-0298

3.	 Gutierrez-Zepeda A, Santell R, Wu Z, et al. Soy isoflavone 
glycitein protects against beta amyloid-induced toxicity and 
oxidative stress in transgenic Caenorhabditis elegans. BMC 
Neuroscience. 2005;6:54. doi: 10.1186/1471-2202-6-54

4.	 Papaj K, Rusin A, Szeja W, Grynkiewicz G. Absorption 
and metabolism of biologically active genistein derivatives 
in colon carcinoma cell line (Caco-2). Acta Pol Pharm. 
2014;71:1037-1044.

5.	 Shen H, He D, Wang S, Ding P, Wang J, Ju J. Preparation, 
characterization, and pharmacokinetics study of a novel 
genistein-loaded mixed micelles system. Drug Dev Ind Pharm. 
2018;44:1536-1542. doi: 10.1080/03639045.2018.1483384

6.	 Nan G, Shi J, Huang Y, et al. Dissociation Constants and 
Solubilities of Daidzein and Genistein in Different So-
lvents. J Chem Eng Data. 2014;59:1304-1311. doi: 10.1021/
je4010905

7.	 Jaiswal N, Akhtar J, Singh SP, Badruddeen Ahsan F. An 
Overview on Genistein and its Various Formulations. 
Drug Res. 2018;69:305-313. doi: 10.1055/a-0797-3657

8.	 Filipowicz A, Wołowiec S. Solubility and in vitro trans-
dermal diffusion of riboflavin assisted by PAMAM den-
drimers. Int J Pharm. 2011;408:152-156. doi: 10.1016/j.
ijpharm.2011.01.033

9.	 Borowska K, Laskowska B, Magoń A, Myśliwiec B, Pyda 
M, Wołowiec S. PAMAM dendrimers as solubilizers and 
hosts for 8-methoxypsoralene enabling transdermal dif-
fusion of the guest. Int J Pharm. 2010;398:185-189. doi: 
10.1016/j.ijpharm.2010.07.019

10.	 Malinga-Drozd M, Uram Ł, Wróbel K, Wołowiec S. Chiral 
recognition of homochiral poly(amidoamine) dendrimers 
substituted with R- and S-glycidol by keratinocyte (Ha-
CaT) and squamous carcinoma (SCC-15) cells in vitro. 
Polymers. 2021;13:1049. doi: 10.3390/polym13071049

11.	 Tomalia D, Baker H, Dewald J, et al. A new Class of Po-
lymers: Starburst-Dendritic Macromolecules. Polym J. 
1985;17:117-132. doi: 10.1295/polymj.17.117 

12.	 Uram Ł, Wróbel K, Walczak M, et al. Exploring the Po-
tential of Lapatinib, Fulvestrant, and Paclitaxel Conjuga-
ted with Glycidylated PAMAM G4 Dendrimers for Can-
cer and Parasite Treatment. Molecules. 2023;28:6334. doi: 
10.3390/molecules28176334

13.	 Rothwell JA, Day AJ, Morgan MRA. Experimental De-
termination of Octanol-Water Partition Coefficients of 
Quercetin and Related Flavonoids. J Agric Food Chem. 
2005;53:4355-4360. doi: 10.1021/jf0483669

14.	 Dugiri J, Diallo MS, Goddard III WA, Dalleska N, Fang X, 
Tang Y.  Partitioning of Poly(amidoamine)Dendrimers be-
tween n-Octanol and Water. Environ Sci Technol. 2009;43: 
5123-5129. doi: 10.1021/es9003747

15.	 Kitagawa S, Inoue K, Teraoka R, Morita S. Enhanced Skin 
Delivery of Genistein and Other Two Isoflavones by Mi-
croemulsion and Prevention against UV Irradiation-Indu-
ced Erythema Formation. Chem Pharm Bull. 2010;58:398-
401. doi: 10.1248/cpb.58.398

16.	 Smolińska E, Moskot M, Jakóbkiewicz-Banecka J, et al. 
Molecular action of isoflavone genistein in the human epi-
thelial cell line HaCaT. PLoS ONE. 2018;13(2):0192297. 
doi: 10.1371/journal.pone.0192297

17.	 Rendón JP, Cañas AI, Correa E, et al. Evaluation of the 
effects of genistein in vitro as a chemopreventive agent for 
colorectal cancer-strategy to improve its efficiency when 
administered orally. Molecules. 2022;27(20):7042. doi: 
10.3390/molecules27207042

18.	 Pawlicka MA, Zmorzyński S, Popek-Marciniec S, et al. 
The effects of genistein at different concentrations on 
MCF-7 breast cancer cells and BJ dermal fibroblasts. Int 
J Mol Sci. 2022;23(20):12360. doi: 10.3390/ijms232012360



300 European Journal of Clinical and Experimental Medicine 2024; 22 (2): 300–305

This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY 4.0) license.

http://www.ejcem.ur.edu.pl
European Journal of Clinical and Experimental Medicine 

Eur J Clin Exp Med 2024; 22 (2): 300–305

Effectiveness of health education on knowledge, attitude 
and practice regarding junk food consumption among interns 

in a tertiary health care center in Chennai, India –  
a quasi-experimental study

Bella Mary 1, Arun Murugan  1, Ramachandran Ramasubramanian  1,  
Ravinder Kamali  2, Mohanakrishnan Uppili Venkat Ragavan  3,  

Kasinathan Sathishkumar  1

1 Government Medical College, Omandurar Government Estate, Chennai, Tamilnadu, India
2 Government Kilpauk Medical College, Chennai, Tamilnadu, India

3 Government Nagapattinam Medical College, Nagapattinam, Tamilnadu, India

ABSTRACT
Introduction and aim. Junk foods are defined as any of various pre-packaged foods that are high in calories but low in nutri-
tional value. This study was done to evaluate the effect of health education intervention on the knowledge, attitude, and prac-
tices regarding junk food consumption among MBBS interns at the tertiary health care center in Chennai, India.
Material and methods. This was a quasi-experimental study conducted from January to March 2023  among 105 CRMIs of a 
Government medical college in Chennai, India. After getting Institutional Ethics Committee approval, data was collected using 
a pretested self-administered semi structured questionnaire before and after health education intervention. 
Results. The majority (55.2%) of the respondent interns were hostellers. There was a significant increase in the knowledge 
(p<0.001), healthy attitude (p<0.001), and healthy practice (p<0.001) concerning junk food intake following health education 
intervention. 
Conclusion. Routine repeated sessions promoting health should be implemented in the medical curriculum in order for our 
future physicians to live a long healthy life as well as to set a good example
Keywords. attitude, junk foods, knowledge, MBBS interns, practice
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Introduction
Public health interventions aimed at improving health 
often involve promoting healthy lifestyle by addressing 
the behavioral risk factors in the general population. 
Giving advice and educating the patient is viewed as a 
professional responsibility by all general practitioners 
and are expected by the patients.1 It has been observed 

that if physicians do not engage in these healthy behav-
iors, they are less likely to encourage such behaviors in 
their patients.2 Junk foods are defined as any of various 
pre-packaged snack foods that are high in calories but 
low in nutritive value. The term ‘Junk food’ was coined 
by Michael Jacobson, director of the Center for Science 
in 1972 in the public interest who wanted to raise pub-
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lic attention about the issue of foods with a high calor-
ic value and a low nutritional value. Junk food contains 
high level of refined sugar, white flour, trans fat, poly-
unsaturated fat, salt, and numerous food additives such 
as monosodium glutamate (MSG) and tartrazine, and 
lacking in protein, vitamin, and fiber. Junk food is pop-
ular because of their simplicity of manufacture, con-
sumption, their taste and they have a long shelf life 
which may not require refrigeration.3,4 The prevalence 
of overweight has risen in India from 2 to 17.1%.5 The 
fundamental cause of obesity is an energy imbalance 
between calories consumed and calories expended. Ex-
cessive intake of junk food, lesser intake of fruits and 
vegetables and lack of regular physical exercise are the 
major causes for obesity and overweight. Junk food is a 
quick unhealthy food, which is easy to be made and to 
be consumed. It lacks nutritional value and is a calor-
ic dense. Junk food is rich in refined sugar, white flour, 
polyunsaturated fats, salts, and numerous food addi-
tives, but low in protein, vitamins and fibers.6 Junk food 
cause cerebrovascular accidents, systemic hypertension, 
type II diabetes mellitus, angina, myocardial infraction, 
raised LDL cholesterol levels, and colon cancer. It also 
leads to weight gain and obesity.7 University life creates 
a different environment for students with little time for 
meal preparation, planning, and eating. Students may 
have the feeling of independence, with preference for 
eating whenever they want.8 Youth consume junk food 
meals more than older people.9,10 Taste, time constrains, 
and costs are considered the main predisposing factors 
that make medical students consume junk food.11

Aim
Given the significant potential for negative outcomes to 
a physician’s own health as well as the health and safe-
ty of their patients, examination of the acculturation 
process about the development of related health-pro-
moting/risking lifestyle patterns over the continuum of 
medical training is critical to the improvement of the 
health care delivery system. Hence, this study was done 
to evaluate the effect of health education intervention 
on the knowledge attitude and practices regarding junk 
food consumption  among MBBS interns at tertiary care 
center in Chennai, India.

Material and methods
This was a quasi-experimental (before and after inter-
vention) study conducted among all the 105 interns of 
both genders at a tertiary care hospital in Chennai, India 
from January to March 2023 using a self-administered 
semi-structured questionnaire. After getting approval 
from the Institute Ethical Committee, (IEC approval No: 
68/IEC/GOMC/2022) data collection was started. The 
nature and purpose of the study was explained to the 
interns and a written informed consent was obtained, 

confidentiality was ensured and data was collected us-
ing a self-administered semi-structured questionnaire.

Study procedure
A questionnaire was prepared after extensive review of 
the literature by database searches from Google Scholar, 
Medline (PubMed), Academic search Complete (EBS-
CO host) and Medline (EBSCOhost), and Cochrane on-
line library. These were meticulously searched for quality 
research literature published in English from 2001‒2022 
using the terms junk food, medical students, knowledge, 
attitude and practices, and health education. The 4-sec-
tion semi structured questionnaire with a set of sociode-
mographic questions, 10 knowledge measuring questions, 
8 attitude measuring questions and 3 practices assessing 
questions were used. A knowledge component dealt with 
an in-depth understanding of a medical intern about junk 
food, its composition, and its ill effects. Whereas the atti-
tude component investigated how junk foods were per-
ceived in an intern’s point of view. The practices section 
assessed the frequency, energy consumption in kilocalo-
ries by dietary recall method and amount of money spend 
on junk food in one week. The questionnaire was pretest-
ed on 10 interns who were also part of the study sample. 

Data collection and analysis
The study was conducted in two phases. Baseline data 
on knowledge attitude and practices regarding junk 
food consumption among interns were collected using 
a pretested semi-structured questionnaire. All the in-
terns were assembled into three groups over a period of 
one week. On completion of the questionnaire, health 
education regarding junk food consumptions its ill ef-
fects, healthy alternatives were given in a lecture ses-
sion which lasted for two hours. Health education IEC 
material was also distributed via online platforms. Post 
intervention data was collected using the same semi 
structured questionnaire two months after the interven-
tion and was compared with the baseline data.

About 105 interns were given semi structured ques-
tionnaires. The data was analyzed according to the scor-
ing pattern. Based on scores allotted to each question in 
the pre and post intervention questionnaire, total scor-
ing for each component and total score of pre and post 
intervention responses were calculated. This EXCEL 
was fed into IBM SPSS software Version22 for data anal-
ysis (Armonk, NY, USA). Total scores after both pre and 
post intervention was compared using Wilcoxon Signed 
Rank Test and percentage of increase in score was cal-
culated for everyone.

Scoring pattern of questionnaire
	– the knowledge component comprises of: 10 multiple 

choice questions with single correct answers. Each 
question carries 1 mark with no negative marks,
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	– the attitude component comprises of 8 questions. 
They were multiple choice questions with options 
in the form of Likert scale as Strongly disagree, di-
sagree, neutral, agree and strongly agree. They were 
scored as 5,4,3,2,1 marks according to healthy prac-
tice to unhealthy practice respectively,

	– the practice component had 3 MCQS with single 
option with options in the form of Likert scale gra-
ded 4,3,2,1 according to  healthy practice to unheal-
thy practice respectively.

Results
A total of 105 interns participated in this study. Table 1 
shows the sociodemographic characteristics of the re-
spondents. Majority (84.8%) of them are in the age 
range of 22-25 years, followed by (14.3%) in age range 
of more than 25 years. Majority of the interns were fe-
male (51.5%) with 64.8% of participants residing in ur-
ban areas. About 44.8% were hostellers. 

Table 1. Socio-demographic characteristics of the 
participants
Variable Categories Frequency Percent

Age in years 18 to <22 1 0.9

22 to <25 89 84.8

≥25 years 15 14.3

Gender Male 52 49.5

Female 54 51.5

Residence Rural 37 35.2

Urban 68 64.8

Current place of stay Day scholar 47 44.8

Hostel 58 55.2

Table 2. Comparison of scores before and after 
intervention*

Change in scores

Component Pre-
Intervention median score 

Post-
Intervention median score 

p*

Knowledge 7 (5–8) 9 (9–10) <0.001

Attitude 16 (14–17) 23 (22–25) <0.001

Practice 7 (6–9) 11 (10–11) <0.001

* An analysis was done by Wilcoxon Signed rank test

Table 2 shows the comparison of knowledge, atti-
tude and practice scores before and after intervention. 
There was a significant (p<0.001) increase in the median 
knowledge score after intervention. There was a drastic 
change in median score of attitudes towards junk food 
intake from 16 to 23 which was also found to be sta-
tistically significant (p<0.001). The healthy practice of 
avoiding junk food also improved as there was a signif-
icant increase (p<0.001) in the practice score. Overall 
score also improved significantly (p<0.001) following 
health education intervention. 

Figures 1 to 6 give a schematic representation of the 
change in knowledge, attitude and practice scores of 
junk food intake by the interns before and after health 
education.

Fig. 1. Pre-test knowledge scores

Fig. 2. Post-test knowledge scores

Fig. 3. Pre-test attitude scores

Fig. 4. Post-test attitude scores
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Fig. 5. Pre-test practice scores

Fig. 6. Post-test practice scores

Discussion
This study showed that there was a significant increase 
in knowledge, healthy attitude and healthy practice to-
wards junk food intake. This finding was also replicated 
in previous studies. In a study done among higher sec-
ondary school students in Himachal Pradesh, mean post-
test attitude score 75.40 was significantly higher than the 
mean pre-test attitude score 64.18. The knowledge and at-
titude among students were significantly improved in the 
study.12 The results of our investigation were consistent 
with those of related research carried out by Yadav B et 
al., Amoldeep et al., and Mishra R et al. among college go-
ing students.13-16 Several studies conducted among school 
students by Poor Abdollahi et al., Vakili et al., Choobineh 
et al., Mazloomi et al., and Hosseini et al., Singh UK et 
al., Hajivandi L et al. also give similar findings.17-23 These 
findings demonstrated a significant increase in knowl-
edge, attitude, and performance regarding the consump-
tion of junk food following the intervention; this finding 
points to the beneficial effects of education on enhancing 
knowledge, attitude, and performance in reducing junk 
food intake. The results of Pour Abdollahi and Vakili et al. 
support similar findings; however, the latter study’s find-
ing that the participant’s performance score increased to 
a non-significant degree differs from the current investi-
gation.17,18 Additionally, research by Chobineh et al. sup-
ported the impact of education on students’ performance 
and understanding in the area of eating.19 These outcomes 
are also consistent with the findings of a 2003 study con-
ducted by Hoffman et al. on 70 male and female guidance 

school students over the course of five weeks in an effort 
to increase fruit and vegetable consumption.24 In order to 
improve children’s knowledge and attitudes about fruits 
and vegetables, Heidari et al. used education on diet in 
their study.25 They did this by employing educational re-
sources such as newsletters designed specifically for chil-
dren, parents, and teachers. The participant’s knowledge 
and attitude toward fruit intake significantly improved 
nine months after the intervention, according to the re-
searchers. These variations can be attributed to different 
study populations our being medical community already 
well educated regarding the junk food consumption, set-
tings, designs, differences in the tools used to measure the 
KAP and methods of data collection.26,27 Moreover, dif-
ferences in the performance of health systems in   differ-
ent countries could also explain the differences. There is 
a dramatic transformation in an intern’s dietary patterns, 
most notably an increase in consumption of processed 
foods such as hamburgers, cheeseburgers, deep-fried 
chicken, french fries, pizza, donuts, carbonated drinks 
etc. Several studies have shown that adolescents staying 
away from home are associated with increased consump-
tion of fast food with high calorie intake, poorer diet qual-
ity, finally ending up in weight gain. With day- by-day 
increase in the number of fast-food outlets, and online 
food delivery apps and above all peer pressure our future 
medical practitioners are themselves on the path of met-
abolic syndrome. High salt content foods can be acting 
as addictive substances that stimulate dopamine receptors 
in brain, leading to increase in craving and hunger.28,29 It 
leads to increase in appetite, calorie consumption, over-
eating, obesity, and related illnesses. Many a times despite 
being medicos, they are not aware about the high calorie 
content of such items since it is not easily accessible in 
streetside fast-food outlets. In addition to increased ge-
netic and environmental susceptibility to diabetes mel-
litus, hypertension, coronary heart diseases, poor eating 
habits seals one’s fate.

Study limitations
There are some limitations in our study. The duration of 
the intervention was short. The study was limited to a 
single set-up and hence may not be representative of all 
the MBBS interns in the state or the country. Moreover, 
the study was done without a control group and hence 
the placebo effect could not be ascertained. 

Conclusion
This study revealed that there was a significant improve-
ment in the attitude knowledge and practices among 
regarding health hazards of junk food after implementa-
tion structured teaching program. Hence routine repeat-
ed health promoting sessions should be implemented in 
medical curriculum in order for our future physicians 
to live a long healthy life as well as set a good example.
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ABSTRACT      
Introduction and aim. The fear of contracting COVID-19, which affects human health biopsychosocially, is expected to affect 
the self-care management of patients with heart failure (HF). This study was conducted to investigate the relationship between 
perceived fear of COVID-19 and self-care management in HF patients.
Material and methods. The study was conducted with 115 HF patients. “Sociodemographic characteristics form”, “Fear of 
COVID-19 tool” and “Nine-item European Heart Failure Self-care Behavior Scale (EHFScB Scale-9)” were used to collect data. 
Results. 51.3% of the participants in the study are in the 40–60 age range, 53.7% are male, 92.2% live with their family, 64.3% 
have a diagnosis of HF for less than 5 years. Levels of COVID-19 fear, and self-care management were found to be high in the 
participants who are 40 years old or younger, has higher education level, diagnosed within 1 to 3 years, received psychological 
support during the pandemic process, received training from doctor or nurse about COVID-19. Fear level and self-care levels 
were moderately positively correlated.
Conclusion. During the COVID-19 pandemic, it is necessary to develop effective care strategies to identify individuals with dis-
eases such as HF who should have high self-care management skills.
Keywords. COVID-19 fear, heart failure, self-care management
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Introduction
Heart failure (HF) is a prevalent chronic disease af-
fecting millions worldwide, characterized by a gradual 
decline in cardiac pumping ability and ventricular func-
tion. HF is associated with high mortality and morbidity 
rates.1 Decreased ventricular function results in failure 

of the circulation to meet systemic needs. With the in-
creased workload of the heart, the emergence of symp-
toms such as dyspnea, chest pain, pulmonary oedema, 
peripheral oedema, cough, fatigue, and palpitations re-
sult in decreased physical mobility, activity intolerance, 
and limitations in cognitive functions.1,2 This shows the 
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importance of individual disease management in pa-
tients with HF. 

In December 2019, a novel coronavirus, SARS-
CoV-2, was identified as the causal agent of a pneumonia 
outbreak in Wuhan, China. This marked the inception of 
the COVID-19 epidemic. COVID-19 poses heightened 
risks, particularly for older adults and individuals with 
chronic diseases like heart failure.3 The virus’s impact has 
underscored the critical need for vigilance and specialized 
care in managing vulnerable populations with pre-exist-
ing health conditions, including those with heart-related 
issues.4 The ongoing pandemic, marked by the emergence 
of COVID-19, has indeed instilled significant fear, espe-
cially among individuals with chronic conditions such as 
heart failure has contributed to increased concerns about 
mortality. In addition to the strong evidence of the ef-
fects of COVID-19 on the cardiac system, the psycho-
social effects of COVID-19 such as phobia, fear, anxiety, 
and depression have made it challenging for HF patients 
to maintain self-care.5-7 This unprecedented global health 
crisis has emphasized the importance of addressing not 
only the physical health aspects of individuals with heart 
failure but also the psychological and emotional well-be-
ing.8 In this process, it is essential for individuals with HR 
to possess sustainable self-care skills to maintain their 
daily living activities, which is crucial for both physiolog-
ical and psychological health, and it is essential to main-
tain it.9 Self-care that involves lifestyle changes, adherence 
of medication and regular monitoring HR patients is cru-
cial for managing the condition and enhancing well-be-
ing. Key aspects include maintaining a heart-healthy diet, 
managing fluid intake, engaging in moderate physical ac-
tivity, monitoring symptoms, attending regular medical 
check-ups, practicing stress management techniques, and 
ensuring good sleep hygiene.10 Quarantine processes im-
plemented worldwide caused a decrease in physical ac-
tivity, which is important in managing chronic diseases. 

In a study involving 1050 patients in England in 
2021, the level of patients’ perceived anxiety about 
COVID-19 was found to be significantly higher com-
pared to HF. Additionally, patients reported that hos-
pital appointments were cancelled or postponed, 
medication prescriptions were disrupted, and they had 
difficulties reaching HF teams. In the same study, HF 
patients were reluctant to go to the hospital because of 
the concerns they experienced.11 We examined the rela-
tionship between perceived fear of COVID-19 and self-
care management in HF patients.

Aim
The research aims to provide a comprehensive under-
standing of the factors shaping self-care behaviors in HF 
patients during the COVID-19 era, ultimately contrib-
uting valuable insights for the development of targeted 
interventions and support mechanisms.

Material and methods
Design and sample
This descriptive and cross-sectional study was conduct-
ed in a cardiology hospital in Istanbul between Decem-
ber 2021 and April 2022. The selection of a cardiology 
hospital was crucial for reaching patients who are regu-
larly monitored. The study’s sample comprised 115 pa-
tients with HF. These individuals applied to the hospital 
during the study period, met the sample selection cri-
teria, and both verbally and in writing agreed to par-
ticipate in the research. Inclusion criteria comprised 
individuals aged 18 years or older, diagnosed with HF 
for a minimum of one year, able to communicate verbal-
ly, not diagnosed with any psychiatric disorder, and who 
agreed to participate in the study. Researchers collected 
data within an average of 15 minutes through face-to-
face interviews on weekdays when the patients and the 
researchers were available.

The Scientific Research Ethics Committee approved 
this research under the decision numbered 2021-40034-
30, dated 12 July 2021. Participation was voluntary, 
anonymous, and did not involve any compensation. In-
formed consent was obtained from all the patients who 
were willing to participate in the study.

Research questions
1.	 What is the relationship between the level of fear 

related to COVID-19 and the level of self-care man-
agement observed in patients with heart failure?

2.	 Are there specific demographic factors that moder-
ate the association between the fear of COVID-19 
and self-care management in individuals with heart 
failure?

Data Collection Tools 
Information form
The researchers designed this questionnaire to ascer-
tain the sociodemographic and medical characteristics 
of patients with HF. The form facilitated the collection 
of information, including age, gender, marital status, 
education level, cohabitants, duration since the HF di-
agnosis, history of COVID-19 disease, and the current 
COVID-19 vaccination status of the participants. 

Fear of COVID-19 scale
This valid scale was developed by Ahorsu et al. to mea-
sure the fear levels of individuals due to COVID-19.12,13 
The scale has a single-factor structure and consists of 
seven items rated on a five-point Likert scale (1=I 
strongly disagree; 5=I strongly agree). The total score 
on the scale ranges from 7–35, with higher scores in-
dicating higher levels of fear of COVID-19. The inter-
nal consistency of the scale was 0.82. In this study, the 
Cronbach’s alpha value was found to be 0.90.
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Nine-item European Heart Failure Self-care Behavior Scale
This valid scale was created by Jaarsma et al. by revis-
ing the 12-item Heart Failure Self-Care Behavior Scale 
to a 9-item scale.14,15 The scale was developed to deter-
mine the self-care behaviors of individuals with HF. The 
items of the scale are measured using a five-point Likert 
scale (1=I totally disagree, 5=I totally agree). Although 
the sub-dimensions of the scale are adherence to treat-
ment and counselling, the score that can be obtained 
varies between 9 and 45. A high score on the scale indi-
cates that self-care management is high. The reliability 
was determined as 0.82. For this study, the Cronbach’s 
alpha value was 0.92.

Statistical analysis
Statistical analysis was performed using the Statistical 
Package for the Social Sciences (SPSS) version 20.0 for 
Windows (SPSS Inc, Chicago, Illinois, USA). Continu-
ous variables were expressed as mean ±standard devia-
tion (SD), and categorical variables as percentages. The 
Kolmogorov-Smirnov test was used to assess wheth-
er the data was normally distributed. When the data 
was non-normal, the Mann-Whitney U test was used 
to compare two independent groups, and the Krus-
kal-Wallis test was used to compare three or more inde-
pendent groups. The Pearson correlation coefficient was 
used to determine the relationship between two vari-
ables. The reliability analysis of the scales was evaluated 
with the Cronbach’s alpha reliability coefficient. Statisti-
cal significance was considered at p < 0.05.

Results
Of the participants, 51.3% were 41–49 years old, 47% 
were women, 73% were married, 39.1% were primary 
school graduates, 92.2% lived with their families, and 
24.5% were retired. Most participants did not smoke 
(91.3%) or drink alcohol (98.3%). Of the participants, 
50.4% were diagnosed with HF between 1–3 years, and 
90.4% had a chronic disease in addition to HF, such 
as chronic obstructive pulmonary disease, renal fail-
ure, and hypertension. Moreover, 95.7% of the partic-
ipants were vaccinated against COVID-19, 13.9% had 
COVID-19, and 3.5% were hospitalized when suffering 
COVID-19. Additionally, 91.3% of the participants did 
not receive psychological support, only 27.8% received 
training from their physician and nurse on the relation-
ship between COVID-19 and HF, and 83.5% followed 
the news about COVID-19 (Table 1).

The COVID-19 fear scale mean score of the study 
participants was 20.78±5.68, and the self-care scale 
mean score was 29.71±7.79 (Table 2).

The mean scores of the participants on the fear of 
COVID-19 scale and the self-care scale were higher in 
those under the age of 40 (p=0.002, p<0.00a) and those 
with a bachelor’s degree (p=0.001, p=0.000). In addi-

Table 1. Demographic and clinical characteristics of 
patients
Categories n %

Gender Female 54 47

Male 61 53

Age, years < 40 23 20

41–59 59 51.3

≥ 60 33 28.7

Marital Status Married 64 73

Single 51 27

Educational Status Illiterate 12 10.4

Primary school 45 39.1

High school 32 27.8

University 26 22.6

Employment  Employed 87 75.5

Retired 28 24.5

Income status  High income 4 3.5

Middle income 21 18.3

Low income 90 78.3

Smoking status Yes 10 8.7

No 105 91.3

Alcohol use Yes 2 1.7

No 113 98.3

Cohabitant Alone 9 7.8

Family or partner 106 92.2

Heart failure duration, 
years

1–3 58 50.4

4–6 40 34.8

≥ 7 17 14.8

Any other chronic 
diseases?

Yes 104 90.4

No 11 9.6

Have you had COVID-19? Yes 16 13.9

No 99 86.1

Have you been 
vaccinated against 
COVID-19?

Yes 110 95.7

No 5 4.3

Have you received 
training from your 
physician and nurse 
about the relationship 
between COVID-19 and 
heart failure?

Yes 32 27.8

No 83 72.2

Time to follow news 
about COVID-19, hours

< 1 96 83.5

1–2 15 13

≥ 3 4 3.5

Table 2. Fear of COVID-19, self-care scale sub-dimensions 
and total score*

Mean±SD The range value that 
can be obtained from 

the scales

Cronbach’s 
alpha

Fear of COVID-19 tool 20.78±5.68 7–35 0.90

Nine-item 
European Heart 
Failure Self-care 
Behaviour Scale 

Adherence 
regimen

13.86±3.67 4–20 0.56

Consulting 
behaviour

15.85±4.49 5–25 0.87

Total 29.717.79 9–45 0.92

* SD – standard deviation
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tion, the mean score of the self-care scale (p=0.046) was 
higher in alcohol users than in non-users. The mean 
scores of the COVID-19 fear scale and the self-care scale 
were high in the following groups: those with a disease 
duration of 1–3 years (p=0.001, p=0.002), those who re-
ceived psychological support during the pandemic pro-
cess (p=0.017, p=0.001), those who received training by 
their physicians and nurses about COVID-19 (p=0.001, 
p=0.000), and those who had 1–2 hours to follow the 
news about COVID-19 (p=0.024, p=0.001) was high 
(Table 3).

Table 4. The relationship between COVID-19 fear and self-
care sub-dimensions and total scoresa

Fear of 
COVID-19

Adherence 
regimen

Consulting 
behaviour

Total scores of 
EHFScB scale-9

r r r R

Fear of COVID-19 tool 1 0.667** 0.681** 0.707*

Adherence regimen 1 0.818** 0.943**

Consulting behaviour 1 0.962**

Total scores of EHFScB 
scale-9

1

a * – p<0.05, ** – p<0.001, r – Pearson correlation 
coefficient, EHFScB – the European Heart Failure Self-care 
Behavior Scale 

Discussion
Many studies investigated the relationship between 
chronic diseases and COVID-19 during the pandem-
ic. In a study published in the USA, including 8438 
patients diagnosed with COVID-19, cardiovascular dis-
eases were the leading comorbidities associated with 
COVID-19, 28.2% of the patients were diagnosed with 
hypertension, 8.6% had coronary artery disease, and 
6.9% had HF.16 In another study, 23% of patients hos-
pitalized for COVID-19 were diagnosed with HF.17 In-
dividuals with cardiovascular disease diagnosed with 
COVID-19 have elevated overall and in-hospital mor-
tality rates, patients with a history of HF have prolonged 
hospital stay the length of hospital stay in patients with 
a previous diagnosis of HF, and the risk of 30-day death 
is higher.18,19

Compliance with pharmacological treatment is es-
sential in the self-care of cardiovascular diseases. A sys-
tematic review published by Ruksakulpiwat et al. in 2022 
discussed the impact of COVID-19 on drug compliance. 
Concerns about COVID-19, medication shortage, travel 
restriction, financial restriction, and substance use have 
been reported as barriers to drug compliance, whereas 
compliance with health guidelines and health informa-
tion has been reported to facilitate drug compliance.20 In 
this study, the finding that patients who received train-
ing related to COVID-19 from their physician or nurse 
had higher drug compliance scores and self-care scores 
supports this situation. 

Table 3. Comparison of COVID-19 fear, self-care sub-
dimensions, and total score averages by the sociodemographic 
and clinical characteristics of the participantsa

 (n=115)
Fear of 

COVID-19 

Nine-item European Heart Failure Self-
care Behaviour Scale

Adherence to 
treatment

Consultation 
Behavior

Total

Gender Female 21.98±5.69 14.403.48 16.42±4.64 30.83±7.67
Male 19.72±5.51

p=0.061**
13.37±3.80
p=0.303**

15.34±4.33
p=0.288**

28.72±7.82
p=0.282**

Age (year) < 40 24.04±4.51 16.17±2.60 19.08±4.10 35.26±6.53
41–59 20.67±5.56 13.643.42 15.33±4.29 28.98±7.54
≥ 60 18.69±5.74

p=0.002*
12.63±4.09
p=0.003*

14.51±4.13
p=0.001*

27.15±7.52
p<0.001*

Marital Status Married 20.42±5.68 13.553.66 15.41±4.33 28.97±7.59
Single 21.74±5.68

p=0.509**
14.67±3.63
p=0.195**

17.03±4.79
p=0.130**

31.70±8.11
p=0.120**

Educational Status Illitarate 16.83±6.24 11.504.01 11.83±3.37 23.33±5.97
Primary school 19.44±5.56 12.753.56 14.44±3.63 27.20±6.72

High school 21.56±5.16 14.00±3.13 15.87±4.14 29.87±7.06

University
23.96±4.36
p=0.001*

16.69±2.60
p<0.001*

20.11±3.52
p=0.000*

36.80±6.06
p<0.001*

Income status  High income 22.75±6.18 15.25±2.98 13.75±4.92 29.00±5.29
Middle income 19.85±5.16 13.66±4.83 15.76±5.74 29.42±9.99

Low income
20.91±5.81
p=0.343*

13.84±3.41
p=0.679*

15.96±4.17
p=0.662*

29.81±7.37
p=0.954*

Smoking status Yes 21.40±4.00 14.50±3.17 15.80±4.93 30.30±7.67

No 
20.72±5.83
p=0.731**

13.80±3.72
p=0.514**

15.85±4.47
p=0.780**

29.65±7.84
p=0.508**

Alcohol use Yes 20.50±3.53 17.50±0.70 22.00±1.41 39.50±2.12

No 
20.78±5.72
p=0.881**

13.79±3.67
p=0.066**

15.74±4.45
p=0.043**

29.53±7.57
p=0.046**

Cohabitant With family or 
partner

20.62±5.52 13.81±3.53 15.59±4.33 29.40±7.55

Alone 
22.66±7.46
p=0.381**

14.44±4.82
p=0.800**

18.88±5.51
P=0.085**

33.33±10.09
p=0.278**

Heart failure 
duration, years

1–3 22.65±5.03 14.82±3.42 17.27±4.50 32.10±7.54
4–6 19.70±4.64 12.90±3.49 14.75±3.95 27.65±7.11

≥ 7 
16.94±7.50
p=0.001*

12.82±4.23
p=0.015*

13.58±4.21
p=0.002*

26.41±8.00
p=0.002*

Any other chronic 
diseases

Yes 20.67±5.83 13.88±3.80 15.83±4.62 29.72±8.04
No 21.81±4.19

p=0.603**
13.63±2.29
p=0.519**

16.00±3.13
p=0.871**

29.63±5.14
p=0.879**

Have you had 
COVID-19?

Yes  20.75±6.00 14.43±3.91 16,37±4,39 30.81±8.03
No 20.78±5.66

p=0.903**
13.76±3.65
p=0.482**

15.76±4.52
p=0.673**

29.53±7.78
p=0.630**

Where did you get 
over COVID-19?

Resting at home 21.50±6.38 14.66±3.74 17.58±4.50 32.25±8.15
In hospital 19.50±3.69

p=0.428**
14.75±4.57
p=0.579**

14.25±2.98
p=0.160**

29.00±7.34
p=0.300**

Have you been 
vaccinated against 
COVID-19?

Yes 20.81±5.78 13.84±3.69 15.85±4.51 29.70±7.82
No 20.00±3.16

p=0.616**
14.20±3.76
p=0.972**

15.80±4.65
p=0.783**

30.00±8.03
p=0.837**

Have you received 
training from 
your physician 
and nurse about 
the relationship 
between COVID-19 
and heart failure?

Yes 23.00±4.02 16.31±2.74 19.37±3.70 35.68±6.36
No 19.92±6.01

p=0.001**
12.95±3.56
p<0.001**

14.49±4.02
p<0.001**

27.40±7.06
p<0.001**

Time to follow news 
about COVID-19, 
hours

< 1 20.17±5.66 13.41±3.63 15.41±4.33 28.83±7.59
1–2 24.66±5.15 16.80±2.30 19.53±3.77 36.33±5.70

≥ 3 
20.75±2.06
p=0.024*

13.50±4.50
p=0.002*

12.50±4.20
p=0.001*

26.00±8.28
p=0.001*

a * – Kruskal Wallis test, ** – Mann Whitney-U test
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In a study of diabetes and hypertension patients 
at risk of HF, the rate of poor drug compliance was re-
ported as 72% during the pandemic period. In the same 
study, treatment adherence, going to a health centre, 
presence of comorbidity, and history of current sub-
stance use were strongly associated with drug non-ad-
herence.21 In this study, being 60 years of age or older, 
having a low level of education, having a diagnosis of 
HF for seven years or more, not receiving psychologi-
cal support, and not receiving training from a doctor or 
nurse were determinants of poor drug compliance.

Psychosocial risk factors are known triggers of 
acute cardiovascular events.22 Therefore, we discussed 
the relationship between perceived fear of COVID-19 
and self-care management in HF patients is discussed. 
In the study, there was a moderate positive correlation 
between perceived COVID-19 fear levels and self-care 
levels in HF patients. Lifelong self-management is im-
portant in reducing the effects of the disease in patients 
with HF.23 The presence of depressive symptoms may 
prevent patients with HF from participating in self-
care.24 In 2023, Kim et al. included 162 patients with 
coronary artery disease and investigated the relation-
ship between fear of COVID-19 and healthcare behav-
iors. That study found that gender and the presence of 
comorbidities were found to be significant influential 
factors of fear of COVID-19.25

Studies examining the impact of COVID-19 on 
chronic diseases indicated that COVID-19 accounts for 
the observed psychosocial results. Bansal et al. found 
that during the COVID-19, the 30-day all-cause read-
missions were higher in patients with psychosocial risk 
factors, and myocardial infarction-related readmissions 
were significantly higher in patients with psychosocial 
risk factors and acute myocardial infarction. The same 
study emphasized that early identification and reduc-
tion of psychosocial risk factors in patients with MI 
could reduce readmissions, especially during the pan-
demic.26

Alkouri et al. found that about half of HF patients 
were afraid of COVID-19, and increasing age, pres-
ence of angina, and having chronic lung disease in pa-
tients with HF were associated with fear of COVID-19 
and coronavirus anxiety.27 A study examining the fear of 
COVID-19 in patients with acute myocardial infarction 
found a positive correlation between age and the level of 
total fear of COVID-19.28 In contrast, the present study 
determined that the fear of COVID-19 was higher in 
those under 40 years.

Moreover, it has been emphasized that undergoing 
self-care training via telemedicine and telenursing appli-
cations during the COVID-19 period may affect disease 
management positively.29 The support of the monitoring 
step, an integral aspect of self-care, through telemedi-
cine, telenursing, telerehabilitation, virtual home visits, 

and structured phone calls is crucial.30 In addition, in a 
study, cardiology nurses stated that heart failure patients 
preferred telehealth applications by reducing clinic visits 
during the pandemic period, but patients’ self-care abil-
ities decreased. The study also highlighted challenges 
faced by nurses in collecting objective data.31 Our study 
revealed that 72.2% of participants did not receive train-
ing from physicians or nurses and the self-care scores of 
the individuals who received training were higher. This 
suggests the potential benefits of considering telehealth 
applications for future periods.

A certain level of fear is beneficial in coping with 
the disease, but it becomes problematic when the fear 
is more than the actual threat.28 Despite this, HF can in-
crease the risk of contracting the virus and experiencing 
severe symptoms and complications.27 The level of fear 
of the patients in this study is similar to the literature. 
Particularly in the younger population (40 years and un-
der), those with a bachelor’s degree, and patients who 
received training from their physician and nurse about 
COVID-19, the high level of fear may be associated with 
an increase in awareness. In addition, adaptation prob-
lems experienced during symptom management, the 
disease and treatment process in the early stages of the 
disease, and the overlap between HF and COVID-19 
symptoms may have caused increased fear in patients. 

Study limitations
This study was limited by the fact that it was a survey 
and was, therefore, prone to selection bias. Secondly, the 
study was carried out in a single center, and as a result, 
the findings may not be applicable to a broader context. 
Moreover, the research data were gathered using sub-
jective data collection tools, which means objective as-
sessment was not undertaken. Lastly, it should be noted 
that certain unexamined factors in this study could po-
tentially influence the state of self-care.

Conclusion
This study determined a positive correlation between 
mean scores of the COVID-19 fear scale and the self-
care scale. It found high levels of fear of COVID-19 and 
self-care management in the participants who were be-
low 40 years, had a bachelor’s degree, had a disease dura-
tion of 1–3 years, received psychological support during 
the pandemic, received training from a physician and 
nurse about COVID-19, and followed the news about 
COVID 19 for 1–2 hours. The findings of this study can 
help healthcare providers develop interventions for psy-
chological support and self-management and may guide 
future pandemic processes.
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ABSTRACT
Introduction and aim. Although increasing vaccination rates among healthcare workers (HCWs) is crucial for protecting their 
own health and preventing the spread of infections to patients, vaccination rates remain low. The purpose of this study is to 
evaluate the knowledge, attitudes, and behavior of healthcare workers concerning seasonal influenza vaccination in a training 
and research hospital in Türkiye.
Material and methods. This cross-sectional descriptive study was conducted among 364 healthcare workers working in a train-
ing and research hospital in Ankara, Türkiye. A face-to-face questionnaire was completed by selected participants that includ-
ed questions about their sociodemographic characteristics, receiving seasonal influenza vaccination, reasons for not receiving 
vaccination, attitudes and behavior towards seasonal influenza vaccination recommendations for their surroundings, knowl-
edge of who should get the vaccine, and their immunization history.
Results. Among the participants, 58.5% stated that they had never received an influenza vaccination, 35.7% mentioned not 
receiving the regular influenza vaccination, and only 5.8% reported receiving the influenza vaccination regularly every year. 
Reasons for not getting vaccinated included not trusting the influenza vaccine’s protection (60.1%), not believing they are in 
the risk group (38.9%), and not finding a suitable time to get vaccinated (36.1%). A total of 57.1% of the healthcare workers 
recommended the influenza vaccine for their surroundings. 
Conclusion. Influenza vaccination rates among healthcare workers are quite low. To maximize influenza vaccine uptake, aware-
ness programs are needed to correct the misconceptions health care workers have about the vaccine, and diverse strategies 
should be implemented to encourage them to get vaccinated, thereby promoting influenza vaccination.
Keywords. attitude, behavior, healthcare workers, influenza vaccine, knowledge 
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Introduction
Influenza is a major health concern that can lead to seri-
ous complications in individuals with risk factors.1 Year-
ly, influenza epidemics have the potential to impact 5% 
to 15% of the global population, resulting in approxi-
mately 4-5 million severe cases and causing 250,000 to 
500,000 fatalities.2 Influenza is a markedly contagious 

acute respiratory infection disease distinguished by 
symptoms such as fever, cough, headache, muscle and 
joint discomfort, pronounced malaise, sore throat, and 
nasal congestion.3 The course of influenza can be mild 
or severe, depending on various factors and conditions 
(i.e., age, immune status, comorbidity, and seasonal flu 
strain).1 Children under 5 years of age, chronically ill 
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and immunocompromised patients, the elderly (>65 
years), and pregnant women are at high risk of compli-
cated influenza courses.1-4

Annual vaccination is the primary measure to pre-
vent influenza and its complications.5 For this reason, 
the World Health Organization (WHO) recommends 
annual vaccination for pregnant women at any stage of 
pregnancy, children aged between 6 months to 5 years 
old, elderly individuals (aged more than 65 years), indi-
viduals with chronic medical conditions, and healthcare 
workers (HCWs).6

Healthcare workers who are typically healthy adults, 
are not at high risk of experiencing severe complications 
after contracting an influenza infection. However, they 
constitute a recommended target group for vaccination 
against seasonal influenza, as per the guidelines out-
lined by the WHO.7 Healthcare workers are at high risk 
of both contracting influenza and spreading the virus 
to vulnerable patients. This situation increases the glob-
al burden of the disease and particularly affects health-
care services.8,9 Nevertheless, despite efforts to improve 
influenza vaccination coverage among HCWs for many 
years, vaccination is still low in this group in many Eu-
ropean countries.4,10

Similar to other vaccines, it is widely recognized that 
the attitudes of individuals toward receiving the influenza 
vaccination play a significant role in determining the effec-
tiveness of vaccination. The specific advantages of vacci-
nation for HCWs have not been thoroughly documented; 
however, existing studies indicate a minor reduction in 
sickness absenteeism (around 0.5 days) and a diminished 
likelihood of contracting the influenza virus.10-12 

Aim
The aim of this study is to evaluate the vaccination rates, 
the knowledge and behaviors of HCWs related to sea-
sonal influenza vaccination.

Material and methods 
This cross-sectional and descriptive study was conduct-
ed among HCWs employed at a training and research 
hospital in Ankara, Türkiye. Currently, our tertiary hos-
pital has a total of 1437 HCWs in service. The sample 
size for the study was determined to be 369 individuals 
out of 1437 HCWs, with a 95% confidence interval, an 
error margin of 0.05, and 50% unknown frequency, ac-
cording to the simple random sample calculations with 
6 epi-info sample package programs. Three hundred 
and sixty-four out of the 369 individuals comprised the 
sample.

The pre-prepared questionnaire was administered 
to the participants through face-to-face interviews to 
collect data on sociodemographic features, seasonal in-
fluenza vaccination status, seasonal influenza vaccina-
tion recommendations, and knowledge of vaccination. 

Those serving as HCWs who willingly agreed to partic-
ipate were included in the research. Healthcare workers 
who could not allocate time due to a busy work schedule 
or those who declined to respond to our inquiries were 
not included in the research. Surveys were administered 
after providing participants with detailed information 
about the study’s content and obtaining voluntary con-
sent through signed consent forms. In the initial section 
of the survey, participants were asked questions relat-
ed to the study, including socio-demographic charac-
teristics, years of professional experience, work units, 
seasonal influenza vaccination status, recommendation 
practices, to whom the vaccine should be administered, 
and the timing of vaccination. The second part of the 
survey consisted of 15 questions aimed at assessing the 
participants’ knowledge regarding seasonal influenza 
vaccination. Participants were asked to mark the correct 
option if they believed the given statements were accu-
rate, select the incorrect option if they thought the state-
ments were false, or choose the “I don’t know” option 
if they had no opinion on the matter. In this stage, one 
point was awarded for each correct answer, while zero 
points were assigned for incorrect answers or selecting 
the “I don’t know” option. Following the assessment, the 
total scores for each participant were calculated within 
the range of zero to fifteen, where each participant re-
ceived a score based on the number of correct answers. 
The total knowledge score was obtained by summing 
the correct answers provided by the HCWs included 
in the study. Accordingly, the average knowledge lev-
el of the participants in the research was determined to 
be 8.1±2.8, with a median of 8 (0–15). No open-end-
ed questions were included in the evaluation questions.

The study was conducted in accordance with the 
Declaration of Helsinki, and the protocol was approved 
by the local Ethics Committee of the hospital (date: 
16.01.2017; number 34/14).

Statistical analysis
Statistical analysis was performed using IBM SPSS Sta-
tistics for Windows, Version 22.0. (IBM Corp. released 
in 2013, Armonk, NY). Descriptive statistics are pre-
sented as the mean and standard deviation (mini-
mum-maximum), median, frequency distribution and 
percentage. The normal distribution suitability of the 
variables was assessed using both visual methods (his-
togram and probability plots) and analytical methods 
(Kolmogorov-Smirnov). For the variables that were de-
termined not to be suitable for normal distribution, the 
Mann-Whitney U Test was employed for the compari-
sons between two independent groups, and the Kruskal 
Wallis Test was used for statistical analysis among three 
independent groups. Categorical variables were ana-
lyzed using Pearson Chi-square Fisher’s exact test. The 
statistical significance level was set at p<0.05.
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Results
In our study, a total of 364 HCWs were interviewed. 
Among the participants, 261 (71.7%) were female, and 
103 (28.3%) were male. The mean age was 30.3 9.8 years 
(min= 17, max: 60 years). A total of 207 (56.9%) were 
physicians, and 157 (43.1%) were other HCWs.

The distribution of the influenza vaccine status of 
the participants is presented in Table 1. 

Table 1. The distribution of seasonal influenza vaccination 
status of the healthcare workers (n=364)a

n (%)

Seasonal influenza vaccination status

Never received 213 (58.5)

Irregularly received 130 (35.7)

Regularly received (every year) 21 (5.8)

Would like to receive seasonal influenza vaccination

Yes, would like to 115 (31.6)

No, would not like to 249 (68.4)

The reasons for never received seasonal influenza vaccination (n=213) *

Would not trust the influenza vaccine protection 128 (60.1)

Not be thinking to be in the risk group 83 (38.9)

Could not find the time 77 (36.1)

The side-effects of the vaccine 71 (33.3)

To think that influenza is dangerous 44 (20.6)

To think that there are harmful components in the vaccine 35 (16.4)

Needle phobia 7 (3.3)

To think he/she has natural immunity 4 (1.8)

Afraid of being infected after the influenza vaccination 3 (1.4)

The change of vaccine strains every year 3 (1.4)

The vaccine does not contain all strains 2 (0.9)

There is no need to be immunized 2 (0.9)

Allergic reactions after vaccination 1 (0.4)

Would like to develop natural immunity 1 (0.4)
a * ‒ given more than one answer, percentage 

Among the participants, 213 (58.5%) had never re-
ceived the seasonal influenza vaccine. The reasons for 
their preference not to get vaccinated are listed in the 
same table. When all 364 participants were asked whether 
they wanted to receive seasonal influenza vaccination, 249 
(68.4%) HCWs stated that they did not want to get vacci-
nated. When examining subgroups of HCWs, the annu-
al rates of those who receive regular vaccination were as 
follows: among doctors, it was 8.7% (n=18), among allied 
HCWs, it was 2% (n=3). The rates of irregular vaccination 
were found to be 37.7% (n=78) among doctors and 33.1% 
(n=52) among allied HCWs. In both groups, the rates of 
not having received the seasonal influenza vaccine were 
53.6% (n=111) among doctors and 64.9% (n=102) among 
allied HCWs respectively. For all three conditions, statis-
tically significant values were found among doctors and 
other allied health personnel (p<0.001).

When examining the distribution of recommen-
dations for the seasonal influenza vaccine among the 
study participants, 156 (42.9%) of the participants did 

not recommend the seasonal influenza vaccine. Among 
the reasons for not recommending the seasonal influen-
za vaccine, 85 (54.4%) stated that they did not think the 
vaccine was protective, 49 (31.4%) stated that they did 
not find the influenza vaccine safe, and 43 (27.5%) stat-
ed that they did not think the patients they encountered 
were in the risk group. One hundred eighty (49.5%) of 
the participants did not recommend the influenza vac-
cine to their relatives. The most prevalent reasons for 
not recommending were as follows: 102 (56.6%) stat-
ed that they did not think the vaccine was protective, 
58 (32.2%) stated that they did not think their relatives 
were in the risk group for influenza, and 57 (31.6%) of 
them thought the side effects of the vaccine were too 
much, respectively.

The distribution of the answers in the study regard-
ing the questions evaluating their knowledge level is 
shown in Table 2.

Table 2. The distribution of the answers towards the 
questions for evaluating the knowledge level of healthcare 
workers (n=364) 

The questions for evaluating the knowledge level
Correct 
answer
n (%)

Incorrect 
answer
n (%)

Inactivated and live-attenuated types of influenza vaccines exist 214 (58.8) 150 (41.2)
Influenza is a disease caused by bacteria 289 (79.4) 75 (20.6)
The vaccination of the individuals who have a chronic disease is 
very important

317 (87.1) 47 (12.9)

The most common side-affect seen after vaccination is localized 
erythema and induration on the vaccination area

226 (62.1) 138 (37.9)

The live influenza vaccine is applied as intramuscular 155 (42.6) 209 (57.4)
Preservation is maximum in healthy individuals who are 
younger than 65 years

118 (32.5) 246 (67.5)

Influenza disease can be transmitted through small droplets that 
spread by coughing or sneezing

333 (91.5) 31 (8.5)

H1N1 which is one of the subtypes of Influenza A virus is called 
bird flu

102 (28.1) 262 (71.9)

In the influenza disease, the symptoms usually start 2 days after 
the contact with the virus and disappear within 1 week

222 
(61.09)

142 (39.0)

Inactive vaccine is not given to children who are taking aspirin 
treatment

89 (24.5) 275 (75.5)

After the influenza vaccine is given, the protective antibody 
level occurs in usually 10-15 days and reaches the highest level 
in the 3rd week

218 (59.9) 146 (40.1)

Antiviral drugs and influenza vaccine are not taken together 115 (31.6) 249 (68.4)
Since influenza vaccine disrupts the blood sugar regulation, it 
should not be applied to patients with diabetes mellitus

194 (53.3) 170 (46.7)

Live-attenuated vaccine is not given to people who have egg allergy 195 (53.6) 169 (46.4)
Live-attenuated vaccine can be given to pregnant women 174 (47.8) 190 (52.2)

The statement with the highest percentage of cor-
rect answers was ‘Influenza disease can be transmit-
ted through small droplets that spread by coughing 
or sneezing,’ with a rate of 333 (91.5%) participants 
answering correctly. The most common incorrect an-
swer, at a rate of 89 (24.5%), was given to the state-
ment ‘Inactive vaccine is not given to children who are 
taking aspirin treatment.’ The overall knowledge score 
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was calculated by summing up the correct answers 
given by HCWs. The participants’ overall knowledge 
scores had an average of 8.1± 2.8 and a median of 
8 (range=0‒15).

A statistically significant difference in knowledge 
level was observed among occupational groups based 
on the total scores of the participants (p<0.01). The av-
erage total knowledge score of doctors was found to be 
9.1±2.5, while that of other HCWs was 6.7±2.6. The to-
tal knowledge score of doctors was significantly higher 
than that of other HCWs.

When the distribution of total scores of physicians 
was analyzed regarding seasonal influenza vaccination 
status, it was found that the total score of those who had 
never received was 9±2.7, the total score of those who 
received regularly every year was 9.6±2.7, and the to-
tal score of those who received irregularly was 9.3±2.2. 
There was no statistically significant difference between 
the distribution of total scores regarding seasonal influ-
enza vaccination status among physicians (p=0.547).

The analysis of the distribution of total scores re-
garding the seasonal influenza vaccination recommen-
dation status of physicians, revealed that the average 
overall knowledge level score of those who recommend-
ed seasonal influenza vaccination was 9.5±2.3, while 
those who did not recommend had a score of 8.2±2.8. 
It was determined that the overall knowledge score of 
those who recommended seasonal influenza vaccina-
tion was higher (p=0.003).

Discussion
Vaccination is the most effective way to prevent influen-
za outbreaks. Although vaccination is an effective and 
cost-effective method, anti-vaccine opinions are becom-
ing increasingly common not only in the general popu-
lation, but also among HCWs.13

In a study conducted in Türkiye, it was determined 
that 6.7% of HCWs are regularly vaccinated every year, 
and fifty-five percent have never been vaccinated against 
influenza before.14 Our findings were consistent with 
these results. In a study conducted by Lang et al. among 
HCWs in Switzerland, the rate of unvaccinated HCWs 
was found to be 59.8%.15 A similar study conducted in 
Denmark showed that the non-vaccination rate among 
HCWs was 49%.16 The situation remains unsatisfactory 
in low- and middle-income countries like Africa (6.5%) 
and Asia (8.84%), where a lower rate of influenza im-
munization among healthcare professionals (HCPs) has 
been documented.17,18 In another study conducted in 
Finland, the vaccination rate among HCWs was found 
to be significantly higher at 83.7%, in contrast to the re-
sults observed in two other European countries, low- 
and middle-income countries, and our own study.19 

When the vaccination rates of doctors and other 
HCWs were compared, similar results were in favor of 

doctors were obtained, consistent with the findings of 
studies conducted in other countries and our study.15-19

When the reasons for not getting vaccinated were 
examined, not trusting the effectiveness of the vaccine, 
not considering oneself in the risk group, and not find-
ing a suitable time were the most common reasons, re-
spectively. Although the rankings of the reasons for not 
being vaccinated vary in similar studies, their contents 
show significant similarities. In similar studies, it has 
been stated that the most common reasons for not getting 
vaccinated include not believing in the necessity of the 
vaccine and fearing potential side effects.14-17 Hofmann et 
al.’s study revealed that HCPs concerns about adverse re-
actions may serve as a primary barrier to vaccination.20 

Although many studies in the literature have shown that 
such fears have no basis, the fear of side effects is still con-
sidered one of the main causes of low vaccination rates 
for all vaccines.13,18 Moreover, it is known that the most 
crucial reasons necessitating HCWs to receive the vac-
cine include protecting themselves, and their patients and 
ensuring the protection of family members.15,22,23,24

According to the answer given to the question 
“whom should influenza vaccine be recommended to?” 
by HCWs who participated in our study, the rate of the 
answer “healthcare workers” 195 (53.6%) was less than 
expected. Unlike our study, in a study conducted in 
southern India, 93.28% of respondents were aware that 
the seasonal influenza vaccine was recommended for 
health workers, but only 52.1% expressed their intention 
to be vaccinated next year.24 This study reveals a discon-
nection between knowledge of HCWs and their decision 
to get vaccinated. Interventions or strategies aimed at en-
hancing vaccination rates may need to address not only 
awareness but also other factors influencing HCWs’ deci-
sions, such as attitudes, perceptions, or systemic barriers. 
When examining the factors influencing the decision not 
to recommend vaccination, responses indicated a lack of 
belief in the protective efficacy of the vaccine, concerns 
about its safety, and the perception that the encountered 
patients were not in the high-risk group. It was observed 
that the participants had scientifically unproven wor-
ries and negative thoughts about influenza vaccine. On a 
global scale, the influenza vaccination rates for HCWs are 
estimated to vary between 2% and 44%. If HCWs are vac-
cinated at the recommended rates, the protection rate of 
their patients from this infection reaches 90%.10 Adequate 
data supports the conclusion that influenza vaccines are 
both effective and safe.10 In Eastern Europe, although 
confidence in vaccines among HCWs is high, there is still 
some hesitancy towards recommending seasonal influ-
enza vaccines, particularly.25 Negative thoughts and at-
titudes causing vaccine hesitancy have been observed in 
other similar studies in the literature.23,26 HCWs with neg-
ative attitudes toward vaccinations tend to recommend 
them less often.27,28 Therefore, increasing the knowledge 
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levels and awareness of HCWs may be useful in boosting 
both vaccination rates and vaccination recommendation.  

When the knowledge level of the HCWs was eval-
uated, the most correct answer was given to the state-
ment, “Influenza disease can also be transmitted 
through small droplets scattered around by coughing 
and sneezing.” In a similar study conducted by Luo et 
al., HCWs were asked the same question, and it was ob-
served that 98.65% answered correctly.29 The total av-
erage score of all HCWs participating in our study is 
a maximum of 8.1 out of 15. The median value of the 
total score used to determine the level of knowledge is 
8. The result that 52.4% of the HCWs who participat-
ed in our study remained below the median makes us 
think the participants had an insufficient knowledge 
level about influenza vaccination. In a cross-sectional 
study conducted in China, findings revealed that mere-
ly 50% of HCWs in Chongqing possessed a satisfactory 
understanding of influenza and its corresponding vac-
cine.29 However, significant deficiencies in knowledge 
were also discerned; only 50.57% of participants be-
lieved that wearing masks can limit the spread of influ-
enza, and just 58% agreed that the immunity afforded by 
the influenza vaccine is better than natural immunity.29 
Moreover, in some studies, a majority of HCWs believed 
that influenza can only be transmitted by symptomat-
ic patients.17,18,30 Therefore, it is necessary to ensure that 
opportunities are provided for HCWs to regularly up-
date their information about influenza and vaccination.

The overall knowledge score of physicians was sig-
nificantly higher than that of other occupational groups. 
There was no significant difference in the distribution of 
total scores due to the seasonal influenza vaccination sta-
tus of physicians (p>0.05). Additionally, the study showed 
that although physicians with a moderate to high knowl-
edge level constituted 86% of the participants, their reg-
ular vaccination rates were found to be less than half of 
the participants. The knowledge level of physicians who 
recommended seasonal influenza vaccination to their pa-
tients was higher than that of those who did not recom-
mend. In the study conducted by Chen et al. in China, it 
was shown that the knowledge and attitudes of HCWs 
about the influenza vaccine had a meaningful relation-
ship with their behavior.31 Therefore, it was concluded 
that as HCWs’ knowledge of the influenza vaccine in-
creases, there is a likelihood that the rates of recommend-
ing the influenza vaccine to patients will also increase. 

Our study has several limitations. Firstly, the study 
is based on a cross-sectional design; therefore, the find-
ings cannot result in causality, as HCWs are evaluated 
in just one time frame. Secondly, the number of HCWs 
evaluated in the study is far below the total number of 
employees in our tertiary hospital. Generalizations of 
the results presented here should be done with caution. 
Third, vaccination data were collected using a self-re-

ported survey, and the accuracy of the data from these 
HCWs was not verified based on their medical records.

Conclusion
This study revealed low vaccination rates for the influ-
enza vaccine among HCWs. It is of great importance to 
increase the vaccination rates of HCWs, both in order 
to protect their own health and to protect other patients 
and employees from infections that may be transmit-
ted. It is necessary to prioritize education on influenza 
vaccination to increase low vaccination rates and to de-
termine the reasons for reluctance to get vaccinated. It 
is important to explain the necessity, effectiveness, and 
low side effects of the vaccine. It is essential to employ 
innovative strategies related to vaccines and use meth-
ods for encouraging vaccination in the community, as 
well as in HCWs, through communication channels that 
will enable us to reach many people. Through all these 
efforts, the knowledge and awareness levels of HCWs 
regarding the influenza vaccine can be increased, and 
the vaccination rates in the community can be raised.
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ABSTRACT
Introduction and aim. The period immediately after leaving the hospital is known as the transition home, which presents a 
critical time for parents to take on all the responsibilities and care of a child without the support of the hospital environment. 
The purpose of this study is to culturally adapt the Pediatric Transition Experience Measure (P-TEM) instrument into Turkish and 
test its validity and reliability. 
Material and methods. We conducted this methodological study with parents of children who were discharged from the hos-
pital between May 2021 and May 2022. We evaluated linguistic, content, construct, convergent validity, and internal consis-
tency. 
Results. The P-TEM exhibited a two-factor structure and accounted for 65% of the overall variability. The internal consistency 
reliability for the transition preparation and transition support subdimensions was 0.779 and 0.793, respectively, while the total 
measure had a reliability of 0.831. The item-total correlations for the P-TEM ranged from 0.493 to 0.671. Parents who received 
the highest P-TEM scores experienced a 5.1-point improvement (95% confidence interval: 1.7 to 8.6) in their satisfaction with 
healthcare services, which was greater than that of parents who reported lower P-TEM scores. 
Conclusion. It is worth noting that the P-TEM has been validated and has high reliability in Türkiye.
Keywords. measure, parents, pediatric transition, reliability, validity
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Introduction
Hospital transition occurs within 30 days in 38% of 
cases.1 Most children who die post-hospital discharge, 
pass away in their homes, indicating that interventions 
before discharge are optimal for dealing with this over-
looked fatality cause.2 Families report issues during 
their child’s transition from the hospital to home, in-
cluding insufficient preparation for home care, inad-
equate discharge instruction, and a lack of support 
systems following discharge or challenges in accessing 
healthcare providers.3

The period immediately after leaving the hospital 
is known as the transition home, which presents a crit-

ical time for parents to take on all the responsibilities 
and care of the child without the support of the hospi-
tal environment. The experiences or psychosocial prob-
lems experienced by parents who are followed up for 
chronic or acute health problems may differ. Parents 
spend a lot of time caring for their children and meet-
ing their needs, which can be challenging. Dealing with 
chronic illness for a long period of time makes it easi-
er to adjust to care. However, children and parents who 
are hospitalized and discharged for an acute reason may 
need support in transition to home care.4 Adequate in-
formation about the transition home process is crucial 
in preventing adverse events related to the child, such as 
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home accidents, feeding difficulties, re-hospitalization, 
or even death.2 Parents’ experience of caring for their 
children after hospital discharge can be marked by anx-
iety in the initial days following the discharge. This anx-
iety often materializes as the feeling that they are not 
yet ready to move back home with their children. This 
signifies a lack of preparedness for discharge, indicating 
the importance of providing parents with training and 
preparation.5

In pediatrics, surveys completed by parents are fre-
quently employed to evaluate patient and family expe-
riences and gauge quality of care. These assessments 
are considered to be representative of the patient expe-
rience.6 Parent-reported outcomes regarding the qual-
ity of the pediatric transition from hospital to home 
focus primarily on assessing particular aspects of the 
transition experience, such as the discharge process, 
preparedness for discharge, and coping with difficul-
ties post-discharge, rather than the overall experience 
after discharge.7 Patient or parent reported outcomes 
offer valuable insight into their perception of transition-
ing from hospital to home. It is important to maintain 
a logical flow throughout the paper by including caus-
al relationships between statements. Use of objective 
language that is grammatically correct and avoids jar-
gon, contractions, colloquial words or phrases, and or-
namental language. The text should be free of errors in 
punctuation, spelling, and grammar. Lastly, avoid bias 
while maintaining a formal tone. These results can serve 
as useful metric.8,9 

Aim
We examined the Turkish validity and reliability of the 
Pediatric Transition Experience Measure (P-TEM). The 
P-TEM was designed to evaluate parent-reported experi-
ences of transitions from pediatric hospital care to home.

Material and methods
Design and participants
The research was carried out among parents whose 
child had been discharged from the Gynecology and 
Child Hospital in the Western Black Sea Region of Tür-
kiye between May 2021 and May 2022. When it comes 
to improvement studies, the recommended sample size 
ranges from 5 to 10 times the total number of items.10 
As the P-TEM comprises eight items, the total number 
of parents was expected to be over 80. Due to the low re-
sponse rate of screening questions in P-TEM, more par-
ents were recruited. The study sample included a total of 
127 parents, apart from those utilized in the pre-appli-
cation, who met the study’s inclusion criteria. These cri-
teria were as follows: (1) Parents who speak Turkish (2) 
Patients who were discharged from a medical or surgi-
cal unit (3) Patients between the ages of 0 and 18 (4) Ad-
ministered 2 to 8 weeks after hospital discharge.

Data collection
The purpose and scope of the study were explained to 
the parents during a telephone interview held after their 
child’s discharge, and they were invited to participate. 
Data were collected by telephone because the follow-up 
was long and the parents did not come to the hospital 
at each follow-up. The data was collected using the De-
scriptive Information Form, P-TEM, and the PedsQL 
Health Care Parent Satisfaction Scale from a total of 127 
children who met the sampling conditions, excluding 
those who underwent pre-application.

Descriptive Information Form
This form contains inquiries related to the age and gen-
der of the patient, their length of stay in the hospital, the 
unit to which they were admitted, the frequency of their 
hospitalizations, as well as the gender, age, and educa-
tion level of the parent.

Pediatric Transition Experience Measure
Desai et al. developed the Pediatric Transition Experi-
ence Measure (P-TEM) to assess parent-reported expe-
riences of transitioning from hospital-to-home for their 
child.9 P-TEM comprises eight items and includes two 
domains – transition preparation and transition sup-
port. Response options range from 0 to 10 on a Likert 
scale. Scores were computed as the mean of non-miss-
ing responses and converted on a linear scale of 0 to 100, 
where higher scores indicate higher quality.8

PedsQL Health Care Parent Satisfaction Scale (Version 
3.0) (PedsQL)
It is a 25-question survey created by James W. Varni to 
assess contentment with healthcare provisions. Ulus 
and Kubilay subsequently localized it into Turkish.11 
The internal consistency coefficient of Cronbach’s alpha 
reported by Ulus and Kubilay was α=0.93, whereas in 
the present study, it was found to be 0.89.11 The inter-
nal consistency coefficient of Cronbach’s alpha reported 
by Ulus and Kubilay  was α=0.93, whereas in the pres-
ent study, it was found to be 0.89.11 Parents and patients 
were surveyed regarding their child’s experience during 
the admission assessment and the seven days following 
discharge in the post-follow-up assessment.

Health Care Reuse
These measures encompassed healthcare reuse outcomes, 
defined as any unscheduled hospital revisit within 7 or 
30 days. Data were collected from the hospital database.

Cross-cultural adaptation
We followed the guideline for cross-cultural adaptation 
of self-report measures which includes initial transla-
tion, synthesis of translations, back translation, pre-fi-
nal version testing, and adaptation process.12
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Translation 
The initial adaptation phase entailed forward trans-
lation, with subsequent translation and back-transla-
tion to ensure content validity for P-TEM. During the 
first stage, two native Turkish translators independent-
ly translated the English version of P-TEM to generate a 
standardized version.12 Each translator provided a writ-
ten report of their completed translation. Subsequently, 
the two translators collaborated to synthesize the results 
of their translations. In the following stage, two transla-
tors, who were unaware of the original version, translat-
ed the scale items back into its original language. Back 
translations were executed by two English-speaking in-
dividuals without prior knowledge of the concepts dis-
covered and preferably with no medical background. 
After approval was obtained, a draft scale was created.

Expert committee review (Content validity)
Nine experts in child health, nursing, diseases, and 
medical sciences were consulted for assessing the con-
tent validity of the P-TEM Turkish version.12 The scale 
items were evaluated by experts using a four-point rat-
ing system. The content validity index (CVI) for P-TEM 
at the item level and the Lawshe content validity index 
for the scale level were utilized.

Pilot implementation
The pilot implementation marked the final stage of the 
adaptation process. The approach for a novel question-
naire aims to incorporate the pre-final version among 
children in the designated location.12 To assess the com-
prehensibility of the Turkish form, we conducted a pilot 
study involving 30 parents whose children had been dis-
charged from the hospital and agreed to participate. The 
pilot study was conducted with 30 people via telephone 
interviews to further test comprehensibility. Each par-
ent completed a questionnaire and was subsequently in-
terviewed to gain insight into their interpretation of the 
items and selected responses. No changes were made to 
the items after the pilot study. Data from the pilot study 
were not included in the sample.

Statistical analysis 
Descriptive statistics, including frequencies, percent-
ages, arithmetic means, and medians, were presented. 
Data analysis was conducted using the IBM SPSS Ver-
sion 22.0 package program. Content validity was deter-
mined through analysis of CVI values, while Bartlett’s 
Test of Sphericity and Keiser-Meyer-Olkin (KMO) tests 
were used to assess data adequacy and sample size for 
factor analysis. Principal component analysis was per-
formed during the exploratory factor analysis (EFA) 
phase. The construct validity resulting from the EFA 
was verified via a CFA. Internal consistency was evalu-
ated using McDonald’s omega coefficient. To assess con-

vergent validity, multivariable regression models were 
employed. Results were deemed statistically significant 
with a confidence interval of 95%, accepting p<0.05 as 
significant.

Ethical considerations
The study received ethical approval from the universi-
ty ethics committee (Protocol no: 2021-SBB-0212, Deci-
sion no: 6, Dated 04.30.2021) and necessary permissions 
from the institution where the study took place, as well 
as the relevant provincial health directorate. In order to 
use the scale in the study, Arti Desai, the scale’s develop-
er, granted permission via e-mail. Written consent was 
obtained from all parents included in the study.

Results
Most of the children in the study were female (53.6%) 
and fell within the age range of 0 to <2 years (37%). Ad-
ditionally, the majority of children were hospitalized 
for less than 3 days (76.3%) in medical units (80.3%). 
A significant majority of patients (69.3%) have been 
hospitalized more than once. The majority of parents 
(66.1%) were female and had a primary school educa-
tion (51.1%) (Table 1). Table 2 shows the average scores 
and response rates of the scales used in the study.

Table 1. Demographic characteristics of children
Demographic variables n %

Patient age	

0–2 years 47 37

2–4 years 37 29.2

5–12 years 14 11

13–18 years 29 22.8

Patient gender
Girl 68 53.6
Boy 59 46.4

Length of stay in hospital

<3 days 97 76.3

≥3 days 30 23.7

Hospitalized unit
Medical 102 80.3
Surgical 25 19.7

Number of hospitalizations of child

Once 39 30.7

More than once 88 69.3

Parent age

18–34 years 37 29.1

35–44 years 51 40.1

≥45 years 39 30.8

Parent gender

Female 84 66.1

Male 43 33.9

Parent education

Primary school graduate 65 51.1

High school graduate 40 31.4

University graduate 22 17.5
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Nine experts were consulted to assess the con-
tent validity of the P-TEM. CVRs and CVI were then 
computed to enable statistical interpretation of expert 
opinion data. The minimum CVR was set at 75% giv-
en that there were nine experts involved in the study.13 

The CVI was calculated as 78 based on the total average 
of all item CVRs. Considering the content validity in-
dex (CVI) formula of CVI=sum of content validity ra-
tio (CVR) divided by the number of items, as well as the 
provided CVI being equal to CVR, it can be concluded 
that the scale has a statistically significant content valid-
ity (Table 2).

Table 2. Scale items and scores*

Mean±SD Minimum Maximum
Responses in
top box (%)a

P-TEM total score 89.40±14.1 20 100 28.7

Transition preparation 90.42±13.39 0 100 46.8

Transition support 85.02±13.25 0 100 59.4

PedsQL

PedsQL admission assessment 68.44±22.58 10 100 -

PedsQL follow-up assessment 72.76±20.59 10 100 -

Health care reuse

Any 7-d revisit hospital 4.7% - - -

Any 30-d revisit hospital 7.5% - - -

* - – not applicable, P-TEM – Pediatric Transition Experience 
Measure, PedsQL – PedsQL Health Care Parent Satisfaction 
Scale, a – for the P-TEM total score, transition preparation 
subdimension score, and transition support subdimension 
score, top-box responses referred to the proportion of 
respondents with a score of 100; for the individual measure 
items, top-box responses referred to the proportion of 
respondents who selected 10 on the Likert scale (which 
corresponded to “strongly agree”)

Fig. 1. Slope of scree plot

The KMO coefficient was determined to be 0.839, 
and the Barlett’s Test of Sphericity yielded a value of 
112.493 (p<0.001). According to the results of the EFA 
analysis, the P-TEM consists of two factors with an ei-
genvalue greater than 1 (Table 3, Figure 1). The eigen-

value of the first factor was 3.249, accounting for 40.611 
% of the variance, while the second factor had an eigen-
value of 1.874 and accounted for 23.429% of the vari-
ance. The total variance accounted for by the two factors 
was 65.040% (Table 3).

Tablo 3. Exploratory factor analysis: pattern matrix
Items Factors

Transition Preparation Transition Support

Item 1 0.775

Item 2 0.745

Item 3 0.684

Item 4 0.771

Item 5 0.751

Item 6 0.857

Item 7 0.775

Item 8 0.612

Eigenvalue 3.249 1.874

Explained variance 40.611 23.429

Total variance explained 40.611 65.040

Figure 2 depicts the path diagram showcasing the 
standardized results garnered from CFA. All factor load-
ings recorded a p-value less than 0.001, indicating sta-
tistical significance. The goodness-of-fit indices for this 
investigation were as follows: Chi-square/sd=1.46, Root 
mean square error of approximation (RMSEA)=0.005, 
Standardized root mean square residual (SRMR)=0.025, 
Normed fit index (NFI)=0.91, Comparative fit index 
(CFI)=0.96, Adjusted goodness of fit index (AGFI)=0.96 
and Goodness of fit index (GFI)=0.94.

Fig. 2. Path diagram according to confirmatory factor 
analysis results

Participants who received the highest P-TEM scores 
(i.e., top-box responses) experienced an improvement 
of 5.1 points in healthcare parent satisfaction (95% con-
fidence interval: 1.7 to 8.6). However, P-TEM scores did 
not show a significant association with 7 or 30 days of 
reuse, as indicated in Table 4.
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Tablo 4. Difference in PedsQL and health care reuse 
outcomes for respondents with and without top-box 
responses on the P-TEM#

Predictor Variable
Change 

in PedsQL
Any 7-d 

revisit hospital
Any 30-d 

revisit hospital

na b (95% Cl)b na aOR (95% Cl)c na aOR (95% Cl)c

P-TEM total score 127
5.1 

(1.7 to 8.6)**
127

0.8 
(0.3 to 1.9)

127
0.8 

(0.4 to 2.1)

Transition preparation 127
4.6 

(1.2 to 8.3)*
127

0.5 
(0.2 to 1.8)

127
0.5 

(0.3 to 2.0)

Transition support 96
4.9 

(1.7 to 8.3)*
96

0.7 
(0.3 to 2.6)

96
0.7 

(0.4 to 1.9)
# aOR – adjusted odds ratio, CI – confidence interval, 
P-TEM – Pediatric Transition Experience Measure, 
PedsQL – PedsQL Health Care Parent Satisfaction Scale, 
a – the denominators for these analysis are dependent 
on the number eligible for the P-TEM transition support 
subdimension or are due to missing data for the PedsQL 
measure or covariates, b – b coefficient represents the 
difference in PedsQL score, comparing respondents with 
to those without top-box responses on the P-TEM; models 
were adjusted for parent age, parent education, length of 
stay in hospital, and PedsQL admission score,  
c – adjusted odds ratio represents the odds of either a 
7- or 30-d revisit hospital, comparing respondents with 
top-box responses on the P-TEM to those without top-
box responses on the P-TEM; models were adjusted for 
parent age, parent education, length of stay, * – p<0.01, 
** – p<0.001

The “transition preparation” subdimension had an 
internal consistency reliability of 0.779, while the “tran-
sition support” subdimension had a reliability of 0.793. 
The overall measure had a reliability of 0.831. P-TEM 
item-total score correlations ranged from 0.493 to 0.671, 
as shown in Table 5.

Table 5. Internal consistency results

Items
Factors

Transition Preparation Transition Support

Item 1 0.591

Item 2 0.623

Item 3 0.671

Item 4 0.560

Item 5 0.566

Item 6 0.665

Item 7 0.556

Item 8 0.493

McDonald’s coefficient omega (factors) 0.779 0.793

McDonald’s coefficient omega (total) 0.831

Discussion
We tested the validity and reliability of the P-TEM for 
Turkish parents reporting on their experience of hos-
pital-to-home transitions for pediatric patients. The 
Turkish version of the P-TEM indicated a two-factor 

structure with high internal consistency. These findings 
support the high validity of the P-TEM instrument for 
use in Türkiye.

The P-TEM possesses a two-factor structure, which 
was assessed by CFA. The data’s goodness-of-fit indices 
were satisfactory in this research.14–17 Examining both 
EFA and CFA is crucial for testing construct validity in 
scale adaptation and development studies.18 Model fit 
statistics for each iteration of the two-factor CFA are re-
ported by Desai et al.8

Parents with higher P-TEM scores experienced a 
5.1-point improvement (95% confidence interval: 1.7 to 
8.6) in their satisfaction with health care as compared 
to parents with lower P-TEM scores. Desai et al.8 used 
four parameters, including PedsQL and health care re-
use. Unfortunately, there is no standardized scale avail-
able in Türkiye to measure parent-reported experiences 
during a pediatric hospital-to-home transition. Similar-
ly to Desai et al., we employed the PedsQL and health 
care reuse measures to assess convergent validity.8

In this study, the item total score correlations for 
the P-TEM ranged from 0.530 to 0.825. Item-total score 
correlation provides information about whether the 
item accurately measures the quality measured by the 
remaining items in the scale. An item with a lower total 
score correlation value has a smaller share in the scale.19 
The item-total score correlation coefficient should be 
positive and greater than +0.20. Items that do not meet 
this criterion should be eliminated from the scale, and 
the reliability of the remaining items should be reas-
sessed.20

McDonald’s coefficient omega was utilized to assess 
the P-TEM’s internal consistency. Internal consisten-
cy reliability was 0.779 for the “transition preparation” 
subdimension, 0.793 for the “transition support” sub-
dimension, and 0.831 for the overall measure. These re-
sults indicate that the P-TEM is highly reliable.21 Higher 
internal consistency indicates greater compatibili-
ty among scale items and a stronger collaboration be-
tween them in measuring a specific feature.22 Desai et 
al. reported internal consistency reliability scores of 0.87 
for the “transition preparation” subdimension, 0.67 for 
the “transition support” subdimension, and 0.84 for the 
overall measure, determined by McDonald’s coefficient 
omega. These omega values were similar to those found 
in the study of P-TEM.8

Given the high frequency of pediatric hospi-
tal-to-home transitions, there is a substantial need for 
measurement tools such as P-TEM.23,24 P-TEM has been 
validated for reliability in Turkish in this study and is 
expected to be widely used and useful in assessing the 
pediatric hospital-to-home transition experience. In 
this study, we adapted P-TEM to the Turkish language 
and evaluated its validity and reliability in children dis-
charged from hospitals. Future research can test its fea-
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sibility in routine clinical practice. Thus, healthcare 
providers can use P-TEM to assess the parental expe-
rience during hospital-to-home transitions. A study on 
the validity and reliability of P-TEM should be conduct-
ed to assess the experience of hospital-to-home transi-
tions for pediatric patients with various conditions, such 
as chronic diseases. This will ensure the widespread use 
of P-TEM by testing its efficacy and reliability in diverse 
contexts.

Study limitations
A limitation of this study is that the data was collected 
during the COVID-19 pandemic. Collecting data in a 
single center during this period led to a prolonged data 
collection process. Another limitation is that the hospi-
talizations of the children included in the study for acute 
and chronic reasons were not separated. Whether the 
child has an acute or chronic illness may affect the tran-
sition to home. Therefore, it is recommended to conduct 
psychometric analyses on this factor in future studies.

Conclusion
The P-TEM developed by Desai et al. demonstrates 
high levels of validity and reliability in Türkiye. Thus, 
it is advisable to implement this scale to evaluate par-
ent-reported experiences of pediatric hospital-to-home 
transitions in Turkish society. Furthermore, it is sug-
gested to evaluate its validity and reliability in children 
with chronic diseases by using a larger sample.
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ABSTRACT
Introduction and aim. COVID-19 causes an uncontrolled and generalized inflammatory response of the host immune system. 
Early recognition of the disease and early prediction of the clinical course are of great importance. The aim of this study was to 
evaluate the predictive role of the C-reactive protein/albumin ratio (CAR) and the neutrophil/lymphocyte ratio (NLR) for mor-
tality in patients hospitalized with the diagnosis of COVID-19. 
Material and methods. The patients, who were hospitalized for COVID-19 and whose CRP, albumin, neutrophil, and lympho-
cyte levels were documented within the first 24 hours after admission, were analyzed retrospectively. Patients were divided 
into survivors and non-survivors; the groups were compared. Univariate and multivariate Cox regression models were devel-
oped to evaluate the CAR and the NLR as risk factors for mortality in COVID-19 patients.
Results. One hundred and thirty patients were included in this study. The mean age of the survivor group (n=114) was 60±16 and 
52% were male. The mean age of the non-survivor group (n=16) was 75±13 and 56% were male. In the non-survivor group, the CAR 
detected at the time of admission to the hospital was significantly higher compared to patients in the survivor group (p=0.026). 
Conclusion. As a result, the CAR, the NLR and LDH are independent risk factor indicators of mortality in hospitalized patients.
Keywords. COVID-19, C-reactive protein/albumin, neutrophil/lymphocyte

ORIGINAL PAPER

Wydawnictwo UR 2024
ISSN 2544-1361 (online)
doi: 10.15584/ejcem.2024.2.14

Corresponding author: Hatice Beyazal Polat, e-mail: drpolat53@hotmail.com

Received: 26.11.2023 / Revised: 29.01.2024 / Accepted: 2.02.2024 / Published:  30.06.2024

Polat HB, Arpa M, Polat Z, Beyazal M, Çeliker FB, Ayaz T, Ertürk A. Prognostic significance of C-reactive protein/albumin and 
neutrophil/lymphocyte ratios in patients with COVID-19. Eur J Clin Exp Med. 2024;22(2):327–333. doi: 10.15584/ejcem.2024.2.14.

Introduction
The COVID-19 pandemic, caused by the SARS-CoV-2 
virus that emerged in 2019, has spread globally and con-
tinues to be associated with mortality and morbidity de-
spite vaccination.1 The spectrum of disease caused by 
the coronavirus in humans can range from asymptom-
atic forms to severe viral pneumonia with severe acute 
respiratory failure, multi-organ dysfunction caused by 

sepsis and septic shock, and death.2,3 While microbio-
logical and radiological examinations are used for the 
diagnosis of COVID-19 infection, biochemical and he-
matological tests are used to grade disease risk and for 
disease follow-up and treatment.4,5

Biochemical and hematological alterations play im-
portant roles in the pathophysiology of COVID-19 in-
fection and indicate the level of systemic inflammatory 
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response. It has been stated that laboratory tests will be 
useful in the diagnosis of tissue and organ damage relat-
ed to infection, identification of patients with low risk of 
severe disease, identification of patients with poor prog-
noses, and monitoring the course of the disease.6 Com-
plete blood count parameters are common, easy, and 
quick to measure and have been shown to be a prognos-
tic marker in various disorders such as heart disease, tu-
mors, sepsis, pneumonia and acute respiratory distress 
syndrome.7,8 The value of the neutrophil/lymphocyte ra-
tio (NLR), obtained by dividing the neutrophil count by 
the lymphocyte count, from hematological parameters, 
in the diagnosis and prognosis of COVID-19, has been 
demonstrated in many studies.9-15  

The CRP/albumin ratio (CAR) represents a frac-
tion of a positive acute phase inflammatory reactant 
versus a negative acute phase reactant and has the po-
tential to simultaneously indicate the patient’s inflam-
matory response and nutritional status.16 In recent 
years, it has been shown that the CAR can be used as 
a prognostic biomarker in inflammatory disease, can-
cer and cardiovascular disease.17,18 A recent study has 
shown that increased CRP levels and decreased al-
bumin levels in COVID-19 patients may be associat-
ed with disease severity and mortality.19 Biochemical 
and hematological biomarkers can play a crucial role 
in providing valuable insights into the severity and 
prognosis of COVID-19, guiding the determination 
of treatment strategies, and contributing to the clini-
cal management of patients. In the current literature, 
there is a limited number of studies focusing on the 
clinical implications of such biochemical and hemato-
logical markers, and conflicting findings exist among 
the results of these studies.

Aim
The aim of this study is to show the prognostic signifi-
cance of the CAR and the NLR detected at admission in 
patients diagnosed with COVID-19.

Material and methods
For this single-center, retrospective observational study, 
130 patients who were hospitalized due to COVID-19 
and were found to have a positive SARS-CoV-2 RT-PCR 
test between January and April 2021 were included.

Patients younger than 18 years of age, pregnant 
women, patients with negative or no SARS-CoV-2 RT-
PCR test results, patients with respiratory distress due to 
a cause other than COVID-19, and patients with a posi-
tive SARS-CoV-2 RT-PCR test result while hospitalized 
with different diagnoses were excluded from the study. 
Additionally, patients with known hematological abnor-
malities and other inflammatory diseases were not in-
cluded in the study (Fig. 1). The study was approved by 
the Internal Review Board (2021/170) of our center and 

was performed under the ethical standards of the Dec-
laration of Helsinki.

Fig. 1. Flowchart of the patient selection process

According to the WHO guideline (WHO inter-
im guidance), the definitive diagnosis of COVID-19 
is based on real-time reverse transcription-PCR (RT-
PCR) testing. In our study, SARS-CoV-2 RNA was de-
tected by the real-time RT-PCR method as determined 
in the Ministry of Health Public Health Microbiology 
Reference Laboratory. The current treatment guidelines 
prepared by the Ministry of Health were applied in the 
treatment of the patients.

Data collection and laboratory analyzes
The patients’ demographic characteristics and clinical 
information were collected from the hospital’s electron-
ic information system. The existing diseases and diagno-
ses of the patients detected at the time of hospitalization 
were differentiated according to the 19 types of diagno-
sis groups in the Charlson Comorbidity Index (CCI) 
score system, and the sum of the scores corresponding 
to these diagnostic groups was determined as the CCI 
score. For each patient their individual data was entered, 
and the index was calculated online. The pulmonary in-
volvement rate was evaluated by accessing the thorax 
computed tomography reports of the patients from the 
hospital registry system. The pulmonary infiltration rate 
was classified as either below 50% or above 50%. Labo-
ratory results for each patient were recorded in the first 
24 hours of hospitalization. Laboratory analyses were 
performed using a Mindray BC-6800 hematology an-
alyzer (Mindray, Shenzhen, China) for hematological 
parameters and a Beckman AU5800 instrument (Beck-
man Coulter, Ireland Inc.) for biochemical parameters. 
Serum biochemical measurements were performed in 
the hospital clinical laboratory using routine automated 
techniques. Among the laboratory tests creatinine, Na, 
K, Ca, Mg, alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), lactate dehydrogenase (LDH), 
neutrophil, lymphocyte, platelet, ferritin, D-Dimer, fi-
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brinogen, platelet crit (PCT), C-reactive protein (CRP) 
and HBA1C results were recorded. The NLR was calcu-
lated by dividing the neutrophil count by the lympho-
cyte count, and the CAR was calculated by dividing the 
CRP level by the albumin level.

Patient groups were categorized into two distinct 
cohorts for comprehensive comparative analysis: Patient 
groups were compared as non-survivors and survivors. 
The primary focus of our investigation revolved around 
the critical endpoint of mortality, with a keen interest in 
unraveling the factors contributing to survival and those 
associated with unfortunate outcomes.

Statistical analysis
Data analysis was done using the SPSS (Statistical Pack-
age for the Social Sciences, Chicago, IL, USA) 22.0 pro-
gram. Descriptive statistics were presented as mean ± 
standard deviation and median (IQR) for continuous 
variables, and as numbers and percentages for categori-
cal variables. The distribution of continuous variables was 
evaluated and in cases where parametric conditions were 
met, the difference of continuous variables between the 
two groups was evaluated with the independent sample 
t-test, and the Mann Whitney U test. If parametric con-
ditions were not met, the chi-square test or Fisher’s ex-
act test was used in the analysis of categorical variables. 
Log rank analyses were performed, and Kaplan-Mei-
er survival plots were used. A univariate Cox regression 
analysis was used to determine hazard ratios for param-
eters. Then, a multivariate Cox regression analysis was 
performed using the Backward LR method with param-
eters having a p value of >0.2 to construct the final mod-
el. According to the model, proportional hazard ratios 
were used to evaluate the potential independent effects 
of the parameters after adjustment for oxygen saturation 
(SpO2), age, and CCI. The CAR, which was found to be 
an independent risk factor for mortality, was analyzed via 
ROC curve analysis and the optimum cut-off value was 
determined by the Youden Index. Sensitivity and specific-
ity values corresponding to the determined cut-off value 
were presented. A p<0.05 level was considered significant.

Results
The demographic, clinical and laboratory parameters of 
the 130 patients included in this study are shown in Ta-
ble 1. The non-survivor group was older compared to 
the survivor group (p<0.001). While more than 50% 
pulmonary involvement was observed in 22% of the pa-
tients in the survivor group, it was observed in 31% of 
the patients in the non-survivor group. CCI score was 
higher and oxygen saturation was lower in the non-sur-
vivor group compared to the survivor group (p=0.004 
and p=0.012, respectively). There was no difference be-
tween the groups in terms of length of hospital stay. PCT 
and creatinine levels were higher in the non-survivor 

group than in the survivor group (p<0.001 and p=0.007, 
respectively). In addition, CRP levels were higher in the 
non-survivor group, but albumin levels were lower, and 
so the CAR rate was also higher (p=0.022, p=0.048 and 
p=0.026, respectively). There was no difference between 
the groups in other laboratory parameters (Table 1). 

Table 1. Demographic and clinical characteristics of patient 
survivors and non-survivors*

Survivor (n=114) Non-survivor (n=16) p
Age (years) 60±16 75±13 <0.001
CCI 3±2 5±2 0.004
SpO2 on admission, (%) 93±5.2 90±3.5 0.012
Hospital length of stay, (days) 11±6 18±14 0.099
Laboratory
WBC, (/mm3×103) 7.3±4.3 6.4±3.1 0.960
Hemoglobin, (g/dL) 12.4±2 11.6±2.4 0.136
Neutrophil, (/mm3 ×103) 4.6 (3.3) 5.6 (4.6) 0.319
Lymphocyte, (/mm3 ×103) 1.1±0.5 1.1±0.7 0.565
NLR 4.18 (5) 4.57 (7) 0.549
PLT, (/mm3 ×103) 191.2±84.2 186.3±91.9 0.526
MPV, (fL) 10±1.3 10.2±1.3 0.409
PCT, (%) 0.12 (0.14) 0.54 (2.8) <0.001
Glucose, (mg/dL) 158±79 144±60 0.461
AST, (U/L) 27 (18) 35 (69) 0.127
ALT, (U/L) 21 (17) 29 (41) 0.093
Creatinine, (mg/dL) 0.8 (0.4) 1.3 (1) 0.007
Sodium, (mEq/L) 136±4 138±6 0.076
Potassium, (mEq/L) 4.1±0.5 3.9±0.5 0.061
Magnesium, (mg/dL) 2.0±0.3 1.9±0.4 0.447
Calcium, (mg/dL) 9.1±0.5 9.1±0.5 0.650
HbA1c, (%) 7.6±1.5 7.2±0.3 0.607
Ferritin, (ng/mL) 283 (340) 415 (1535) 0.130
LDH, (U/L) 270±102 427±384 0.124
CRP, (mg/L) 42 (92) 104 (86) 0.022
Albumin, (g/dL) 3.7±0.6 3.4±0.7 0.048
CAR 13.16 (27) 39.05 0.026
D-dimer, (ng/mL) 0.68 (1) 0.98 (2) 0.065
Fibrinogen, (mg/dL) 469±147 519±174 0.224

* Values are given as mean ± SD; others given as median 
(IQR), CCI – Charlson comorbidity index, SpO2 – oxygen 
saturation, WBC – white blood cell, NLR – neutrophil/
lymphocyte ratio, PLT – platelets, MPV – mean platelet 
volume, PCT – platelet crit, LDH – lactate dehydrogenase, 
CRP – C-reactive protein, CAR – CRP/albumin ratio

Independent risk factors were evaluated with uni-
variate and multivariate Cox regression analyses. The 
NLR, the CAR and LDH were found to be statistical-
ly significant independent risk factors of mortality. 
(NLR: HR:1.041 [95%CI:1.014–1.070], p=0.003; LDH: 
HR:1.003 [95%CI:1.000–1.005], p=0.031; CAR: HR:1.02 
[95%CI:1.001–1.039], p=0.041) (Table 2). 

The ROC of the CAR for the prediction of 
COVID-19 mortality is shown in Figure 2. A CAR of 
>17.7 was defined as the optimal cut-off point for de-
termining COVID-19 mortality, exhibiting 75% sensi-
tivity and 57% specificity. The area under the curve of 
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the CAR for the prediction of COVID-19 mortality was 
0.672 (95%CI: 0.543-0.801; p = 0.026).

Table 2. Univariate and multivariate cox regression 
analyses for death of COVID-19

Variables

Univariate Analyses

 

Multivariate Analyses

p value HR
95% CI for HR

p value HR
95% CI for HR

Lower Higher Lower Higher

Gender 0.919 0.947 0.33 2.715

CCI 0.176 1.156 0.937 1.427 0.906 0.983 0.733 1.317

Age 0.073 1.038 0.997 1.082 0.324 1.024 0.977 1.074

PI 0.28 1.908 0.591 6.161

D-dimer 0.453 1.115 0.839 1.482

Fibrinogen 0.334 1.001 0.998 1.004

WBC 0.968 1.000 1.000 1.000

PLT 0.904 1.000 1.000 1.000

MPV 0.253 1.231 0.862 1.757

PCT 0.197 1.075 0.963 1.201

Hemoglobin 0.459 0.908 0.704 1.172

NLR 0.003 1.036 1.012 1.061 0.003 1.041 1.014 1.070

AST 0.862 1.000 0.998 1.002

ALT 0.932 1.000 0.996 1.005

Creatinine 0.993 0.999 0.758 1.317

Sodium 0.108 1.087 0.982 1.202

Magnesium 0.864 1.122 0.299 4.207

Calcium 0.263 0.505 0.153 1.671

Potassium 0.921 0.954 0.377 2.414

LDH 0.008 1.002 1.001 1.004 0.031 1.003 1.000 1.005

Ferritin 0.057 1.000 1.000 1.001

HbA1c 0.611 0.724 0.209 2.51

SpO2 0.02 0.902 0.828 0.984 0.663 0.972 0.854 1.106

CAR 0.001 1.025 1.010 1.041   0.041 1.02 1.001 1.039

* CCI – Charlson comorbidity index, PI – pulmonary 
involvement, WBC – white blood cell, PLT – platelets, MPV – 
mean platelet volume, PCT – platelet crit, NLR – neutrophil/
lymphocyte ratio, LDH – lactate dehydrogenase, SpO2 – 
oxygen saturation, CRP – C-reactive protein, CAR – CRP/
albumin ratio

Fig. 2. Receiver operating characteristic curves for CAR for 
the mortality of COVID-19 

A total of 16 patients died during hospitalization. 
All these patients had a CAR ≥17.7. Figure 3 show the 
Kaplan-Meier survival curve for the CAR according to 
this cut-off value. Patients with a CAR above the cut-
off value had significantly higher mortality rates than 
those with a CAR below the cut-off value (log-rank 
test=4.972; p=0.026) (Fig. 3).

Fig. 3. The Kaplan-Meier survival curve for C-reactive 
protein/albumin ratio (CAR)

Discussion
In this study, we aimed to show the prognostic impor-
tance of the NLR, and the CAR detected at admission 
in patients diagnosed with COVID-19. The main results 
of our study are as follows. i) The CAR was observed to 
be higher in the non-survivor group than in the survi-
vor group. ii) Multivariate analyses demonstrated that 
the NLR and the CAR are independent risk factors of 
mortality in COVID-19 patients. iii) A CAR of >17.7 
was defined as the optimal cut-off point for determining 
COVID-19 mortality. 

Since its emergence from Wuhan in 2019, 
COVID-19 has become a serious pandemic. Early de-
tection of patients with poor prognoses is important. 
The systemic inflammatory response is responsible for 
the clinical course of the COVID-19, and one of the im-
portant causes of mortality is the cytokine storm caused 
by the excessive release of proinflammatory cytokines.20

The NLR, calculated by dividing the neutrophil 
count by the lymphocyte count, is one of the important 
markers of immune damage and inflammation, whose 
use has increased rapidly in recent years. Increase in 
the NLR is a risk factor for mortality in malignancy, 
acute coronary syndrome, intracerebral hemorrhage, 
polymyositis and dermatomyositis.13 Numerous stud-
ies have investigated the impact of NLR on mortality in 
COVID-19 patients.11,12,14 

The inflammatory response may cause an increase 
in neutrophil levels by stimulating the release of inflam-
matory cytokines such as TNF alpha and IL-6. Proin-
flammatory mediators such as catecholamines and 
cortisol can bind to the lymphocyte surface and initiate 
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lymphocytic apoptosis, leading to lymphopenia.10 The 
NLR is considered a more reliable inflammatory marker 
because it reflects changes in both neutrophil and lym-
phocyte counts in conditions that correlate with the in-
flammatory response to a disease, such as COVID-19. 
Yang et al. demonstrated that the NLR is an indepen-
dent biomarker to indicate poor clinical outcomes in 
COVID-19 patients.15 Aksu et al. showed that the NLR 
values are inflammatory markers that can be used to 
show pulmonary involvement and disease severity in 
COVID-19 patients.9 A meta-analysis by Sarkar et al. 
showed that the NLR is an independent predictor of dis-
ease severity and mortality in COVID-19.14 In our study, 
the NLR was found to be an independent predictor of 
mortality, in line with previous studies. 

CRP, a positive acute phase reactant, is known to in-
crease in response to infections, inflammation and tissue 
damage.21 It has been shown that CRP levels are high in 
COVID-19 patients and the magnitude of the increase 
correlates with the severity of the disease.22 It is known 
that albumin, a negative acute phase reactant and the ba-
sic protein in the blood, synthesized by the liver, tends to 
decrease in response to acute conditions such as inflam-
mation, trauma, surgery and burns.23 A meta-analysis 
of 11 studies showed that hypoalbuminemia is associat-
ed with the severity of COVID-19.24 In a study includ-
ing 188 patients, it was revealed that the CAR levels are 
superior to the fibrinogen/albumin ratio (FAR) and the 
NLR in predicting disease severity in COVID-19 pa-
tients.25 In a recent study, the CAR was shown to be an 
independent predictor of disease severity in hospitalized 
patients with COVID-19.26 In a study of hypertensive pa-
tients with COVID-19, the CAR levels were shown to be 
an independent predictor of in-hospital mortality.27 In a 
retrospective study of 2309 COVID-19 patients, the find-
ings revealed that a high CAR rate was associated with 
respiratory impairment, the need for oxygen therapy 
and ventilation, bacteremia, and thrombosis. Moreover, 
four different prognostic categories of CAR ratios were 
identified and shown to be associated with 30-day sur-
vival.28 In a study conducted to predict 30-day mortality 
in patients admitted to the emergency department due 
to COVID-19, it was shown that the BUN/albumin ra-
tio and CAR ratio predicted 30-day mortality.29 On the 
other hand, in a retrospective study of 75 COVID-19 pa-
tients, the CAR rate was identified as an indicator of dis-
ease severity, but its relationship with mortality was not 
demonstrated.30 In our study, the CAR was found to be 
higher in the non-survivor group compared to the survi-
vor group, and the CAR was found to be an independent 
risk factor of mortality.

Our findings are potentially clinically relevant for 
treatment options and follow-up for COVID-19 pa-
tients. Since it is more effective to start treatment in the 
early stages of the disease in COVID-19, earlier detec-

tion of high-risk COVID-19 patients using the NLR and 
the CAR values may be very important and effective in 
reducing mortality.

Our study does have some limitations. The number 
of patients is relatively small, and the analysis was retro-
spective. It is important to acknowledge the limitation 
of a relatively small sample size, particularly considering 
the global scale of the epidemic during the study period. 
The challenges posed by the sample size might impact 
the generalizability of the findings, and caution should 
be exercised in extrapolating these results to broader 
populations. It is important to acknowledge the limita-
tion of a relatively small sample size, particularly consid-
ering the global scale of the epidemic during the study 
period. The challenges posed by the sample size might 
impact the generalizability of the findings, and caution 
should be exercised in extrapolating these results to 
broader populations. The NLR was measured only at the 
time of admission to hospital and follow-up NLR values 
were not determined. Some of the parameters are also 
affected by conditions such as body mass index, physical 
activity, smoking and alcohol consumption.31 

Conclusion
In conclusion, both the CAR and NLR values, regarded 
as crucial indicators of the inflammatory response, offer 
valuable insights for clinicians in determining the disease 
trajectory. The ease and rapidity with which CAR and 
NLR can be measured in blood make them valuable tools 
for evaluating the prognosis of COVID-19 patients. How-
ever, it’s essential to note that the AUC value for CAR ra-
tio was found to be low for an ideal predictor in clinical 
decision-making. Therefore, we advocate for a cautious 
interpretation of the AUC, proposing its incorporation as 
supplementary information rather than a standalone de-
terminant. Larger randomized controlled trials hold the 
potential to provide more conclusive evidence on the as-
sociation between NLR and CAR values and in-hospital 
mortality among patients with COVID-19.
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ABSTRACT 
Introduction and aim. This is a prospective interventional study to compare corneal astigmatism before and after pterygium ex-
cision with conjunctival autograft, to determine the difference in mean corneal curvatures before and after pterygium excision, 
to evaluate the safety and efficacy of autologous blood technique, and sutured conjunctival autograft for primary pterygium. 
Material and methods. Patients were divided into group A – pterygium excision+sutured conjunctival limbal autograft and 
group B – pterygium excision+autologous conjunctival limbal autograft under local anesthesia. The preoperative and post op-
erative K1 and K2 values and BCVA were noted. 
Results. There was statistically significant reduction in mean astigmatism at each post operative follow up in group A at 1 week 
(p=0.0249), 2 weeks (p=0.004), 1 month (p=0.0031) and at 3 months (p=0.0009) and similarly in group B post operative follow 
up at 1 week (p=0.0011), 2 weeks (p=0.0021), 1 month (p=0.0009) and at 3 months (p=0.0003). 
Conclusion. Pterygium surgery decreases the cylindrical error and reverts corneal curvatures to normal, thus improving sub-
jective visual acuity. Astigmatism produced by the pterygium is reduced after surgery We found autologous conjunctival auto-
graft is superior than sutural conjunctival autograft.  Pterygium causes astigmatism depending upon the size of pterygium it 
should be surgically removed to prevent obstruction in the vision.
Keywords. astigmatism, autologous blood conjunctival autograft, pterygium
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Introduction
Pterygium was derived from the Greek word ‘Pterygos’ 
which means wing. It is a triangular, wing-shaped, fi-
brovascular, degenerative, hyperplastic proliferative tis-
sue growing from the conjunctival limbal area onto the 
cornea.1 Pterygia usually develops in the interpalpebral 
space with a greater number occurring medially than 
temporally.2 The pterygium is made up of cap, head, 
neck and body. The body extends from the limbus to the 
bulbar surface. The neck being the narrowest portion 
of tissue overlies the limbus and extends onto the pe-
ripheral cornea. The central extension of fibrovascular 

tissue is the head. A white grey avascular subepithelial 
cap is called as stocker line.2 It results in cosmetic prob-
lems, decrease in visual acuity secondary to astigmatism 
and blockage of optical axis. When pterygium is small 
there is only slight irritation in the periods of inflamma-
tory engorgement.3 The progression of a pterygium onto 
the cornea can cause significant corneal distortion and 
corneal astigmatism.4 When pterygium involves the pu-
pillary aperture, obstruction of vision occurs in the pe-
ripheral field and later in the central. Advanced cases of 
pterygium which encroaches onto the cornea may cause 
visual loss secondary to:

https://creativecommons.org/licenses/by/4.0/
http://www.ejcem.ur.edu.pl
https://orcid.org/0009-0000-9284-0389
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1.	 loss of corneal transparency in the visual axis,
2.	 irregular corneal astigmatism (localized flattening).

Induced astigmatism is due to pooling of tears over 
the pterygium apex or due to mechanical traction of the 
pterygium leading to tractional corneal flattening.2 An 
advanced pterygium can produce changes in corneal 
curvature and refractive state before entering the opti-
cal zone, which can cause visual impairment.

Grades of pterygium:5

Grade-I: Crossing the limbus but not reaching the 
pupil margin (<2mm)

Grade-II: Crossing the limbus and reaching up to 
the pupil margin (2–4 mm)

Grade-III: Reaching beyond the pupil margin (in-
volving the visual axis) (>4 mm)

Aim
The aim of the study was to determine the difference in 
mean corneal astigmatism before and after pterygium 
excision. Moreover, we evaluated the safety and efficacy 
of autologous blood technique and sutured conjunctival 
autograft for primary pterygium.

Material and methods 
The prospective interventional study was done in Shri 
Shankaracharya Institute of Medical Sciences, Bhilai, 
C.G. The study period was June 2022 to March 2023. In 
this study total 58 patients with primary pterygium of 
age more than 30 years who attended the Ophthalmol-
ogy Out Patient Department who were suffering from 
primary pterygium were taken after getting permission 
from ethical committee of college (SSIMS/EC/2022/21).

Inclusion criteria were as follows: primary pterygi-
um and age more than 30 years. 

Participants with recurrent pterygium, pseudo-pte-
rygium, surface disorders, cases with serology positive 
for HIV and hepatitis B were excluded from the study. 

All the patients with primary pterygium who at-
tended ophthalmology department were selected. Writ-
ten informed consent was taken. Thorough examination 
of the patient in terms of visual acuity, slit – lamp ex-
amination of anterior segment, posterior segment ex-
amination by direct and indirect ophthalmoscopy was 
done. Data was collected and patients were ruled out ac-
cording to exclusion criteria. Before surgery the blood 
sample for random blood sugar, viral markers were sent.

The patients were randomly divided into two 
groups. All the surgeries were done by a single surgeon.

Group A – had undergone pterygium excision+su-
tured conjunctival limbal autograft under local anesthesia.

Group B – had undergone pterygium excision+au-
tologous conjunctival limbal autograft under local an-
esthesia.

The preoperative and post operative K1 and K2 val-
ues and best corrected visual acuity (BCVA ) was not-

ed. Follow up was done on day 1 (D1), day 7 (D7), day 
(D14), 1 month, 3 months.

On each visits patients were examined for watering, 
foreign body sensation (Fb), pain and graft stability.

Operative procedure 
Eye was painted with 5% povidone iodine and draped. 
Patient was anesthetized by infiltration of 2% xylocaine. 
Then the small conjunctival incision on neck of pteryg-
ium was made and dissected close to limbus separation 
of underlying subconjunctival growth was done. The 
tenon’s capsule was dissected.  Removal of the pterygi-
um was done. A thin tenon’s free conjunctival autograft 
was taken from superiotemporal quadrant. Gentian vi-
olet was used to outline the conjunctiva to be harvested 
measure by Castro Viejo caliper. The donor area should 
be 2 mm larger than the bare sclera as the larger graft 
takes care of graft shrinkage in post operative period.6 
The limbal edge of the graft should be denoted with spe-
cific marks in order to identify the edge. The conjunc-
tival auto graft was then harvested by undermining and 
careful dissection with blunt Wescott scissors. The free 
conjunctival auto graft was positioned over the area of 
bare sclera. Maintaining the limbus to limbus and epi-
thelial-side-up configuration keeping the distance of 0.5 
mm to 1 mm from limbus to include the limbal stem 
cells.7 The autograft was then sutured to the underlying 
sclera at the limbus and to the cut conjunctival edges 
with 10–0 Vicryl sutures in group A where as in group 
B the autograft was positioned over the bare sclera and 
it gets adhered by autologous blood. The graft harvest 
site does not require closure and will re-epithelialize on 
its own. Postoperatively, topical steroids and antibiotics 
were employed at the rate of 4 times a day, and tapering 
over 4 weeks depending on degree of inflammation and 
post-operative course.

Results
Total of 58 eyes were included in study among them 
28 was in group A and 30 was in group B. Location of 
pterygium in each group in which majority of location 
is Nasal (left eye 8 to 10 o’clock and in right eye 2 to 4 
o‘clock approximately) with 96.4% and 96.7% in group 
A and group B respectively.

Table 1. Grading of pterygium

Grading of 
pterygium

Group A Group B

Number of eyes Percentage Number of eyes Percentage

I 4 14.3 5 16.7

II 18 64.3 21 70

III 6 21.4 4 13.3

Total 28 100 30 100
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Fig. 1. Grading of pterygium

Table 1 shows the grading of pterygium in each 
group. The above table shows that 4 (14.3%) of the 28 
eyes in group A and 5 (16.7%) of the 30 eyes in group B 
have grade I, 18 (64.3%) of the 28 eyes in group A and 
21 out of 30 eyes in group B have grade II, and the re-
maining 6 eyes in group A and 4 eyes in group B have 
grade III (Fig. 1).

Table 2. Grading of pterygium and astigmatism

Grading of 
Pterygium

Astigmatism in diopter (Mean±SD)

Group A Group B

Pre-
operative

Post-
operative

p
Pre-

operative
Post-

operative
p

I 2.34±2.2 0.96±0.16 0.002 2.45±0.91 0.94±0.31 0.0008

II 2.51±1.4 1.1±0.18 0.0001 2.81±0.55 1.02±0.25 0.0000

III 6.42±0.81 1.2±1.34 0.0000 6.58±1.73 1.19±1.3 0.0000

Fig. 2. Grading of pterygium and astigmatism for group A

Fig. 3. Grading of pterygium and astigmatism for group B

Table 2 shows the mean astigmatism for each group. 
The table demonstrates that among patients in group A, 
the mean astigmatism pre-operatively is 2.34±2.2 di-
opter (D) and post-operatively 0.96±0.16 D in grade 

I, 2.51±1.4 D pre-operatively and post-operatively 
1.1±0.18 in grade II, and 6.42±0.81 D pre-operative-
ly and post-operatively 1.2±1.34 D in degree III. Pre-
operative mean astigmatism in group B members is 
2.45±0.31 D and post-operatively 0.94±0.31 D in grade 
I, 2.81±0.55 D pre-operatively and post-operatively 
1.02±0.25 D in grade II, and 6.58±1.73 D pre-opera-
tively and post-operatively 1.19±1.3 D in grade III. This 
suggests that astigmatism rises with pterygium grading 
in each group (p<0.001). However, for different grades 
of pterygium, the difference in mean astigmatism in di-
opters between group A and group B was statistically in-
significant (p>0.05) (Fig. 2 and 3).

Table 3. Comparison of values of K1 and K2*

Follow Up

K1 K2

Group A Group B
P-value

Group A Group B
P

Mean ±SD Mean ±SD Mean ±SD Mean ±SD

Pre-operative 42.55 1.78 43.45 1.89 0.0676 45.23 1.79 44.33 1.83 0.0631

Po
st-

 op
er

at
ive 1 week 43.81 1.63 44.19 1.35 0.3364 46.06 1.82 45.61 1.76 0.3426

2 weeks 44.09 1.54 44.33 1.41 0.538 46.32 1.84 45.72 1.56 0.1822

1 month 44.25 1.39 44.21 1.91 0.9281 46.42 1.72 46.78 1.39 0.1236

3 months 44.51 1.25 44.27 1.12 0.351 46.55 1.66 46.81 1.45 0.5271

* K1 – curvature of cornea in vertical meridian,  
K2 – curvature of cornea in horizontal meridian

Table 3 shows difference in vertical meridian be-
tween preoperative and post-operative values within 
each group. Between group A and group B, there was no 
statistically significant difference in the mean values of 
K1 at various follow-up times (p>0.05). However, in the 
postoperative follow-up, the values of K1 marginally in-
creased over time. 

K1 had pre-operative mean values of 42.55±1.78 for 
group A and 43.45±1.89 for group B, respectively. For 
groups A and B, the post-operative at 3 months mean 
of K1 values were 44.51±1.25 and 44.27±1.12, respec-
tively. This indicates that both group A (p=0.0001) and 
group B (p=0.0475) experienced statistically significant 
steepening of the vertical meridian after surgery. It also 
shows difference in horizontal meridian between pre-
operative and post-operative values within each group. 
Between group A and group B, there was no statistically 
significant difference in the mean values of K2 at various 
follow-up times (p>0.05). However, in the postoperative 
follow-up, the mean values of K2 marginally increased 
over time. 

K2 had pre-operative mean values of 45.23±1.79 for 
group A and 44.33±1.83 for group B, respectively. For 
groups A and B, the post-operative at 3 months mean of 
K2 values was 46.55±1.66 and 46.81±1.45, respectively. 
This indicates that both group A (p=0.0051) and group 
B (p=0.0001) experienced statistically significant steep-
ening of the horizontal meridian after surgery (Fig. 4). 
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Fig. 4. Comparison of values of K1 and K2

Table 4. Change in mean astigmatism in group A

Follow Up Number of patients (n=28) Mean SD± p

Pre-operative 28 5 5.8 -

Post-operative 1 week 28 2.1 3.6 0.0249

Post-operative 2 week 26 1.71 1.5 0.0040

Post-operative 1 month 27 1.50 2.1 0.0031

Post-operative 3 month 26 1.18 1.3 0.0009

Fig. 5. Change in mean astigmatism in group A

Table 5. Change in mean astigmatism in group B
Follow Up Number of patients (n=30) Mean SD p

Pre-operative 30 5.11 5.5 -

Post-operative 1 week 30 2.09 3.2 0.0011

Post-operative 2 week 30 1.77 1.4 0.0021

Post-operative 1 month 27 1.33 2 0.0009

Post-operative 3 month 27 1.12 1.1 0.0003

Table 4 shows the change in mean astigmatism in 
group A after surgery.  The Pre operative and post-oper-
ative at 3 months mean astigmatism were 5.00±5.8 and 
1.18±1.3, respectively. There was statistically significant 
reduction in mean astigmatism at each post operative fol-
low up at 1 week (p=0.0249), 2 weeks (p=0.004), 1 month 

(p=0.0031) and at 3 months (p=0.0009). This indicates 
that group A experienced statistically significant reduc-
tion of the mean astigmatism after surgery (Fig. 5).

Fig. 6. Change in mean astigmatism in group B

Table 5 shows the change in mean astigmatism in 
group B after surgery.  The Pre operative and post-oper-
ative at 3 months mean astigmatism were 5.11±5.5 and 
1.12±1.1, respectively. There was statistically significant 
reduction in mean astigmatism at each post operative 
follow up at 1 week (p=0.0011), 2 weeks (p=0.0021), 1 
month (p=0.0009) and at 3 months (p=0.0003). This in-
dicates that group B experienced statistically significant 
reduction of the mean astigmatism after surgery (Fig. 6). 

Table 6. Comparison of symptoms based on surgery

Symptoms
Pre-

operative

Post-operative Post-
operative

overall 
percentage

1 Week 2 weeks 1 month 3 months

Pain
Group A 25 20 10 4 1 0.35

Group B 26 9 1 1 0 0.11

Watering
Group A 24 17 7 2 0 0.27

Group B 19 6 4 0 0 0.13

FB 
Sensation

Group A 23 19 6 3 1 0.32

Group B 22 4 1 1 0 0.069

Table 6 compares symptoms according to the type 
of surgery.  The percentage of eyes that were water-
ing, hurting, or had an FB feeling before surgery was 
roughly the same in groups A and B. There was a sta-
tistically significant difference in the percentage of eyes 
in groups A and B experiencing pain (p=0.041) and FB 
(0.034), while the difference in the percentage of eyes in 
groups A and B experiencing watering was insignificant 
(p=0.261). There was no graft displacement in group A 
while it was noticed in one eye of group B. 

Figure 7 shows that the comparison of best cor-
rected visual acuity (Log MAR) during follow up. In 
group A mean BCVA (Log MAR) pre-operatively was 
0.24±0.2 while it was 0.18±0.1, 0.14±0.1, 0.11±0.14, 
and 0.09±0.06 at 1st week, 2nd week,1st month and 3rd 
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month. An ANOVA test of significance revealed a sta-
tistically significant improvement in mean visual acui-
ty (p=0.034) in group A. In group B mean BCVA (Log 
MAR) pre-operatively was 0.23±0.18 while it was 0.15 
±0.14, 0.12±0.11, 0.1±0.09, and 0.08±0.07 at 1st week, 
2ed week,1st month and 3rd month. An ANOVA test of 
significance revealed a statistically significant improve-
ment in mean visual acuity in group B (p=0.039).

Fig. 7. Comparison of best corrected visual acuity (Log 
MAR) during follow up

We found that autologous conjunctival autograft has 
some advantages as compared to sutured conjunctival au-
tograft which are as follows-Availability of patient’s own 
blood, no extra cost, no risk of transmission of blood re-
lated diseases, no suture related complications. In com-
parison to sutured conjunctival autograft there was less 
watering, pain. Foreign body sensation in autologous 
conjunctival autograft. Graft stability was more in su-
tured conjunctival autograft as we found displacement of 
1 graft in autologous conjunctival autograft.

Discussion 
In our study we found females are more affected than 
males. Similar findings were found in Asokan et al. and 
by  Tomidokoro et al. in which they stated that pterygi-
um has positive correlation with females.8,9

The amount of astigmatism increases with grading 
of pterygium; the finding has positive correlation with 
the studies of Payman et al.10

Table 7. Amount of astigmatism and grading of pterygium
Group A Group B Muhammad Imran 

Saleem et al.11

Sulman Jaffar 
et al.12

Grade 1 2.34±2.2 D 2.45±0.31 D 1.76±0.52 D 1.165±0.849 D

Grade 2 2.51±1.4 D 2.81±0.55 D 2.46±0.74 D 3.46±1.44 D

Grade 3 6.42±0.81 D 6.58±1.73 D 3.57±1.48 D 5.9±0.265 D

The number of astigmatic changes from pre-opera-
tive to post operative value is significant in both group A 
and group B. It has positive correlation with the follow-
ing studies (Table 7 and 8).

Table 8. Changes in mean astigmatism pre and post 
operatively

Mean 
astigmatism±SD

Group A Group B
Hetal Kumar 
Yagnik et al. 

study13

Sejal 
Maheshwari 

study14

Sejal 
Maheshwari 

study15

Mohd Yousuf 
study16

Pre-operative 5.0±5.8 D 5.11±5.5 4.23±3.4 D 4.6 ±2.2 D 4.40±3.64 D 4.32± 1.88 D

Post-operative 1.18±1.3 D 1.12±1.1 1.08±1 D 2.2±2.4 D 1.55±1.63 D 2.11±1.96 D

This verifies the statement that pterygium flattens 
the cornea and increases the horizontal corneal curva-
ture. 

There was significant steepening of horizontal and 
vertical curvature post-operatively in both Group A and 
group B. Similar findings were seen in the following 
studies (Table 9).

Table 9. Changes in horizontal and vertical curvature of 
cornea pre and post operatively

Group A Group B
Muhammad Imran 
Saleem Colleagues 

study11

Hetal Kumar Yagnik 
et al. study13

Horizontal 
meridian 

(K1)

Vertical 
meridian 

(K2)

Horizontal 
meridian 

(K1)

Vertical 
meridian 

(K2)

Horizontal 
meridian 

(K1)

Vertical 
meridian 

(K2)

Horizontal 
meridian 

(K1)

Vertical 
meridian 

(K2)

Pre-
operative

42.55± 
1.78 D

45.23± 
1.79 D

43.45± 
1.89 D

44.33± 
1.83 D

43.71± 
1.12 D

44.9± 
1.41 D

42.15± 
1.94 D

45.55± 
1.62 D

Post-
operative

44.51± 
1.25 D

46.55± 
1.66 D

44.27± 
1.12 D

46.81± 
1.45 D

44.45± 
0.85 D

45.23± 
0.78 D

44.41± 
1.41 D

46.43± 
1.08 D

A statistically significant improvement in mean vi-
sual acuity pre-operatively and post-operatively seen in 
group A and group B was found. Similar findings were 
seen in Bhandari et al., Zheleva et al., Amoah Kwadwo 
et al.17-19 The limitation of this study was its relatively 
small sample size and short follow up period. 

Conclusion
Pterygium surgery decreases the cylindrical error and re-
verts corneal curvatures to normal thus improving sub-
jective visual acuity. These finding were noted in both 
sutured CAG and autologous CAG. Astigmatism pro-
duced by the pterygium is reduced after surgery. We 
found that autologous CAG is superior than sutural CAG.

Declarations
Funding
This research received no specific grant from any fund-
ing agency in the public, commercial, or not for profit 
sectors.

Author contributions 
Conceptualization, M.J.Y., R.K. and R.M.; Methodology, 
R.K.; Software, R.K.; Validation, M.J.Y., R.K. and R.M.; 
Formal Analysis, R.K.; Investigation, R.K.; Resources, 
T.; Data Curation, R.K.; Writing – Original Draft Prepa-
ration, R.K.; Writing – Review & Editing, R.K., M.J.Y. 
and A.D.; Visualization, R.K.; Supervision, M.J.Y. and 



339Comparative study of pterygium excision with suture and sutureless conjunctival autograft

R.M.; Project Administration, A.D. and T.; Funding Ac-
quisition, R.K.

Conflicts of interest
No potential conflict of interest was reported by the au-
thors. 

Data availability
The datasets generated during and/or analysed during 
the current study are available from the corresponding 
author on reasonable request.

Ethics approval
Written permissions were obtained from the Ethical 
Committee of Shri Shankaracharya Institute of Medical 
Sciences (SSIMS/EC/2022/21). The participants were 
informed about the purpose, method, and plan of the 
study by the researchers, and their informed consent 
were obtained.

References
1.	 Ang LP, Chua JL, Tan DT. Current concepts and tech-

niques in pterygium treatment. Curr Opin Ophthalmol. 
2007;18(4):308-313. doi: 10.1097/icu.0b013e3281a7ecbb

2.	 Brightbill FS. Corneal Surgery: Theory, Technique and Tis-
sue. Mosby: Mosby Elsevier; 2009.

3.	 Rokohl AC, Heindl LM, Cursiefen C. Pterygium: pa-
thogenesis, diagnosis and treatment. Ophthalmologe. 
2021;118(7):749-763. doi: 10.1007/s00347-021-01366-9

4.	 Lindsay RG, Sullivan L. Pterygium-induced corneal 
astigmatism. Clin Exp Optom. 2001;84(4):200-203. doi: 
10.1111/j.1444-0938.2001.tb05026.x

5.	 Tan DTH. Effect of Pterygium Morphology on Ptery-
gium Recurrence in a Controlled Trial Comparing Con-
junctival Autografting With Bare Sclera Excision. Arch 
Ophthalmol. 1997;115(10):1235. doi: 10.1001/archo-
pht.1997.01100160405001

6.	 Kirti Nath Jha. ResearchGate. https://www.researchgate.
net/publication/275970613_Pterygium_Excision_and_
Conjunctival-Limbal_Autograft_Transplantation_A_Sim-
plified_Technique. Accessed September 5, 2023.

7.	 Shusko A, Schechter BA, Hovanesian JA. Pterygium Sur-
gery Utilizing Limbal Conjunctival Autograft and Subcon-
junctival Amniotic Membrane Graft in High-Risk Popula-
tions. Clin Ophthalmol. 2020;14:2087-2090. doi: 10.2147/
OPTH.S243584 

8.	 Asokan R, Venkatasubbu RS, Velumuri L, Lingam V, Geo-
rge R. Prevalence and associated factors for pterygium 
and pinguecula in a South Indian population. Ophthal-
mic Physiol Opt. 2012;32(1):39-44. doi: 10.1111/j.1475-
-1313.2011.00882.x 

9.	 Tomidokoro A. Effects of pterygium on corneal spherical 
power and astigmatism. Ophthalmology. 2000;107(8):1568-
1571. doi: 10.1016/s0161-6420(00)00219-0

10.	 Mohammad-Salih PA-K, Sharif AFMD. Analysis of Pte-
rygium Size and Induced Corneal Astigmatism. Cornea. 
2008;27(4):434-438. doi: 10.1097/ico.0b013e3181656448

11.	 Saleem MI, Saleem Channar M, Saleem MF. Effects of Pte-
rygium Excision on Corneal Curvatures. Pak J Med Sci. 
2011;27(2):325-328.

12.	 Jaffar S, Dukht U, Rizvi F. Impact of Pterygium Size on 
Corneal Topography. RMJ. 2009;34(2):145-147.

13.	 Yagnik H K, Billore O P, Das S, et al. Corneal Topographi-
cal Changes after Pterygium Excision Surgery: A Reason 
to Smile. All India Ophthalmic Conference Proceedings. 
2008:27-29.

14.	 Khanna RC, Honavar SG, Metla AL, Bhattacharya A, 
Maulik PK. Psychological impact of COVID-19 on oph-
thalmologists-in-training and practising ophthalmologi-
sts in India. Indian J Ophthalmol. 2020;68(6):994-998. doi: 
10.4103/ijo.IJO_1458_20

15.	 Maheshwari S. Pterygium-induced corneal refractive 
changes. Indian J Ophthalmol. 2007;55(5):383-386. doi: 
10.4103/0301-4738.33829

16.	 Yousuf M. ResearchGate. https://www.researchgate.net/
publication/283137779_Role_of_pterygium_excision_
in_pterygium_induced_astigmatism. Accessed September 
25, 2023.

17.	 Bhandari V, Rao CL, Ganesh S, Brar S. Visual outcome 
and efficacy of conjunctival autograft, harvested from the 
body of pterygium in pterygium excision. Clin Ophthal-
mol. 2015;9:2285-2290. doi: 10.2147/opth.s93580

18.	 Zheleva V, Voynov L. Comparative study of astigma-
tic changes following pterygium excision with con-
junctival autograft transplantation. Biotechnology & 
Biotechnological Equipment. 2018;32(2):433-436. doi: 
10.1080/13102818.2017.1423516

19.	 Amoah K, Lartey SY, Mohammed AK, Ahmed AS, Ar-
thur KAN, Kyei EN. Changes in Astigmatism and Visual 
Acuity after Pterygium Excision in the Ashanti Region of 
Ghana. Annals of African Surgery. 2022;19(2):86-93. doi: 
10.4314/aas.v19i2.5



340 European Journal of Clinical and Experimental Medicine 2024; 22 (2): 340–346

This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY 4.0) license.

http://www.ejcem.ur.edu.pl
European Journal of Clinical and Experimental Medicine 

Eur J Clin Exp Med 2024; 22 (2): 340–346

The effect of thiocetam on the parameters of the nitric oxide 
system under the conditions of the experimental periodontitis 

and immobilization stress formation

Mykhailo Regeda  1, Petro Olekshij  2, Maaryana Regeda-Furdychko  3,  
Lubomur Furdychko  3, Marta Kolishetska  1, Stepan Regeda  4, Vitalii Fil  5  

1 Department of Pathophysiology Danylo Halytsky, Lviv National Medical University, Lviv, Ukraine 
2 Department of Orthopedic Dentistry, Private Higher Education Institution “Lviv Medical University”, Lviv, Ukraine

3 Department of Anatomy, Physiology, Pathology, Private Higher Education Institution “Lviv Medical University”, Lviv, Ukraine 
4 Department of Surgical and Orthopedic Stomatology, Danylo Halytsky Lviv National Medical University, Lviv, Ukraine

5 Department of Medical and Biological Disciplines, Geography, and Ecology, Drohobych Ivan Franko State Pedagogical 
University, Drohobych, Ukraine

ABSTRACT
Introduction and aim. The aim of this work is to study the parameters of the nitric oxide (NO) system in the blood of guinea 
pigs under the conditions of the experimental periodontitis (EP) and immobilization stress (IS) formation and to evaluate the 
effectiveness of thiocetam use.
Material and methods. Experimental studies were performed on 50 guinea pigs (males, body weight 0.18–0.21 kg) which were 
divided into five groups (10 in each): the first group were intact animals as control; the second experimental group were ani-
mals with experimental periodontitis under conditions of immobilization stress (3rd day), the third group included guinea pigs 
with EP and IS on the 5th  day of the combined model process, group IV – animals with EP and IS 15th day (without administra-
tion of thiocetam) and group V – animals on the 15th day of experiment with EP and IS after use of thiocetam.  
Results. As a result of this research, changes in the activity of the NO system in the blood were observed, namely an increase 
in the level of stable metabolites and an increase in the activity of total NO-synthase, which is accompanied by a compensa-
tory inhibition of the L-arginine activity, and these indicators were most pronounced in the late stages of EP and IS formation.
Conclusion. The use of thiocetam showed a corrective effect on the changed variables of NO metabolism in the peripheral 
blood of guinea pigs under the conditions of the EP and IS development.
Keywords. L-arginine, nitric oxide, periodontitis, stress, thiocetam
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Introduction
Generalized periodontitis is a specific dystrophic in-
flammatory process (reflex neurovascular dystrophy of 
periodontal tissues) that occurs as a result of the vari-
ous exogenous and endogenous factors interaction. It is 

characterized by progressive destruction of periodontal 
tissues with subsequent tooth loss. In particular, accord-
ing to WHO data, periodontal disease is found in 80% of 
children and 95% of adults. It is a social problem that in 
the most able-bodied population aged 35–44, the preva-
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lence of periodontal lesions reaches 92–98%.1,2 Progres-
sive generalized periodontitis is one of the main causes 
of tooth loss among the adult population.3

When dystrophic inflammatory diseases of the peri-
odontium occur, the interaction between conditionally 
pathogenic microorganisms of dental plaque (biofilm) 
and the patient’s body (host) is important in its patho-
genesis.4 Its implementation is largely determined by the 
immune response of the host organism.4,5 General so-
matic diseases, smoking, and psychological stress have 
a significant impact on this interaction.6 The impact of 
stressful factors causes changes in the parameters of the 
functional activity of the body’s physiological systems, 
including various adaptive changes in the immune sys-
tem and periodontal tissues.1,6,7 The degree of stressor 
tissue damage depends on the features of the neurohu-
moral mechanisms of tissue metabolism regulation.6

The relevance of the problem is due not only to a 
significant percentage of the periodontal diseases spread 
among the population worldwide, but also to the insuf-
ficiency of early diagnosis and the effective treatment 
of patients with this pathology.7 For the early detection 
of periodontitis, a thorough examination is required, 
which includes collection of information, examina-
tion, probing the depth of the gingival pockets, as well 
as radiography. Considering the polyetiological nature 
and complex pathogenesis of generalized periodontitis, 
complex and multicomponent treatment regimens are 
used to treat patients. 

In particular, Kuvaeva demonstrated the positive ef-
fect of the nitric oxide (NO) modulator in the form of 
arginine gel in the treatment of experimental periodon-
titis in rats.8 Bedeniuk showed the corrective effect of a 
selective inhibitor and -NOS – aminoguanidine, which 
was used at a dose of 20 mg/kg in rats for 14 days together 
with the antioxidant lycopene at a dose of 100 mg/kg for 
generalized periodontitis.9 Several scientists used L-argi-
nine as a drug with a corrective effect on impaired lev-
els of the nitric oxide system during adrenaline-induced 
myocardial damage and immobilization stress.10 

Oleshchuk recommended the application of such 
modulators for the synthesis of NO:11 

1. L-arginine, administered intraperitoneally at 25 
mg/kg in the form of a 2.5% aqueous solution once a 
day for 7 days, 

2. Glutargin is administered intraperitoneally at 45 
mg/kg in an equimolar dose in terms of L-arginine once 
a day for 7 days, 

3. N-nitro-L-arginine methyl ester was adminis-
tered 10 mg/kg as a 1% solution intraperitoneally once 
a day for 7 days.

The full range of treatment measures is quite long, 
expensive and not always sufficiently effective,4,5 there-
fore the issue of treatment regarding the expediency 
of using expert recommendations in the doctors’ dai-

ly practice is extremely relevant and requires special re-
search.

In recent years, researchers have paid considerable at-
tention to studying the role of NO, which lies in providing 
it with optimal work of the whole organism. The import-
ant role of nitric oxide in the regulation of various body 
systems has been experimentally demonstrated, therefore 
it shows that most chronic diseases are directly related to 
the deterioration of the functional state of systems and 
organs responsible for the synthesis of NO in the body 
(blood vessels endothelium, nervous and connective tis-
sue cells – neurons and macrophages).12 

Bedeniuk established disorders in the microcir-
culation system in patients with chronic periodontitis 
with concomitant atrophic gastritis.9 The direct cause of 
microcirculatory disorders is endothelial dysfunction, 
largely dependent on the bioavailability of nitric oxide 
produced by the endothelial form of NOS. In inflam-
matory lesions, hypersecretion of inducible NO usually 
occurs. It leads to the production of excess NO, which 
can play the role of an important effector in the develop-
ment mechanisms of periodontal tissue inflammation. 
In addition, it has been shown that during periodontitis, 
so-called nitrooxidative stress develops, in which nitric 
oxide interacts with superoxide anion, resulting in the 
formation of peroxynitrite. The latter is associated with 
the altering effect of NO on biological macromolecules. 
Especially on proteins and lipids, which in turn causes 
an imbalance in the processes of inactivation of reactive 
oxygen forms, which leads to disruption of the structure 
and function of cell membranes and ends in cell death 
and the development of inflammation.13 

Our previous studies also revealed the develop-
ment of oxidative stress and an imbalance of cytokine 
status in experimental periodontitis (EP) and immobi-
lization stress (IS). Savelieva showed that NO is a factor 
initiating and maintaining the development of inflam-
mation in periodontal tissues in patients with chronic 
generalized periodontitis, and changes in the nitric ox-
ide system play a significant role in the mechanisms of 
periodontitis formation.14

Thus, NO can be considered as one of the most im-
portant regulators of the body’s general adaptive capa-
bilities, which ensures its optimal adaptation to external 
influences of various character and, as a result, mainte-
nance of the necessary level of health in general.15 Al-
most every extreme state of the body and pathological 
process is directly or indirectly related to the multifunc-
tional characteristics of NO. Therefore, further study 
of the nitric oxide effects in medicine and, through the 
process of research, obtaining new scientific facts about 
the peculiarities to the biosynthesis of this compound 
and how its molecular and biochemical effect will allow 
to develop a new strategy and tactics for correcting and 
treating pathologies of various genesis.16
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It is known that the production of NO by macro-
phages under periodontal inflammation stimulates the 
phagocytosis reaction together with other radicals, that 
is, NO can also perform a useful function in periodon-
titis, acting as a non-specific factor of protection against 
bacteria.17 At the same time, NO deficiency contributes 
to the reproduction of pathogens in the periodontal tis-
sues, which leads to this pathological process develop-
ing into chronical. However, a sharp increase in the level 
of NO plays a negative role, as it initiates a number of 
free radical mechanisms that cause the destruction of 
tissues, including periodontal connective tissue.18

Proceeding from the above, it became necessary to 
carry out the pharmacological correction of the revealed 
disturbed metabolic processes concerning the nitric ox-
ide system in EP and IS with the help of the drug thioce-
tam, which belongs to the group of cerebroactive agents, 
possessing nootropic, anti-ischemic, antioxidant, mem-
brane-stabilizing properties, as well as improving the 
rheological properties of blood due to the activation of 
the fibrinolytic system, it stabilizes and reduces areas of 
necrosis and ischemia and eliminates the stress conse-
quences.19,20

It is known that thiocetam has as its main active sub-
stance a morpholinium salt of tiazotic acid (1 mL of a 
solution containing morpholinium salt of tiazotic acid) in 
terms of 100% of the substance – 25 mg, which is equiva-
lent to 16.6 mg of tiazotic acid, and piracetam – 100 mg. It 
should be emphasized that thiocetam contains two com-
ponents: the first, piracetam, is an antioxidant, that stabi-
lizes cell membranes, stimulates alternative metabolism 
pathways in hypoxia, and improves microcirculation. 
The second component is thiotriazolin, which has anti-
oxidant, membrane-stabilizing, immunomodulating, cy-
tokine-correcting, and anti-inflammatory properties, and 
is hepatoprotective and cardioprotective. 

The positive antioxidant and immunocorrective ef-
fect of thiotriazolin was established by Shchepanskyi 
and Rehedа in guinea pigs with bronchial asthma and 
experimental periodontitis and pneumonia.21,22 

To date, the influence of thiocetam on disturbed in-
dicators of the NO system in EP and IS is unknown. But 
taking into account the thiotriazolin component of this 
drug and its wide mechanism of action, which is cov-
ered in the article, it is possible to express an opinion 
about the mediated effect of thiocetam on the specified 
markers of the nitric oxide system in EP and IS.

The mechanisms underlying the stress impact on the 
periodontitis pathogenesis, the specifics of the combined 
pathology course, still require a more detailed study. In 
particular, the assessment of the nitrooxidative stress in-
tensity, which to a certain extent determines the mani-
festation of resorptive processes in the connective tissue, 
becomes important both in studying the formation mech-
anisms and in correcting the periodontitis treatment.

Aim 
The aim of the work is to study the parameters of the ni-
tric oxide system in the blood of guinea pigs under the 
conditions of the EP and IS formation and to evaluate 
the effectiveness of the thiocetam use.

Material and methods 
Experimental studies were performed on 50 guinea pigs 
(males), body weight 0.18–0.21 kg, which were divided 
into five groups (10 in each): the first were intact ani-
mals as control; the second (experimental) group were 
animals under the conditions of experimental peri-
odontitis and immobilization stress development (3rd 
day), the third group included guinea pigs with EP and 
IS on the 5th day of the combined model process, group 
IV – animals with EP and IS 15th day (without using of 
thiocetam) and group V – animals on the 15th day of ex-
periment with EP and IS after the use of thiocetam. 

It is known that guinea pigs serve as a classic ob-
ject for modeling inflammatory and allergic processes. 
Therefore, these animals were used to reproduce this ex-
perimental model of disease and stress. 

Fixed days were chosen: the 3rd, 5th, and 15th day for 
the experiment under conditions of the development of 
EP and IS separately and in their combination before 
and after treatment with thiocetam, which correspond-
ed to the stages of the acute inflammatory response, 
which included the development of the disease (3rd), the 
height of the disease (5th), convalescence (15th day) and 
stages of stress: the 3rd day corresponded to the anxiety 
stage: the 5th day – the stage of resistance and the 15th 
day – the stage of exhaustion.

Experimental periodontitis was modeled by the 
method of Jogan, which consisted of animals that were 
on a diet that included 1 g of dry lyophilized cattle liv-
er, 10 g of dry skimmed milk, and 20 g of crackers.23 
The diet is designed for one guinea pig per day. Morpho-
logically, the presence of periodontitis in animals was 
not confirmed, since this is a long-known, tested exper-
imental model.

Immobilization stress was reproduced by the meth-
od of Horizontov.24 We selected fixed days (3rd., 5th and 
15th) for studies that corresponded to the classic stag-
es of acute inflammation. To correct disorders in group 
V, the drug thiocetam was administered at a rate of 250 
mg/kg intramuscularly from the 6th day of the experi-
ment for 10 days. The application of the specified dose of 
thiocetam was based on experimental scientific studies, 
which used thiocetam at 250 mg/kg of body weight once 
a day for the treatment of cranioskeletal trauma com-
plicated by blood loss with functional and morphologi-
cal disorders of the liver in rats with different resistance 
to hypoxia and established the effect and improvement 
of endogenous intoxication and cytolysis indicators, re-
duced dystrophic-necrotic processes in the liver.19,20 
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They also took into account the fact that thiocetam 
has the main active ingredient morpholinium salt of ti-
azotic acid, which is similar to that contained in thiotri-
azolin, and the latter is used in various doses of 100–250 
mg/kg of body weight in various inflammatory and al-
lergic processes.21,22,25

All experiments on laboratory animals carried out 
with following the European Convention for the protec-
tion of vertebrate animals used for experimental and other 
scientific purposes (Strasbourg, 1986), Council Directive 
2010/63/EU, the Law of Ukraine 3447- IV “Protection an-
imals from the cruelty,” the general ethics of animal ex-
perimentation adopted by the first national Congress on 
bioethics in Ukraine. The study protocol was approved by 
the Ethical Committee of Danylo Halytsky Lviv National 
Medical University (protocol No 35; 05.10.2022).

Activity of NO synthase (NOS) was detected by 
VV Sumbaev method.26 The total activity of nitric ox-
ide synthase was determined by the intensity of NAD-
PH·H+ use in a reaction medium containing 0.6 mL of 
5 mM KH2PO4, 0.6 mL of 1 mM MgCl2, 0.6 mL of 10 
mM CaCl2 in Tris-HCl buffer pH=7.4, 0.6 mL of 4 mM 
aqueous solution of L-arginine, 0.4 mL of 1.0 mM NAD-
PH·H+ solution. The reaction was started by adding 0.3 
mL of experimental biopsy material (tissue homogenate, 
erythrocyte hemolysate) to the reaction mixture. The 
control tube contained a similar set of reagents, except 
for a solution of L-arginine, instead of which 0.6 mL of 
distilled water was added. The reaction was stopped by 
adding 8 mM HClO4 solution to the reaction mixture. 

A decrease in the absorbance of solutions was re-
corded at a wavelength of 340 nm. Nitric oxide synthase 
activity was expressed as nmol of NADPH·H+, which 
was oxidized within 1 minute per 1 mg of protein.

L-arginine content in the blood serum was deter-
mined by the Aleinikov method.27 Up 0.5 mL of a 5% tri-
chloroacetic acid solution was added to 0.5 ml of blood 
serum and centrifuged for 10 minutes at 3000 rpm. 0.5 
mL of the supernatant was taken and 1 mL of a 5% NaOH 
solution, 0.05 ml of a 0.02% alcohol solution of α-naph-
thol, 0.05 ml of a hypobromide reagent, and 0.2 mL of a 
10% urea solution were added and made up with distilled 
water up to 4 mL. After 20 minutes, they were evaluated by 
spectrophotometry using at l=500 nm. The experimental 
sample and control were evaluated by spectrophotometry 
against distilled water. The control contained the same re-
agents as the experiment; instead of serum, distilled water 
was added. Arginine concentration was determined using 
a pre-constructed calibration graph.

Stable NO metabolites were determined by the 
Schmidt protocol.28 The content of total NO products in 
the studied biological samples was determined using the 
Griess reagent, spectrophotometrically measuring the 
staining products at wavelengths l=550 nm. From the mea-
sured optical density values, the average value was found 

and the concentration of stable nitric oxide products was 
determined using a pre-constructed calibration curve.

This method was carried out as follows: 0.2 mL of 
the test sample was placed in a centrifuge tube, and 0.2 
mL of 4% sodium hydroxide solution was added and in-
cubated, stirring, in an ice bath for 10 minutes. After 
this, 0.4 mL of distilled water and 1.2 mL of a 4% solu-
tion of zinc sulfate were added and kept in a water bath 
with ice. In 10 min. centrifuged for 20 min. at a tem-
perature of 0±4 ºС at a speed of 15000 rpm. To 1.4 mL 
of the selected supernatant was added 1.4 mL of Griess 
reagent (1:1), which included: 0.1% N-(naphthyl)eth-
ylenediamine hydrochloride and 1% sulfanilic acid, pre-
pared in 5% orthophosphoric acid. The sample with the 
added reagent was placed for 15 min. in a dark place for 
color development, then absorbance was measured us-
ing a spectrophotometer at l=550 nm. 

The control is an 8% protein solution, processed ac-
cording to the experimental method. Recalculation was 
carried out according to the calibration graph obtained 
with standard solutions with a concentration of total ni-
tric oxide metabolites from 1 to 250 μmol/L.

All numerical results were subjected to statistical 
processing using the arithmetic mean (M), error of the 
arithmetic mean (m), and Student’s test. Calculations 
were performed using statistical and graphical analysis 
tools for Microsoft Excel spreadsheets in the Microsoft 
Office software package.

Results
When studying the activity of stable metabolites, total 
NOS (endothelial and inducible) and L-arginine in the 
blood of guinea pigs with EP and IS, it was recorded that 
at all stages of their formation there were likely chang-
es in variables compared to the control group. Having 
compared the variables of nitric oxide metabolism in 
guinea pigs with EP and IS between different groups of 
animals, we also found shifts in all the indicators we had 
determined in different periods of its formation.

In the dynamics of EP and IS formation, it was no-
ticed that stable metabolites grow practically linearly al-
ready at the initial stage and reach their maximum at 
the latest term of the experiment. When comparing the 
groups, we observe that the studied indicator is almost at 
the same level on the 5th day compared to the 3rd day of 
the experiment (р1≤0.05). Subsequently, the level of stable 
metabolites increases by 7.2% (р1≤0.05) on the 15th day of 
EP and IS compared to the second group (Table 1).

When studying the activity level of total nitric oxide 
synthase (endothelial and inducible) in the blood of guin-
ea pigs with EP and IS, an increase in its level was found 
(on 3rd, 5th and 15th days), both in comparison with the 
control group and between different groups of animals. 
There is a significant increase in nitric oxide synthase in 
all studied days compared to the group II of animals: by 



344 European Journal of Clinical and Experimental Medicine 2024; 22 (2): 340–346

10% (р1≤0.05) and 11.8% (р1≤0.05) on the 5th and 15th 
days respectively, under EP and IS (Table 1, Fig. 1). These 
changes lead to excessive formation of nitric oxide and its 
active derivatives in the blood, which, in turn, causes in-
hibition of enzyme function, DNA damage, activation of 
free radical processes, i.e., in high concentrations, initi-
ates the processes of oxidative and nitrosative stress.

Table 1. The parameters of the nitric oxide system in the 
blood of guinea pigs under the conditions of the EP and IS 
formation. (M ± m, n=40)a

Form of 
experiment

Duration of 
experiments 

in days

Number of 
animals

Stable 
metabolites 
NO mmol/l

Total activity NOS, 
nmol NADPH(H+) /

(min/ml)

L-arginine 
mg/ml

Intact 
animals, 
control

10 17.1±2.4* 0.62±0.11* 41.3±5.0*

Guinea pigs 
with EP 
and IS

3 10 27.7±3.2* 1.1±0.02* 18.4±4.4*
5 10 28.5±3.3* 1.21±0.03* 17.3±3.2*

15 10 29.7±3.4* 1.23±0.03* 15.2±3.4*
a * – changes are likely with respect to the values of the 
control group (р≤0.05)

For a more complete assessment of the nitric oxide 
system parameters, the level of L-arginine activity was 
studied and its regression in the dynamics of EP and IS 
formation was found (Fig. 1). 

 
Fig. 1. The level of nitric oxide system indices in guinea pigs’ 
blood in the EP and IS formation dynamics (% of control)

	
L-arginine is one of the most versatile metabolic amino 

acids which is a precursor to the synthesis of polyamines, 
proline, glutamate, creatine, agmatine, and urea and is 
an important component of the metabolic processes of 
maintaining optimal nitrogen balance in the body, as it is 
a precursor of NO and participates in transportation and 
detoxification excess NO in the body. The part of L-arginine 
that was not subject to metabolism is used as a substrate for 
NO production. Under physiological conditions, synthesis 
of NO from L-arginine occurs with the help of NO-synthase 
enzymes, and the main supplier of endogenous arginine is 
protein metabolism in the body. NO in the brain acts as a 
neurotransmitter, in the work of the immune system – as 
a mediator of the immune response.16,29

As a result of our work, it was noted that the level of 
the studied indicator decreased in comparison between 
groups of animals. Thus, on the 5th day of the development 
of the combined model process, L-arginine was reduced 

by only 6.0% (р1≤0.05) compared to the 3rd day of EP and 
IS. Later, on the 15th day, a similar pattern was noted: a 
gradual decline of L-arginine by 17.4% (р1≤ 0.05), respec-
tively, against the second group of animals (Table 1, Fig.1).

Administration of thiocetam at the rate of 250 mg/
kg intramuscularly from the 6th day of the experiment 
for 10 days led to a partial correction of the variables of 
the nitric oxide system, namely a decrease in the content 
of stable metabolites by 35.3% (р1≤0.05) and total activity 
NOS by 42.6% (p1≤0.05) and a rather significant increase in 
the content of L-arginine in the blood by 81.5% (p1≤0.05) 
compared to the group of guinea pigs with EP and IS before 
therapy (Fig. 2), which indicates a positive corrective effect 
of this medicinal product on the tested tests.

Fig. 2. The effect of thiocetam on the level of the 
parameters of the nitric oxide system in guinea pig blood 
under EP and IS formation dynamics

	
As a result of the research, changes in the activity of 

the NO system in the blood were observed, namely an 
increase in the level of stable metabolites and an increase 
in the activity of total NO-synthase, which is accompanied 
by a compensatory inhibition of the L-arginine activity, 
and these indicators were most pronounced in the late 
stages of the EP and IS formation.

Discussion
NO is a unique molecule for biological organisms, and 
has also very important effects on various pathologic 
and physiologic mechanisms. Many cell types can gen-
erate NO during different pathological and physiologic 
conditions. Recently, many authors have been reported 
the connections between NO and inflammatory diseas-
es. Periodontal pathologies are characterized with spe-
cific periodontal inflammation and host tissues damage 
around the teeth, and additional factors such as force 
application on teeth. However, the production of NO 
and the role of NO in the development of periodontal 
pathologies are unclear. On the other hand, many evi-
dences from previous studies indicates a close relation-
ship between NO and periodontal pathologies.30 

Inflammatory damage also usually involves overex-
pression of the NOS inducible form, which results in the 
production of excessive amounts of NO. This may play an 
important effector role in the inflammation mechanisms 
generated by bacterial endotoxin. Thus, the so-called ni-
trooxidative stress develops along with the inflammation.9
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We have established that EP associated with IS causes 
such pathophysiological features of disorders of the nitric 
oxide system, which consist in a gradual progressive in-
crease in the indicators of stable NO metabolites and total 
NOS activity against the background of a decrease in the 
L-arginine content, most pronounced on the 14th and 24th 
century, period of the experiment, corresponding to the 
stages of the inflammatory process (height and recovery) 
and the stage of stress (resistance and exhaustion) rela-
tive to the control group, which may indicate activation 
of the inflammatory process in the periodontium. The 
decrease in L-arginine content is explained by its exces-
sive consumption for the synthesis of nitric oxide during 
EP and IS. In our opinion, changes in NO levels during 
periodontitis and stress are associated with impaired mi-
crocirculation in periodontal tissues, the influence of hy-
poxia and the inflammatory process, and the action of 
pro-inflammatory cytokines on them, which have been 
proven in several scientific studies.9,21

Thiocetam acts as an antioxidant and anti-ischemic 
agent, helps to improve microcirculation, normalizes bio-
energetic processes, increases the body’s resistance to hy-
poxia, inhibits the formation of reactive oxygen species, 
improves the rheological properties of blood by activat-
ing the fibrinolytic system, stabilizes and reduces areas of 
necrosis and improves cytolysis rates, endogenous intoxi-
cation; reduces degenerative processes in the liver during 
injury against the background of blood loss.19,20 

This drug, by correcting the above pathological pro-
cesses, can indirectly have a positive effect on impaired 
indicators of the NO system, since its use involves not 
only studying the effect on markers of the NO system 
but also elucidating its effect on immune indicators, lip-
id peroxidation processes, cytokine status, proteolysis 
processes in EP and IS.

Thiocetam was started to be administered from the 
6th day of EР and IS, since during this period the distur-
bances of metabolic and immune processes were most 
pronounced, as established in our previous studies (de-
velopment of oxidative stress, increase in the level of an-
ti-inflammatory cytokines against the background of a 
decrease in anti-inflammatory cytokines, inhibition of 
cellular under conditions of stimulation humoral immu-
nity, proteolysis processes against the background of in-
hibition of antiprotease potential), which dominated on 
the 5th, and especially on the 15th day of the experiment.

Conclusion
Under the conditions of the experimental periodonti-
tis and immobilization stress development, a multidi-
rectional vector of changes in the metabolism variables 
of the NO system is observed – an increase in the con-
tent of stable nitric oxide metabolites and the total ac-
tivity of nitric oxide synthases against the background 
of the decrease in the L-arginine concentration, which 

were most pronounced on the 15h day of the exper-
iment. This indicates the production of an excessive 
amount of NO, which can play the role of an important 
effector in the mechanisms of inflammation generated 
by bacterial endotoxin. Increased synthesis of NO can 
exhibit a cytotoxic effect associated with the forma-
tion of peroxynitrite, leading to necrosis or apoptosis, 
i.e. during inflammation, the so-called nitrooxidative 
stress develops, which will lead to the progression of 
the disease.

The use of thiocetam showed its corrective effect on 
the changed variables of NO metabolism in the periph-
eral blood of guinea pigs under the conditions of the EP 
and IS development.
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ABSTRACT
Introduction and aim. An AI model like ChatGPT is a good source of knowledge. We can explore the potential of AI models to 
complement the expertise of healthcare professionals by providing real-time, evidence-based information in infection preven-
tion and control (IPC).
Material and methods. This study involved 110 queries related to IPC, validated by subject experts in IPC. The responses from 
ChatGPT were evaluated using Bloom’s taxonomy by experienced microbiologists. The scores were divided as <3 as being a 
poor response, 3–4 as an average response, and >4 as a good response. Statistical analysis was done by correlation coefficient 
and Cohen’s Kappa.
Results. The overall score was 4.33 (95% CI, q1 3.65–q3 4.64) indicating ChatGPT’s substantial IPC knowledge. A good response 
(i.e.>4 score) was found in 70 (63.6%) questions, while in 10 (9%) questions, it showed a poor response. The poor response was 
seen in needle stick injury and personal protective equipment (PPE) doffing-related questions. The overall correlations were 
found to be significant. Cohen’s Kappa confirmed moderate to substantial agreement between evaluators.
Conclusion. ChatGPT demonstrated a commendable understanding of IPC principles in various domains and the study iden-
tifies specific instances where the model may require further refinement especially in critical scenarios such as needlestick in-
juries and PPE doffing.
Keywords. artificial intelligence, ChatGPT, infection control, large language model, medical education
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Introduction
According to a WHO 2022 report, out of every 100 
patients in acute-care hospitals, seven patients in 
high-income countries and 15 patients in low- and 
middle-income countries acquire at least one health-
care-associated infection (HAI) during their hospi-
tal stay. On average, 1 in every 10 affected patients 
die from their HAI. Infection prevention and con-
trol measures play a vital role in maintaining patient 
safety within healthcare settings. Various studies have 

found knowledge gaps in healthcare workers regard-
ing IPC.1 

Many artificial intelligence (AI) models have 
come out as good knowledge models. AI models like 
ChatGPT, an advanced language model trained on a 
vast array of data, are capable of generating human-like 
responses to a wide range of queries. Several studies 
have been done to check knowledge of these AI models 
in various healthcare fields.2-4

https://creativecommons.org/licenses/by/4.0/
http://www.ejcem.ur.edu.pl
https://orcid.org/0009-0005-1994-6554
https://orcid.org/0000-0002-2451-8766
https://orcid.org/0000-0001-5263-6973
https://orcid.org/0000-0002-0039-5837
http://dx.doi.org/10.15584/ejcem.2024.2.19
mailto:arunaapril11%40gmail.com?subject=


348 European Journal of Clinical and Experimental Medicine 2024; 22 (2): 347–352

Aim
This study aimed to assess the knowledge of the AI 
model ChatGPT using a validated questionnaire in the 
context of hospital infection prevention and control. By 
evaluating its understanding and ability to provide ac-
curate information related to IPC, we can explore the 
potential of AI models to complement the expertise 
of healthcare professionals by providing real-time, ev-
idence-based information in infection prevention and 
control.

Material and methods
This cross-sectional study was conducted using the 
ChatGPT AI model (generation 3.5). A series of 110 
higher-order reasoning queries were posed to ChatGPT, 
covering various learning objectives in IPC, such as 
hand hygiene, HAI prevention, injection safety, anti-
microbial resistance, biomedical waste management, 
environmental cleaning, and disinfection, employee 
immunization status, high-risk areas, standard precau-
tions, bundle care approach, and central sterile supply 
department (CSSD).

To ensure the validity and bias of the questionnaire, 
it was rigorously validated by four subject experts with 
extensive experience in IPC. The first response gener-
ated by ChatGPT for each question was collected and 
stored in an MS Word file for further analysis. 

The collected responses were quantitatively evaluat-
ed by three authors of this study. Authors of the paper 
are experts in the field and intimately familiar with the 
study’s objectives, methodologies, and context. This fa-
miliarity can contribute to a nuanced evaluation. Also, 
the authors have a deep understanding of the intricacies 
of the study, allowing for a more contextually informed 
evaluation. The authors were blind to each other’s eval-
uation and to decrease further bias, correlation coeffi-
cient analysis was performed. The evaluators gave zero 
to five marks to each question. The scores obtained were 
stored in an MS Excel sheet for analysis.

In this study, the answers generated by ChatGPT 
were categorized into specific levels of Bloom’s taxono-
my. Bloom’s taxonomy is a hierarchical model that classi-
fies educational learning objectives based on complexity 
and specificity. Taxonomy comprises six domains rang-
ing from lower to higher levels of cognitive processes: 
knowledge, comprehension, application, analysis, syn-
thesis, and evaluation. The assessment determined the 
specific Bloom taxonomy group, to which the answers 
from ChatGPT belonged.

Statistical analysis
The data was analyzed using software Jamovi version 
2.4.5, including numbers, means, medians, standard de-
viations, and quartiles. Correlation coefficient between 
different evaluators was measured. Cohen’s Kappa was 

employed to validate the reliability of the evaluators’ do-
main categorizations. p<0.05 was taken as significant.

Results
A total of 110 higher-order reasoning queries were 
posed to the ChatGPT model, all the questions were giv-
en marks on a scale from zero to five. 
A section-wise score is given in Table 1.

Table 1. Section wise score
No. Section name Median score Lower CI* Upper CI

1 Hand hygiene 4.42 3.48 4.79

2 Standard and transmission-based precautions 4.58 3.88 4.78

3 Personal protective equipment (PPE) 4.17 3.52 4.41

4 Hospital acquired infection 4.25 3.37 4.79

5 CSSD 4.67 3.95 4.85

6 Injection safety needle stick management 4.33 3.05 4.52

7 Antimicrobial stewardship program 4.42 3.97 4.67

8 High risk areas 4.33 4 4.64

9 Infection control policy 4.17 3.68 4.45

10 Disinfection and environmental cleaning 4.08 3.65 4.59

11 Bundle care approach 4.25 3.64 4.39

 *CI= Confidence interval

The overall score was found to be 4.33 (95% CI, q1 
3.65–q3 4.64) out of five.

We divided the scores as <3 as poor a response, 3-4 
as an average response and >4 as a good response. The 
result of 110 questions was:
Response Number of questions
Poor 10
Average 30
Good 70

Table 2. Some questions asked to ChatGPT
Questions Average marks Answer domain

If a nurse gets a needle stick injury, what first aid she 
should take?

2.3 Knowledge

What types of tests are available to detect blood-
borne viruses, list all?

4.5 Knowledge

Which parameters determine hepatitis B virus (HBV) 
infectivity?

3 Knowledge

How we improve hand hygiene compliance among 
nurses?

4.8 Knowledge

What are the infection control requirements to 
establish a 4-bed medical Intensive care unit (ICU)?

4.3 Application

How to prevent bacterial contamination of red blood 
cells (RBC) units in blood banks?

4.6 Application

In hand hygiene questions, such as “How can we 
improve hand hygiene compliance among doctors?” the 
provided answer included points such as education and 
training, leadership commitment, awareness campaigns, 
easy access to hand hygiene facilities, peer support and 
accountability, continuous quality improvement, cele-
brating success, and patient and family involvement. The 
score given to this answer is 4.8 (Table 2). In questions 
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related to standard and transmission-based precautions, 
like “What standards should be maintained in a negative 
pressure room?” the answer encompassed points such as 
airflow and pressure, per hour air exchange, filtration, 
room integrity, directional airflow, and monitoring and 
maintenance, earning a score of 4.6.

In the HAI section, the question asked was, “What 
is the infectivity period of measles?” The answer provid-
ed was, “The infectivity period of measles refers to the 
timeframe during which an individual with measles can 
transmit the virus to others. The infectivity period typ-
ically lasts for approximately 4 days before the rash de-
velops until 4 days after the rash appears,” resulting in a 
score of 4.2.

In the CSSD section, the question was, “How can we 
maintain the air quality of CSSD?” The answer outlined 
points such as the Heating, Ventilation, and Air Con-
ditioning (HVAC) system, positive pressure, air filtra-
tion, segregated airflow, ventilation and exhaust, regular 
maintenance, monitoring and testing, staff training, and 
practices, receiving a score of 4.7.

In the injection safety section, a question was asked, 
“If a nurse experiences a needlestick injury, what first 
aid should she take?” The answer included points such 
as first aid, follow-up, and counseling, although the sug-
gestion was given to squeeze the finger (score 2.3).

In the PPE section, a question was asked, “If PPE 
is visibly soiled while on duty, what should be done be-
fore doffing?” The answer suggested all points like hand 
hygiene, proper doffing, and disposing of contaminated 
PPE, although there was no mention of removing soil-
ing with an alcohol swab before removing PPE (score 3).

A question regarding infection control policy was 
asked, “Where should a doctor sit in a respiratory out-
door department (OPD)?” The answer provided points 
such as physical distancing, proper ventilation, hand hy-
giene, and the availability of PPE facilities, receiving a 
score of 4.

Fig. 1. Score distribution by evaluator 1

In Figure 1, 2 and 3, score distributions by evalu-
ators are shown where, x axis shows question number 
and the y axis denotes marks given.

Fig. 2. Score distribution by evaluator 2

Fig. 3. Score distribution by evaluator 3

The marks given by the three evaluators were dif-
ferent, so to decrease bias and subjectivity, correlation 
coefficient was performed. The overall correlations be-
tween Evaluator 1 and Evaluator 2, Evaluator 2 and 
Evaluator 3, and Evaluator 3 and Evaluator 1 were found 
to be 0.55, 0.67, and 0.39, respectively (Fig. 4). These val-
ues provide an overview of the general agreement be-
tween each pair of evaluators across the entire set of 
questions.	

Fig. 4. Correlation coefficient between different evaluators 
(Ev)

To assess the consistency between different pairs of 
evaluators, correlations were calculated for all 11 sec-
tions of the questions (Fig. 5).

Overall, the highest correlation was observed be-
tween Evaluator 2 and Evaluator 3, indicating the clos-
est agreement between these two evaluators. In contrast, 
the correlation between Evaluator 3 and Evaluator 1 was 
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relatively lower. While some sections demonstrated 
strong consensus and agreement among all evaluators, 
others like the antimicrobial stewardship program (sec-
tion 7) and infection control policy (section 9) showed 
mixed results with moderate to low agreement.

Fig. 6. Categorical analysis of answers

As shown in figure 6, out of 110, 70 answers were 
in the knowledge domain and 18 in the application do-
main. Rest questions showed creativity, understanding, 
analysis, and evaluation-based answers.

Table 3. Cohen’s Kappa, to validate the reliability of the 
evaluators’ domain categorizations*

Qualitative 
criteria

Kappa 
agreement

Ev 1 & Ev 2

Agreement
Expected 

agreement
Kappa Std. Err. Z p>Z

67.27% 44.14% 0.4141 0.0549 7.55 0

Ev2 & Ev3

Agreement
Expected 

agreement
Kappa Std. Err. Z p>Z

76.36% 46.36% 0.5594 0.0563 9,93 0

Ev3 & Ev1

Agreement
Expected 

agreement
Kappa Std. Err. Z p>Z

59.09% 45.80% 0.2452 0.056 4.38 0

* Ev – evaluator, Std. Err. – standard error, Z – Z score 

To validate the reliability of the evaluators’ domain 
categorizations, Cohen’s Kappa was employed. Cohen’s 
kappa is a quantitative measure of reliability for two rat-
ers who are rating the same thing, correcting for how 
often the raters may agree by chance. These insights 
have practical implications for improving the validity of 
the evaluation process and enhancing the overall quali-
ty of the study’s findings. For evaluator 1 and evaluator 
2, the Kappa value of 0.41 indicated a moderate level 
of agreement beyond chance, with 67% of their domain 
categorizations matching. Similarly, for evaluator 2 and 
evaluator 3, the Kappa value of 0.55 signified substantial 
agreement beyond chance, with 76% of their domain 
categorizations matching. For evaluator 3 and evaluator 
1, the Kappa value of 0.24 indicated a fair level of agree-
ment beyond chance, with 59% of their domain catego-
rizations matching (Table 3).

The significant (low p>Z) values of 0.00001 for all 
three pairs of evaluators underscored the statistical sig-
nificance of the observed agreements, reinforcing the 
reliability of their domain categorizations.

Discussion
The results of this research study provide valuable in-
sights into the knowledge base of ChatGPT in IPC, the 
overall score was found to be 4.33 (95% CI, q1 3.65–q3 
4.64). The median score was almost similar in all the 
sections. A good response (i.e. >4 score) was seen in 70 
(63.6%) questions while in 10 (9%) questions, it showed 
poor response.

ChatGPT consistently provided commendable re-
sponses to inquiries, with exemplary instances attached 
as annexures to this paper. Noteworthy is its compre-
hensive guidance when prompted for infection con-
trol measures to establish a 4-bedded medical ICU, 
where it emphasized adherence to “Universal precau-
tions.” These responses showcase the model’s adeptness 
in offering practical and informed recommendations 
for healthcare scenarios. The model provided insight-
ful and well-structured answers to questions related to 

Fig. 5. Correlation coefficient between different evaluators for different sections (Ev – evaluator)
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hand hygiene, standard and transmission-based precau-
tions, HAI, CSSD, injection safety, PPE, and infection 
control policies.

In the context of hand hygiene, ChatGPT outlined a 
comprehensive strategy to improve compliance among 
doctors, covering crucial aspects such as education, 
training, leadership commitment, awareness campaigns, 
facility accessibility, peer support, accountability, con-
tinuous quality improvement, and patient and family in-
volvement. In the section on HAI, ChatGPT accurately 
conveyed information regarding the infectivity period 
of measles, underlining the critical timeframe during 
which an individual with measles can transmit the virus.

However, the study identified a notable discrepancy 
in the injection safety section, where ChatGPT suggest-
ed squeezing the finger as part of first aid for a nurse ex-
periencing a needlestick injury, contrary to established 
protocols. Similarly, in the PPE section, ChatGPT omit-
ted a crucial step related to decontamination with an 
alcohol swab before removing visibly soiled PPE. This 
indicates a nuanced gap in the model’s understanding of 
detailed protocols.

In studies done by Sinha et al. and Ghosh et al. in 
pathology and biochemistry respectively, the score was 
4.08 and 4.0, which is similar to our score.3,7 Studies 
have been done to solve image-based queries in pathol-
ogy, ophthalmology, and dermatology using deep learn-
ing and convolutional neural networks (CNN).8–10 With 
the help of technical expertise, we can also make deep 
learning networks to solve complex IPC problems.11-13

The overall correlations between different pairs of 
evaluators for the 110 questions were calculated, indi-
cating agreement among the evaluators was on the pos-
itive side. While some sections demonstrated strong 
consensus and agreement among all evaluators, others 
like the antimicrobial stewardship program and infec-
tion control policy showed mixed results with moderate 
to low agreement. Although Sinha et al. and Ghosh et al. 
in their studies showed good inter-rater comparability 
which can be due to objective answer type questions.3,7 
In our study, the questions were based on routine 
healthcare activities, as well as real life scenarios, and 
evaluators were blind towards each other’s evaluation. 

While doing categorical analysis, most of the an-
swers are in the knowledge domain followed by the 
application domain. This correlates with the fact that 
this is mainly a knowledge model which can show hu-
man-like responses.

To validate the reliability of the evaluators’ domain 
categorizations, Cohen’s Kappa was employed, yield-
ing Kappa values of 0.41, 0.55, and 0.24 for the different 
pairs of evaluators. These Kappa values indicated mod-
erate to substantial agreement beyond chance, with sta-
tistically significant results. 

Study limitations
The study also highlights some limitations and areas for 
improvement. It was a questionnaire-based study which 
encompassed inquiries related to diverse facets of infec-
tion control. It’s important to note that the nature of the 
queries could vary depending on the specific context of 
hospital settings. ChatGPT belongs to the category of 
large language models (LLMs), characterized by their 
capacity to update their knowledge base consistently. 
There were some other limitations like lengthy answers 
given for all types of questions and ChatGPT was un-
able to provide references, and guidelines for its source 
of information. Apart from that, we couldn’t compare 
this model with other AI models, which can be done in 
further studies in this area.

Conclusion
AI models like ChatGPT are a good source of knowl-
edge. Overall, ChatGPT demonstrated a commendable 
understanding of IPC principles in various domains like 
hand hygiene, standard precautions, hospital acquired 
infections, infection control policy, etc. The study iden-
tifies specific instances where the model may require 
further refinement to align consistently with established 
protocols, especially in critical scenarios such as needle-
stick injuries and PPE doffing. The findings underscore 
the importance of ongoing model training and valida-
tion to enhance its reliability in providing accurate and 
contextually appropriate information in healthcare set-
tings. The integration of AI models like ChatGPT in IPC 
practices could enhance patient safety and overall out-
comes by providing healthcare professionals with reli-
able and up-to-date information. It can complement the 
expertise of healthcare professionals and support deci-
sion-making processes in real time.
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ABSTRACT  
Introduction and aim. Gifted children are defined as extraordinary children due to their high level of intelligence and specific 
skills. This study aimed to examine gifted children and their peers perceived parental attitudes, quality of life (QoL), and psy-
chosocial problems. 
Material and methods. The study sample consisted of two groups: (1) gifted children (study group) and their parents and (2) 
peers (control group) and their parents. Data were collected using a descriptive characteristics form, the parental attitude scale 
(PAS), the pictorial pediatric symptom checklist (PPSC) and the pediatric quality of life inventory (PedsQL). 
Results. Both groups were similar in terms of age, gender and grade level. It was mostly the mothers who completed the data 
collection forms. The study and control groups had a mean PAS score of 94.18±0.738 and 99.31±0.798, respectively and a mean 
PPSC score of 16.11±0.475 and 16.76±0.480, respectively. The study and control groups had a mean QLS score of 83.19±0.70 
and 80.28±0.83, respectively. There was a weak positive correlation between the PAS and PPSC scores (r=0.92; p<0.166).
Conclusion. It is recommended that parental attitudes and their effects on children’s psychosocial status and QoL be moni-
tored and that parents be supported. Parental attitudes and a child’s psychosocial and behavioral problems and QoL levels 
should be assessed to by health professionals be able to improve the well-being of both children and their parents.
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Introduction
Although intelligence is a broad concept, it is a common 
component of talent. The concept of intelligence has 
evolved throughout history, but today it refers to only 
mental potential and academic achievement, and there-
fore, falls short of determining talent, which encom-
passes intelligence. In this study, we used the concept of 
“gifted” instead of “genius.”1,2

Giftedness is a complicated and extensive concept, and 
therefore, there is no consensus on the definition of “gift-
ed child.” Although giftedness used to be defined from a 
one-parameter intelligence level, today, it is defined from 
the perspectives of talent, performance, and intelligence.3 

Gifted children are defined as extraordinary children 
because they have high levels of intelligence and specific 
skills. Due to their distinctive comprehension, consider-
ation, and perception capacities, they go through positive 
or negative experiences in the family, school, and soci-
ety. Although they generally have no academic and lin-
guistic problems, they experience emotional and social 
problems, such as challenging family authority, having 
difficulty communicating with peers, solitude, becoming 
easily bored, giving the impression of knowing it all, fear 
of making errors or failing, perfectionism, depression, 
anxiety, and social isolation.4-7 They may also have diffi-
culty communicating with their friends and have more 
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problems than their peers due to their intuitive and sen-
sitive nature.8,9 The talents that gifted children have can 
affect the life heritage of children as well as their psycho-
social problems. In the study conducted on the life her-
itage of gifted children, it was found that the quality of 
life of gifted children differed from their peers. Social and 
physical functionality, which are subcomponents of qual-
ity of life, were found to be worse in gifted children com-
pared to their peers. In the study, it was stated that the 
quality of life of gifted children was significantly lower 
than that of their peers and that the abilities of children 
could negatively affect their quality of life.10

In the development of gifted children, parents’ ed-
ucation levels, personality traits and communication 
styles can be among the important variables. Especially 
in early childhood, the positive attitude of parents, their 
support and involvement with their children can have 
a significant impact on their children’s development by 
providing an atmosphere that encourages outstanding 
results. A kind, supportive, and respectful school, fam-
ily and peer environment helps gifted children develop 
behavioral, emotional, and social skills and thrive aca-
demically, while parental conflict and rude and author-
itative attitudes hinder their communication skills.11-13 
Unfortunately, when gifted people are unable to meet 
their own and their family’s high standards, they may 
become disillusioned and dissatisfied with themselves 
and their environment, and may face numerous psy-
chosocial problems.14-16 Perceived negative parental atti-
tudes may negatively impact gifted children’s quality of 
life (QoL) and psychosocial status. QoL is a response to 
mental, physical, and social conditions. In other words, 
QoL refers to perceived well-being and value, which are 
the most fundamental subjective indicators of being at 
peace with oneself.17,18 

As with all children, parents’ attitudes play a vital 
role in the development of gifted children. Positive at-
titudes support psychosocial and behavioral develop-
ment and improve the quality of life. Low psychosocial 
problems and high quality of life can have a significant 
impact on the individual and social development of 
children and can help them grow up as healthy adults. 
parents, teachers and nurses have important duties in 
the developmental processes of children. Pediatric nurs-
es are responsible for protecting the physical, emotion-
al and social health of children and play an important 
role in the development of gifted children. Therefore, 
pediatric nurses should monitor children and identify 
and solve their problems. Few studies have investigated 
the relationship between parents’ attitudes and the psy-
chosocial problems and quality of life of gifted children. 
Furthermore, there is little published research examin-
ing the impact of parents’ support and family-centered 
care by pediatric nurses on children’s psychosocial and 
behavioral development. 

Aim
Therefore, this study analyzed the perceived parental at-
titudes, psychosocial problems and quality of life of gift-
ed children and their peers. It is thought that the study 
can be pioneering by contributing to the field with the 
data obtained. In addition, in line with the findings, it is 
thought that it can be a resource in the content of train-
ing programs for parents.

Material and methods
This descriptive study was conducted to compare gift-
ed children and their peers perceived parental attitudes, 
psychosocial problems, and QoL.

Research population and sample 
The study was conducted in four science and art centers 
of a metropolitan city and at the elementary and second-
ary schools with the highest number of students in a ma-
jor district. The study group consisted of 231 second- and 
fifth-grade gifted children and their parents. The first rea-
son was that gifted children take an exam administered 
by the Ministry of National Education in the first, second, 
and third years, and therefore, they begin to attend sci-
ence and art centers from the second year on. The second 
reason was that children reach preadolescence from sixth 
grade on, and therefore, may experience psychosocial 
problems.19 The control group consisted of 249 second- to 
fourth- grade (elementary school) and fifth-grade (sec-
ondary school) children and their parents. Both groups 
were similar in terms of grade level, age, and gender. 

Inclusion criteria for both groups
	– Those with no attention deficit hyperactivity disor-

der (ADHD), autism, dyslexia, and any other chro-
nic disease were included in the sample. 

	– Second- and fifth- graders were recruited.
	– Not experiencing stress or trauma in the last 6 years
	– Filling out data collection forms completely

Exclusion criteria for both groups
	– Not going to 2nd or 5th grade
	– Refusing to participate in the study
	– Filling out data collection forms incompletely

Data were collected using a descriptive characteris-
tics form, the parental attitude scale (PAS), the pictorial 
pediatric symptom checklist (PPSC), and the pediatric 
quality of life inventory (PedsQL). After data collection, 
grades were defined as second, third, fourth, and fifth 
to sample a control group. Sections for each grade were 
selected using simple random sampling. Power analysis 
was performed using GPower 3.1 to ascertain whether 
the sample was large enough (n=480) to detect signifi-
cant differences. The power analysis revealed a power of 
90% with an effect size of 0.1482 (α=0.05).
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Data collection tools 
The descriptive characteristics form consisted of 18 
items on children’s demographic characteristics (age, 
gender, grade level, school, birth order, etc.) and parent’s 
demographic characteristics (age, gender, education, in-
come, employment, etc.).

The parental attitude scale (PAS) is a 30-item scale 
developed by Kucukturan.20 It consists of two subscales; 
responsibility/acceptance (15 items) and authority/su-
pervision (15 items). The total score ranges from 15 
to 75 in each subscale. Higher “responsibility/accep-
tance” scores indicate that parents accept, support, and 
trust their children more and give them more respon-
sibility. Higher “authority/supervision” scores indicate 
that parents put more pressure on their children, in-
flict more punishment on them, have more psycholog-
ical control over them, make them feel more guilty and 
embarrassed, and show them less affection. Kucuktur-
an reported that PAS had a Cronbach’s alpha of 0.79, 
while the responsibility/acceptance and authority/su-
pervision subscales had a Cronbach’s alpha of 0.88 and 
0.85, respectively. PAS had a Cronbach’s alpha of 0.78 
in this study.20

The pictorial pediatric symptom checklist (PPSC) is 
a 35-item Likert-type scale developed by Leiner et al. The 
scale is completed by parents to early diagnose psycho-
social problems in children between the ages of 6 and 16 
years. Items 5, 6, 17, and 18 are removed when used for 
elementary school children aged 4 to 5 years. The cut-off 
point is 24 and over for minors. Ardıc and Barlas adapted 
the scale to Turkish for children aged 6 to 16 years.21 They 
found the Cronbach’s alpha of the Turkish version of the 
scale as 0.89, which was 0.84 in this study.

The pediatric quality of life inventory (PedsQL) is a 
23-item scale developed by Varni et al. to measure the 
health-related QoL in children aged 5-7 and 8-12 years. 
The PedsQL consists of four subscales assessing phys-
ical functionality (eight items), emotional function-
ality (five items), social functionality (five items), and 
school functionality (three items for children 2–4 years 
of age and five items for other age groups). Scores are 
linearly transformed to a scale of 0 to 100 (0=100, 1=75, 
2=50, 3=25, and 4=0). The “physical functionality” sub-
scale score is linearly transformed and added and then 
divided by eight to obtain a physical health total score 
(PHTS), which is the sum of the “emotional function-
ality,” “social functionality,” and “school functionality” 
subscale scores before being divided by the total num-
ber of items (15) in those subscales. The total score is 
the sum of all item scores divided by the total number 
of items 23. Uneri and Memik et al. adapted the PedsQL 
to Turkish for children 8–12 years of age.17 Uneri report-
ed that the parent and children’s form of the scale had a 
Cronbach’s alpha of 0.84. and 0.86, both of which were 
0.87 in this study.

Data collection
Data were collected in four science and art centers be-
tween 28 February–4 May 2018 and in primary and sec-
ondary schools between 7–25 May 2018. Permission 
was obtained from the Directorate of National Educa-
tion and the directors of science and art centers. After 
the permissions were obtained, data were collected from 
children attending science and art centers between 28 
February–4 May 2018.  Before data collection, the study 
was explained to the classroom teachers and informed 
consent was obtained. The purpose of the study was 
explained to each participant at a level that they could 
understand, and then a consent form and an envelope 
containing the questionnaires were given. Participants 
who attended school on weekdays were asked to return 
the forms the next day, and those who attended school 
on weekends were asked to return them the following 
weekend. The researcher visited the schools daily to col-
lect the forms and the forms were collected. The data 
obtained from the gifted children were then analyzed in 
detail. The data were then entered into the analysis pro-
gram and analyzed for stratification. After data collec-
tion, participants were listed based on grade level, age, 
and gender to recruit a control group.

After collecting data from gifted children, prima-
ry and secondary schools were visited between the 7th 
and 25th of May. The number of students to be includ-
ed in the control group was determined according to 
strata. School principals were informed about the con-
tent, purpose and procedure of the study. The grade lev-
els to be included in the sample were determined using 
simple random sampling. After the students were in-
formed about the procedure, envelopes were distributed 
to those who agreed to participate. They were asked to 
take the envelopes to their parents and return them to 
their teachers the next day or the day after. the schools 
were visited frequently between the specified dates and 
the envelopes left with the teachers were collected. after 
the data were collected, they were analyzed in detail and 
those who did not meet the inclusion criteria or did not 
participate in the study were examined in detail. 

Data analysis
In the first stage of the study, data were analyzed using 
the Statistical Package for Social Sciences (SPSS, ver-
sion 20, IBM, Armonk, NY, USA) at a significance lev-
el of 0.05. Percentage and frequency values were used 
for analysis. A chi-square test was used to determine 
the distributions of the participants and their parents’ 
descriptive characteristics. The Kolmogorov-Smirnov 
test (analytical method) and histogram (visual method) 
were used for normality testing. Data were not normal-
ly distributed, and therefore, nonparametric tests (the 
Mann-Whitney U test and Spearman’s correlation co-
efficients) were used for analysis. In the second stage of 
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the study, the relationships between parental attitudes, 
psychosocial problems and quality of life perceived by 
gifted children and their peers, which is the main top-
ic of the study, were analyzed with structural equation 
model (SEM). Before the analysis, the assumptions of 
SEM were checked. For this purpose, normal distribu-
tion with skewness and kurtosis values and singularity 
with correlation coefficient were examined.

Ethical considerations 
The study was approved by the Ethics Committee of the 
university (77082166-302.08.01), and written consent 
was obtained from the Provincial Directorate of National 
Education prior to data collection. Parents and children 
were informed about the purpose, procedure, and confi-
dentiality of the study. Written consent was obtained from 
parents, and verbal consent was obtained from students.

Results
The study and control groups were homogeneous in age, 
gender, and grade level. It was mostly the mothers who 
completed the questionnaires. The groups did not differ 
by age, gender, income, number of children in the family, 
the stress level in the past six months, and the presence of 
a family member with a chronic disease (Table 1). 

Table 1. Sociodemographic characteristics
Characteristics Gifted children group 

(n=231)
Peer group (n=249) x2 p

M±SD Min–max M±SD Min–max 5.690 0.224

Age 8.86±0.65 7–11 9.04±0.62 7–11

n % n %

Gender

Girl 120 51.9 129 51.8 0.001 0.975

Boy 111 48.1 120 48.2

Grade level

Second 73 31.6 75 30.1

Third 92 39.8 95 38.2 3.185 0.364

Fourth 47 20.3 46 18.5

Fifth 19 8.2 33 13.3

Birth order

First 137 59.3 133 53.4

Second 75 32.5 85 34.2 3.804 0.283

≥ Third 19 8.2 31 12.4

Stress over the 
last six months

No 221 95.7 234 94.0 5.18 0.738

Yes* 10 4.3 15 6.0

Acute health 
problems in the 
last six months 

No 217 93.9 234 94 21.997 0.055

Yes** 14 6.1 15 6

Both groups had a high number of parents with a 
bachelor’s degree. There was a significant difference in 
educational level between the two groups (X2= 40.873; 

p<0.05). Gifted children’s parents (70.7%) had a signifi-
cantly higher employment rate than peer parents (X2 = 
15.912; p<0.05) (Table 1).

Table 2. PAS scores*
Gifted children group 

(n=231)
Peer group (249) U p

Scale M±SD Min–max M±SD Min–max

Responsibility 
acceptance 68.72±0.455 42–75 68.43±0.465 39–75 28541 0.885

Authority 
inspection

25.46±0.751 15–71 30.88±0.764 15–75 19849 <0.001

Scale total score 94.18±0.738 69–142 99.31±0.798 69–148 21031.5 <0.001

* Mann Whitney U analysis  

There was no statistically significant difference in re-
sponsibility-acceptance subscale scores between the study 
and control groups. There was, however, a statistical sig-
nificance in authority-supervision subscale and mean to-
tal scale scores between the two groups (Table 2).

Table 3. PPSC scores*
Gifted children group 

(n=231)
Peer group (n=249) U p

Scale M±SD Min–max M±SD Min–max

Scale total 
score

16.11±0.475 4–44 16.76±0.480 1–41 27123.000 0.281

* Mann Whitney U Analysis 

There was no statistically significant difference 
in PPSC scores between the study and control groups 
(p>0.05) (Table 3).

Table 4. PedsQL scores*
Gifted Children Group 

(n=231)
Peer Group (n=249) U p

Scale M±SD Min–max M±SD Min–max

Physical 
functionality

80.76±0.91 43.75–100 78.82±1.13 2.50–100 28259.500 0.741

Emotional 
functionality

77.16±1.1 10–100 76.8±1.09 20–100 28398.000 0.811

Social 
functionality

89.03±0.95 15–100 86.04±1.09 20–100 26552.000 0.133

School 
functionality

86.67±0.91 10–100 80.38±1.01 30–100 21730.000 <0.001

Psychosocial 
functionality

84.48±0.76 41.67–100 81.06±0.6 40–100 24833.500 0.010

Scale total 
score

83.19±0.70 46.74–100 80.28±0.83 47.61–100 25706.500 0.044

* Mann Whitney U analysis 

There was no statistically significant difference in 
PedsQL “physical functionality,” “emotional functional-
ity,” and “social functionality” subscale scores between 
the study and control groups. However, there was a statis-
tically significant difference in “school functionality” sub-
scale and total scores between the two (p<0.05) (Table 4).



357Gifted children and their peers perceived parental attitudes, psychosocial problems and quality of life

Table 5. Correlation between PAS and PPSC scores*
PAS PPSC

M±SD Min–max M±SD Min–max r p

Gifted children 
group (n=231)

94.18±0.738 69–142 16.11±0.475 4–44 0.092 0.166

Peer group 
(n=249)

99.31±0.798 69–148 16.76±0.480 1–41 0.194 0.002

* Spearman correlation analysis

There was a weak positive correlation between PAS 
and PPSC scores (Table 5). Children’s PAS and PedsQL 
scores were weakly negatively correlated, but parents 
PAS and PedsQL scores were not (r=-, 038; p>0.05) (Ta-
ble 5). 

Table 6. Correlation between PPSC and PedsQL scores*
PPSA PedsQL

M±SD Min–max M±SD Min–max r p

Gifted children 
group (n=231)

16.11±.475 4–44 83.19±.70 46.74–100 -0.668 <0.001

Peer group 
(n=249)

16.76±.480 1–41 80.28±.83 47.61–100 -0.605 <0.001

* Spearman correlation analysis

Children’s PPSC and PedsQL scores were weakly 
correlated (Table 6).

The diagram of the structural model is given below 
(Fig. 1).

Fig. 1. Diagram of structural equation path analysis

The goodness of fit criteria for the structural model 
are given below (Table 7). Coefficients for the structural 
model hypotheses are given below (Table 8). 

Table 7. Structural equation path analysis index values
Index Normal value* Acceptable value** Gifted children  Peers

χ2/sd <2 <5 3.88 4.36

GFI >0.95 >0.90 0.98 0.96

AGFI >0.95 >0.90 0.92 0.91

CFI >0.95 >0.90 0.97 0.96

RMSEA <0.05 <0.08 0.06 0.06

RMR <0.05 <0.08 0.07 0.06

Table 8. Structural model path analysis coefficients
Gifted children β Std. β S.Hata t p R2

Parental attitude -0.028 -0.029 0.045 -0.619 0.536
0.498

Psychosocial problems -1.046 -0.705 0.069 -15.082 ***

Dependent variable: Quality of life

Theirs peers β Std. β S.Hata t p R2

Parental attitude 0.091 0.087 0.053 1.735 0.083
0.377

Psychosocial problems -1.063 -0.608 0.088 -12.136 ***

Dependent variable: Quality of life

Parental attitude had no effect on quality of life in 
gifted children (p>0.05). Psychosocial problems de-
creased the quality of life (β=0.705; p<0.05). Parental 
attitude and psychosocial problems explained 49.8% of 
the total change in quality of life. Parental attitude had 
no effect on quality of life in peer children (p>0.05). 
Psychosocial problems decreased the quality of life 
(β=0.608; p<0.05). Parental attitude and psychosocial 
problems explained 37.7% of the total change in qual-
ity of life.

Discussion
This study investigated the relationship between gifted 
children’s and their peers’ perceptions of parental atti-
tudes and their psychosocial problems and QoL. The re-
sults show that the parents of gifted children are more 
democratic and less authoritarian than those of their 
peers. Rudasill et al. also reported that the parents of 
gifted children (332 fifth and eleventh graders) were 
more tolerant and democratic, while those of peers were 
more permissive and authoritarian.22 A study conclud-
ed that parents of gifted children adopt democratic and 
protective attitudes and avoid permissive and authori-
tarian attitudes.23 Yazdani and Daryei found that the 
parents of gifted children (sixth and ninth graders) were 
less authoritarian than those of peers.24 The parents of 
gifted children seem to be more democratic and tolerant 
towards their children, probably because they feel happy 
and proud of their children’s academic achievement.25,26 
Unlike other studies, Olgun-Kaval found that gifted 
children perceived more authoritarian parental attitude, 
parental rejection, indifference and neglect compared to 
the normally developing group.27 Democratic parental 
attitudes encourage children to develop skills and im-
prove their QoL.

There was no statistically significant difference in 
PPSC scores between the study and control groups. 
Yazdani and Daryei reported that gifted children had 
more self-respect, social competence, and cooperation 
than their peers but that the two groups did not differ 
significantly in depression and anxiety levels.24 We also 
observed that the study and control groups had simi-
lar psychosocial and behavioral problems. Kroesbergen 
et al. found that first- and second-grade gifted children 
(n=35) had less self-respect and more difficulty adapt-
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ing to social norms and expectations than their peers.28 
Children’s psychosocial and behavioral problems may 
depend on the place and time of residence and cultural 
norms. Therefore, the lack of a significant difference in 
PPSC scores between the study and control groups may 
be because they have similar sociocultural backgrounds.

There was no statistically significant difference in 
the PedsQL “physical functionality,” “emotional func-
tionality,” and “social functionality” subscale scores be-
tween the study and control groups. However, the study 
group had significantly higher school and psychosocial 
functionality scores than the control group. In contrast, 
Eren et al. reported that gifted children had significant-
ly lower physical and social functionality scores than 
their peers, suggesting that special skills may negative-
ly affect gifted children’ QoL.29 Kaya et al. determined 
that gifted children had lower quality of school life than 
their peers.30 The gifted children in our study have high-
er QoL probably because they have fewer problems in 
school thanks to the training offered by the science and 
art centers and the education provided by their schools.

Our results also show that democratic parental at-
titudes reduce psychosocial and behavioral problems 
in children. Research shows that authoritarian parental 
attitudes increase the rate of psychosocial and behav-
ioral problems in children.31-33 Democratic and kind pa-
rental attitudes help establish healthy communication, 
support children, and provide them with a safe environ-
ment to express themselves. Research also shows that 
children who share their problems with their parents 
are likely to have better behavioral development, more 
social and problem-solving skills, and higher self-re-
spect than those who do not.11,34,35 Furthermore, in the 
study conducted by Topuz and Çankaya with 219 stu-
dents, it was revealed that external protective factors 
such as acceptance/affection from parents and peer re-
lationships explained the psychological resilience levels 
of gifted students more strongly.36 Kim states that the 
support gifted students receive from their families is a 
key protective factor for psychological resilience.37 On 
the other hand, perfectionist and authoritarian parental 
attitudes lead to a fear of failure and disappointment in 
children.38,39 In one of the studies showing that the fami-
lies of gifted children were not always supportive, it was 
reported that the families of gifted children were insis-
tent on success, critical of mistakes, and that the parents’ 
high expectations caused anxiety in children.40 Studies 
examining parental attitudes in gifted children have re-
vealed that parental attitudes are effective on the social 
emotional characteristics of gifted children, which is 
consistent with the results of the present study.41,42 

There was a negative correlation between PedsQL 
and PAS scores in the study group, indicating that more 
democratic parental attitudes result in higher QoL in 
their gifted children. There was also a negative correlation 

between PedsQL and PAS scores in the control group, in-
dicating that more authoritarian parental attitudes result 
in lower QoL in their children. There is no published re-
search examining the effect of parental attitudes on gifted 
children’s QoL. Therefore, we focused on studies on peer 
groups to make a comparative analysis. Aytekin, Arslan, 
and Kucukoglu (2014) reported no effect of parental atti-
tudes on QoL in children 3-6 years of age.43

There was a negative correlation between PedsQL 
and PPSC scores in both study and control groups. There 
is no research investigating gifted children’s psychosocial 
and behavioral problems and QoL levels. Therefore, we 
addressed studies on adolescent and adult peer groups to 
make a comparative analysis. Ates and Akbas reported 
that adolescents with fewer problematic, risky, and crimi-
nal behaviors had higher QoL, probably because such be-
haviors are associated with psychosocial and behavioral 
problems. Therefore, low rates of such behaviors may lead 
to high QoL.44 Our results also point to a negative correla-
tion between problematic behaviors and QoL. We think 
that developing various skills early and attending science 
and art centers reduces the likelihood of gifted children 
experiencing psychosocial problems. According to our 
results, democratic parental attitudes do not affect the 
prevalence of psychosocial problems in gifted children, 
but authoritarian parental attitudes affect the prevalence 
of psychosocial problems in their peers. Our results also 
show that psychosocial and behavioral problems affect 
the QoL in gifted children and their peers.

As a result of the structural equation model analysis, 
one of the advanced statistics conducted in our research; 
It has been determined that parental attitudes have no ef-
fect on the quality of life of gifted children and their peers, 
while psychosocial problems have a significant effect on 
the quality of life. Since there are not enough studies on 
the impact of psychosocial problems on the quality of life 
of gifted children, data from studies conducted from dif-
ferent groups and topic were discussed. In a cross-sec-
tional study conducted with 2703 children aged 8–12, 
psychosocial problems were found to be common, es-
pecially in boys, and children’s quality of life was found 
to be low. It has been determined that the high number 
of psychosocial problems experienced by children caus-
es their quality of life to decrease.45 Cyberbullying is as-
sociated with internalizing and externalizing problems, as 
well as emotional and psychosocial problems such as de-
pression, stress and anxiety. Children exposed to bullying 
may experience various psychosocial problems. In a study 
examining the quality of life of gifted children who were 
exposed to cyberbullying, it was stated that gifted children 
experience more psychosocial problems such as stress and 
depression and their quality of life and life satisfaction are 
lower.46 Situations such as long-term persistence of psy-
chosocial problems and failure to develop appropriate 
programs for children may affect children’s quality of life.
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Conclusion
Gifted children define their parents’ attitudes as more 
democratic and have higher QoL than their peers. How-
ever, gifted children and their peers have similar psycho-
social and behavioral problems. Democratic parental 
attitudes help children develop psychosocial skills and 
resources to cope with psychosocial problems and im-
prove their QoL. Therefore, pediatric nurses should as-
sess parental attitudes and their children’s psychosocial 
and behavioral problems and QoL levels to improve their 
well-being. Support programs should be developed for 
children and their parents based on nurse evaluations. Pa-
rental attitudes should be regularly assessed, and parents 
should be educated to raise their awareness of the effect of 
their behavior on their children. Factors improving phys-
ical, social, emotional, and school functionalities should 
be determined to improve the QoL of gifted children and 
their peers. Different research instruments should be used 
to evaluate parental attitudes and children’s psychoso-
cial problems and QoL levels. Both children and parents 
should be educated about the subject matter.

This study has several limitations. The sample 
consisted only of second and fifth grade students and 
therefore the results cannot be generalized. The same 
questionnaires were used at all grade levels. Different 
questionnaires could have produced different results. 
The study may not contain the same results for all chil-
dren because it was collected in a certain region and in 
groups with socio-cultural proximity. It is thought that 
the fact that parents were not directly interviewed in the 
data collection forms may create deficiencies in under-
standing the purpose of the study.
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ABSTRACT
Introduction and aim. The COVID-19 pandemic negatively affected both the physical and mental health of societies. The pres-
ent study was conducted to determine the relationship between psychological well-being with levels of anxiety, COVID-19 fear, 
and depression in individuals hospitalized with COVID-19.
Material and methods. This descriptive correlative study was conducted with 685 individuals diagnosed with COVID-19 treat-
ed in the clinics of a pandemic hospital. The data of the study were collected with the information form, psychological well-be-
ing scale (PWBS), COVID-19 fear scale (FCV-19S), and hospital anxiety and depression scale (HADS).
Results. The mean PWBS score of the participants was 37.21±14.3, the FCV-19S score was 20.10±10.41, the HADS-anxiety score 
was 9.07±7.29, and the depression score was 10.74±7.35. The PWBS scores with FCV-19S scores of the participants, HADS-anx-
iety, and HADS-depression scores were found to be negatively correlated (p<0.001).
Conclusion. In conclusion, as the anxiety, fear, and depression levels experienced by individuals receiving inpatient treatment 
in a pandemic hospital due to COVID-19 increase, their psychological well-being levels decrease at a statistically significant lev-
el. It may be recommended to intervene in the anxiety, fear, and depressive symptoms of individuals receiving inpatient treat-
ment due to a diagnosis of COVID-19 to increase their psychological well-being.
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Introduction 
The novel coronavirus disease (COVID-19) affected 
both the physical and mental health of individuals and 
communities negatively.1,2 The pandemic spread rapidly 
all over the world, causing intense psychological pres-
sure with the risk of death.3 Besides the physical man-
ifestations of infectious diseases e.g., COVID-19.4,5 It 
is reported that it can also cause psychiatric problems 
such as anxiety, fear, depression, panic attacks, somatic 

symptoms, sleep problems, post-traumatic stress disor-
der, and even suicidal tendencies.6,7 This conclusion was 
shared that during 2020, the pandemic led to a 27.6% 
increase in major depressive disorder cases and a 25.6% 
increase in anxiety disorder cases worldwide.8

It was reported that practices such as quarantine, 
isolation, and social distance cause psychological prob-
lems such as depression, loneliness, and anxiety.9,10 It 
was reported that patients who were quarantined were 
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more likely to experience depression and anxiety than 
those who were not.11

Another finding caused by the COVID-19 pan-
demic is fear.12,13 People who were not infected with 
COVID-19 reported fear of coming into contact with 
people infected with COVID-19.14 This caused the stig-
matization and social exclusion of individuals who were 
diagnosed with or recovered from COVID-19. It was 
reported that this may increase the risk of developing 
mental health problems such as adjustment disorder 
and depression.15

It was found that studies conducted to determine 
the psychosocial impact of COVID-19 are mostly con-
ducted with healthcare workers.16-18 In a study in which 
the COVID-19 pandemic and mental health outcomes 
were systematically examined, it was reported that the 
sample of only two of the 43 studies evaluated was indi-
viduals with a diagnosis of COVID-19. It was also stat-
ed in the same study that individuals with a diagnosis 
of COVID-19 experienced high levels of post-traumat-
ic stress symptoms and significantly higher depressive 
symptoms than other individuals.19

Current global disasters and pandemics affect the 
mental health of societies. It is important to keep the is-
sue on the agenda to be prepared for disasters and pan-
demics. Studies evaluating the direct neuropsychiatric 
consequences of COVID-19 and its indirect effects on 
mental health are greatly needed for mental health care 
planning and preventive measures during possible sub-
sequent pandemics.19 In this respect, it is considered 
that studies evaluating the psychological well-being of 
individuals diagnosed with COVID-19 and their psy-
chological symptoms such as anxiety, depression, and 
fear are needed. It is thought that being treated, es-
pecially in a hospital environment, may have a more 
negative impact on the mental health of individuals di-
agnosed with COVID-19. As a matter of fact, hospital-
ization due to COVID-19 has been found to increase 
the risk of new-onset mental disorders compared to the 
general population not hospitalized due to COVID-19.20 
In this way, psychological interventions can be devel-
oped to cope with the psychological effects caused by 
the epidemic. It is thought that the results of this study 
can be used in planning psychosocial interventions for 
patients hospitalized in pandemic hospitals under quar-
antine conditions. 

Aim
The present study aimed to determine the relationship 
between the psychological well-being of individuals re-
ceiving treatment in the COVID-19 clinic of a pandem-
ic hospital and their anxiety, fear of COVID-19, and 
depression levels.

Material and methods
Study design and participants
The study had a descriptive and correlational design. 
The data of the study were collected in a hospital in the 
Central Anatolia Region of Türkiye, affiliated with the 
Ministry of Health, serving as the largest pandemic hos-
pital in the region.

Convenience sampling was used as the sample se-
lection method in the study.21 In July and August 2020, 
when the study was conducted, a total of 693 partici-
pants were included in the study, and the data collection 
process of the study was terminated with 685 individu-
als diagnosed with COVID-19 who met the inclusion 
criteria.

Inclusion criteria 
	– Receiving inpatient treatment at the hospital where 

the study was conducted
	– PCR test (+)
	– Ability to communicate verbally
	– Being over 18 years old
	– Volunteering to participate in the study

Exclusion criteria
	– PCR test (-)
	– Having a physical or mental illness that prevents 

communication
	– The need for intense oxygen

Two patients were excluded from the study during 
the data collection process because of the diagnosis of 
dementia, 1 patient requiring intense oxygen and 5 pa-
tients not accepting to participate in the study.

Data collection
The data were collected by the first researcher between 
July and August 2020. Because of the risk of COVID-19 
transmission, the telephone interview method was used 
to collect the data. The patient list and the internal 
phone numbers of the rooms where the patients were 
located were obtained from the responsible health per-
sonnel by visiting the pandemic hospital every morning 
during the data collection process. Preliminary infor-
mation about the patients was obtained from the re-
sponsible health staff and patients who did not meet the 
inclusion criteria were not included in the study. The pa-
tients were called by the first researcher and brief infor-
mation about the study was given. Then, the patient was 
asked whether he or she would volunteer to participate 
in the study. Due to pandemic conditions, the research-
ers did not contact the participants. Two telephone in-
terviews were held with the participants. During the 
first phone call, participants were informed about the 
study and their verbal consent was obtained. Written 
consent was then obtained by the responsible healthcare 
personnel in accordance with the pandemic conditions. 
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A survey was conducted by the researcher during the 
second phone call. The questions included in the data 
collection tools were asked of the patients who agreed to 
participate in the study. The interview with each patient 
lasted an average of 15–20 minutes. A preliminary appli-
cation was conducted with 10 individuals to evaluate the 
data collection tools and data collection method. After 
pre-application individuals who were pre-implemented 
as no changes were made were included in the study.

Data collection tools
The data of the study were collected with the informa-
tion form, psychological well-being scale, COVID-19 
fear scale, and hospital anxiety and depression scale.

Information form
This form was prepared by researchers according to the 
literature data.18,22 The form included sociodemographic 
characteristics. Also, the participants’ COVID-19 symp-
toms, taking protective measures against COVID-19, 
having COVID-19 + in their relatives, mental and/or 
physical illness, and continuous use of drugs were eval-
uated in this form. There are twenty questions in the in-
formation form

Psychological well-being scale (PWBS)
Psychological well-being includes important elements 
from positive relationships that support human well-be-
ing to having a purposeful life. It was developed by Die-
ner in 2010.23 Turkish validity and reliability was made 
by Telef in 2013, and was found to be 0.80. It is a 7-point 
Likert-style one-dimensional scale that consisted of 
eight positive items. The score obtained from the scale 
varies between 8–56. A high score indicates that the per-
son has many psychological resources and power.24 In 
this study, Cronbach’s alpha value of the scale was found 
to be 0.971. 

COVID-19 fear scale (FCV-19S)
The scale was developed by Ahorsu et al. and its Turk-
ish adaptation was conducted by Satıcı et al. as a 7-item, 
5-point Likert style scale.12,25 The total score obtained 
from the scale varies between 7 and 35. A high score on 
the scale indicates a high level of fear of COVID-19. The 
scale was shown to have strong psychometric proper-
ties, including high internal consistency (α=0.82).12 In 
this study, Cronbach’s alpha value of the scale was found 
to be 0.973.

Hospital anxiety and depression scale (HADS)
The scale was developed by Zigmond et al. in 1983 and 
the validity and reliability study was carried out by 
Aydemir et al.26,27 The scale aims to determine the risk 
group by screening for anxiety and depression in a short 
time in patients with physical illness. Depression and 

anxiety are evaluated with the help of two subscales. 
HADS, which consists of 14 items in total, consists of 7 
items of HADS-Anxiety and 7 items of HADS-depres-
sion subscales. The lowest score for each sub-dimen-
sion is 0 and the highest score is 21. The cut-off point 
of the anxiety subscale of the HADS Turkish version is 
10, and the cut-off point for the depression subscale is 7. 
Patients who have scores above these points are consid-
ered a risk group.27

The reliability coefficients of the anxiety and depres-
sion sub-dimensions of the HADS scale for the Turkish 
patient group were determined as 0.85 and 0.78, re-
spectively.27 In this study, Cronbach’s alpha values were 
found to be 0.965 for the HADS-Anxiety subscale and 
0.962 for the HADS-Depression subscale.

Ethics approval
After the approval of the Ministry of Health (Approv-
al No: 2020-05-28T23-23-45) and the permission of the 
pandemic hospital where the study was conducted, and 
approval from the Nevşehir Hacı Bektaşi Veli University 
Non-Interventional Clinical Research Ethics Commit-
tee (Approval No: 2020.15.180.) the study was initiated. 
Verbal informed consent was obtained from the par-
ticipants in the study, adhering to the principles of the 
Declaration of Helsinki. In addition, permission was ob-
tained from the authors for the scales used in this study.

Analysis of data
The data analysis was performed by using the SPSS 22.0 
(IBM, Armonk, NY, USA) statistical package program. 
Descriptive data were evaluated by using percentage cal-
culation, mean, standard deviation, and minimum and 
maximum values. The Shapiro-Wilk test was used to test 
normality. Parametric tests were used as the data were 
following the normal distribution. The Independent 
Samples T-test was used in paired groups to compare 
the data. The One-Wav ANOVA Test was used in more 
than two groups and Hochberg’s GT2 post hoc test was 
used to determine the group that determined the dif-
ference between groups. The relationship between the 
scores of the PWBS and the FCV-19S, HADS-anxiety, 
and HADS-depression subscales was evaluated with the 
Pearson correlation analysis, and p<0.05 was accepted 
as a statistical significance level.

Results
The mean age of the participants (n=685) was found to 
be 52.88±14.22, 52.1% were male, 87.4% were married, 
and 54.2% were primary school graduates. 39.6% of the 
participants worked in an income-generating job and 
77.7% of them had a medium income. The income level 
of 33.3% of them decreased during the pandemic peri-
od. The rate of those who had to work during the quar-
antine period was 19% (Table 1).
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Table 1. Comparison of participants’ personal 
characteristics and PWBS total scores*

Personal characteristics n %
PWBS 

Mean±SD
Statistical 

analysis

Significant 
difference
(post hoc)a

Age group

45 and below
212

30.9 41.41±12.48 F=57.290 1–3 
(p<0.001)

46-65 
324

50.7 39.24±13.63 p<0.001 2–3 
(p<0.001)

66 and over 149 18.4 27.10±13.5

Age  (year) mean±SD 
(min–max)

52.88±14.22 (19–91)

Gender 

Female 328 47.9 31.55±13.25 t=-10.720 -

Male 357 52.1 42.41±13.24 p<0.001 -

Marital status

Married 599 87.4 37.27±14.35 t=0.317 -

Single 86 12.6 36.75±14.09 p=0.752 -

Education 

Literate 
35

5.1 28.80±14.5 F=28.793 1–3 
(p<0.001)

Primary school
371

54.2 33.83±14.2 p<0.001 1–4 
(p<0.001)

High school
129

18.8 41.35±12.8 2–3 
(p<0.001)

University and over 
150

21.9 43.96±11.8 2–4 
(p<0.001)

Working 

Yes 271 39.6 45.08±11.33 t=13.520 -

No 414 60.4 32.06±13.70 p<0.001 -

Income 

Good 
73

10.7 44.41±12.91 F=10.636 1–2 
(p<0.001)

Middle 
532

77.7 36.32±14.25
p<0.001

1–3 
(p=0.002)

Bad 80 11.7 36.55±14.16

Have to work in 
quarantine

Yes 130 19.0 42.16±11.66 t=5.104 -

No 555 81.0 36.05±14.63 p<0.001 -

Income change during 
the pandemic

No 427 62.3 37.07±14.52

İncreased 30 4.4 32.83±14.67 F=1.823 -

Decreased 228 33.3 38.05±13.79 p=0.162 -

* PWBS – psychological well-being scale, t – independent 
samples T-test, F – the one-way ANOVA, a – post hoc 
analysis Hochberg’S GT2

The participants who were 66 years of age and old-
er had a significantly lower PWBS score (27.1±13.5) 
when compared to other age groups (p<0.001). Wom-
en’s (31.55±13.25) PWBS scores were significantly low-
er than men’s (42.41±13.24) (p<0.001). Those who 
were literate (28.8±14.5) and primary school grad-
uates (33.83±14.2) had a significantly lower PWBS 
score than those who graduated from high school 
and university and above (p<0.001). Those who did 

not work (32.06±13.7), whose income was moder-
ate (36.32±14.25) and poor (36.55±14.16), and who 
did not have to work during the quarantine period 
(36.05±14.63) had a significantly lower total PWBS 
score than the others (p<0.001). There were no signif-
icant differences between the change in the income sta-
tus of the participants during the pandemic period and 
the participants’ PWBS scores (p>0.05) (Table 1).

Table 2. Comparison of participants’ personal and clinical 
characteristics with PWBS score*

Characteristics n %
PWBS 

Mean±SD
Statistical 

analysis

Protective measures against COVID-19

Yes 575 83.9 37.86±14.07 t=2.729

No 110 16.1 33.81±15.1 p=0.007

COVID-19+ in relatives 

Yes 461 67.3 35.08±14.49 t=-5.943

No 224 32.7 41.58±12.88 p<0.001

Diagnosed mental illness

Yes 26 3.8 27.88±13.04 t=-3.415

No 659 96.2 37.58±14.24 p<0.001

Diagnosed chronic physical illnessa

Yes 242 35.3 29.72±13.39 t=-10.973

No 443 64.7 41.30±13.09 p<0.001

Diabetes

No 536 78.2 39.73±13.78 t= 9.856

Yes 149 21.8 28.13±12.39 p<0.001

Hypertension

No 546 79.7 39.15±13.7 t=7.306

Yes 139 20.3 29.58±14.14 p<0.001

COPD or asthma

No 665 97.1 37.44±14.25 t=2.439

Yes 20 2.9 29.55±14.23 p=0.015

Continuous drug use

Yes 237 34.6 29.78±13.5 t=-10.658

No 448 65.4 41.14±13.13 p=0.001

HADS-anxiety subscale

Non anxiety 374 54.6 47.60±8.19 t=34.498

Anxiety 311 45.4 24.71±9.16 p=0.001

HADS-depression subscale

Non depression 307 44.8 49.98±6.28 t=35.417

Depression 378 55.2 26.84±9.94 p=0.001

* a – there are individuals with more than one chronic 
physical illness, t – independent samples T-test

	
A total of 83.9% of the participants said that they 

took protective measures against COVID-19 (Mask, 
distance, hygiene) 67.3% reported that their relatives 
had COVID-19+ individuals and 3.8% of them report-
ed that they had a diagnosis of a mental illness, 35.3% of 
them had a diagnosis of chronic physical disease (diabe-
tes mellitus: 21.8%, hypertension 20.3%, COPD or asth-
ma: 2.3%) and 34.6% of them said that they had at least 
one drug that they used constantly. It was determined 
that 45.4% of the participants experienced anxiety and 
55.2% experienced depression (Table 2).
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The participants who did not take protective 
measures against COVID-19 (33.81±15.1; p=0.007) 
and those who had COVID-19+ in their relatives 
(35.08±14.49; p<0.001) had significantly lower PWBS 
scores. Those with a current diagnosis of mental and/
or physical illness had a significantly lower PWBS total 
score (p<0.001) and those who currently had diabetes, 
hypertension, COPD, or asthma and who used contin-
uous medication had a significantly lower total PWBS 
score (p<0.001). According to HADS, participants who 
experienced anxiety (24.71±9.16, p<0.001) and de-
pression (26.84±9.94, p<0.001) had significantly lower 
PWBS scores (Table 2).

A total of 40.9% of the participants had a cough, 
33.7% had respiratory distress, 25% had a fever, and 
21% had joint and muscle pain symptoms. Participants 
who experienced cough, respiratory distress, fever, and 
joint and muscle pain symptoms had a significantly low-
er PWBS total score than those who did not (p<0.05) 
(Table 3).

Table 3. Comparison of participants’ COVID-19 symptoms 
with PWBS total scores*
COVID-19
Symptoms

n %
PWBS 

Mean±SD
Statistical 

analysis

Respiratory distress

No 454 66.3 40.04±13.94 t=7.556

Yes 231 33.7 31.64±13.37 p<0.001

Cough

No 405 59.1 39.83±13.86 t=5.919

Yes 
280

40.9
33.41±14.10

	
p<0.001

Fever 

No 514 75 38.29±14.48 t=3.605

Yes 171 25 33.96±13.29  p=0.001

Joint and muscle pain

No 541 79 37.89±14.11 t=2.411

Yes 144 21 34.66±14.78 p=0.016

* t – independent samples T-test

The mean PWBS score of the participants was 
37.21±14.3, the FCV-19S total score was 20.1±10.41, 
the HADS-anxiety subscale total score was 9.07±7.29, 
and the HADS-depression subscale total score was 
10.74±7.35 (Table 4).

Table 4. Participants’ PWBS, FCV-19S, HADS scores*
Scales Mean±SD Min-max

PWBS 37.21±14.3 8–56

FCV-19S  20.10±10.41 7–35

HADS-anxiety subscale 9.07±7.29 0–21

HADS-depression subscale 10.74±7.35 0–21

* PWBS – psychological well-being scale, FCV-19S 
– COVID-19 fear scale, HADS – hospital anxiety and 
depression scale

A significant relationship was detected between 
the participants’ PWBS scores and their FCV-19S, 
HADS-Anxiety subscale, and HADS-Depression sub-
scale scores. There was a significant and negative cor-
relation between the participants’ PWBS and FCV-19S 
scores (r=-0.883, p<0.001). A significant and nega-
tive correlation was detected between the participants’ 
PWBS scores and HADS-Anxiety subscale (r=-0.878, 
p<0.001) and HADS-Depression subscale (r=-0.874, 
p<0.001) scores (Table 5).

Table 5. The relationship between participants’ FCV-19S, 
PWBS, HADS scores* 
Scales 1 2 3 4

1 FCV-19S 1

2 HADS-anxiety subscale
r=0.957a

p<0.001
1

3 HADS-depression 4 subscale
r=0.945a

p<0.001
r=0.957a

p<0.001
1

PWBS 
r=-0.883a

p<0.001
r=-0.878a

p<0.001
r=-0.874a

p<0.001
1

* a – Pearson correlation analysis

Discussion
In the present study, which was conducted to determine 
the relationship between the psychological well-being of 
individuals receiving treatment in the COVID-19 clin-
ic and the levels of anxiety, fear of COVID-19, and de-
pression.

The psychological well-being of COVID-19+ pa-
tients aged 66 and over, female, with low education and 
income level was found to be significantly lower than 
the other groups. In a previous study, it was reported 
that especially women and individuals with low educa-
tion levels have more psychological problems and suf-
fer from insomnia in risky situations.28 In other studies, 
depression and anxiety were found to be significantly 
higher in COVID-19+ women.29-32 It can be said that 
women are more affected by COVID-19 psychologi-
cally.33 Advanced age is an important factor in coping 
with COVID-19. In the study evaluating the fear of 
COVID-19 infection in the elderly population and its 
relationship with depressive and anxiety symptoms. It 
was determined that individuals who are more con-
cerned about having the disease develop more anxiety 
and depression symptoms during the COVID-19 epi-
demic.34 Similar to the literature, it can be said that the 
psychological well-being of elderly individuals is nega-
tively affected by COVID-19. Another reason for this 
may be the chronic diseases of elderly individuals. In 
this study, it was determined that the psychological 
well-being of the participants with a current diagnosis 
of mental and/or physical disease and those who cur-
rently have diabetes, hypertension, COPD, or asthma 
and who use drugs continuously are significantly lower. 
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Studies have shown that the rate of depression and anx-
iety is high in patients with chronic heart disease and 
diabetes.35-37 These results are consistent with our study 
findings. Also, COVID-19 may have caused anxiety and 
depression as a result of fear of death, especially in in-
dividuals with chronic diseases. Also, individuals who 
do not pay attention to protective measures and because 
of the risk of infecting their relatives with COVID-19 
may be adversely affected psychologically. In support 
of this view, it was determined that the psychological 
well-being of the participants who did not take protec-
tive measures against COVID-19 and whose relatives 
had COVID-19+ was significantly lower. The difficul-
ty experienced by COVID-19 symptoms may be anoth-
er reason why participants feel psychologically negative 
during the disease period. The psychological well-be-
ing of participants who did not experience symptoms of 
cough, respiratory distress, fever, joint and muscle pain 
was better (p<0.05). 

Participants who experienced anxiety and depres-
sion and those who experienced cough, respiratory dis-
tress, fever, and joint and muscle pain symptoms had 
significantly lower PWBS scores than those who did 
not. Since these findings will create the perception that 
the disease is getting worse, it may cause the individu-
al to feel worse. Also, individuals who are not econom-
ically well may have experienced anxiety because of the 
financial burden of the treatment process of the disease. 
In a previous study, it was reported that uncertainty, so-
cial discrimination, and poor economic situation caused 
anxiety in patients.38

It is a fact that the COVID-19 pandemic affects in-
dividuals and societies in many ways. It is stated that 
new cases of anxiety and depressive disorders have been 
added with the pandemic. It was reported that 53.2 mil-
lion additional major depressive disorder cases and 
76.2 million additional anxiety disorder cases are add-
ed worldwide.8,22,39 In the present study, anxiety and de-
pressive symptoms were detected in approximately half 
of the participants. It was particularly noteworthy that 
the mean score of the HADS-Depression subscale was 
higher than the cut-off score. In previous studies con-
ducted with individuals diagnosed with COVID-19 in 5 
different countries, it was determined that 7.7-34.72% of 
patients experienced anxiety symptoms and 8.0-40.0% 
depression symptoms.29,30,32,33,40-42 It can be reported that 
the anxiety and depressive symptoms experienced by 
the individuals in this study were relatively higher than 
in other studies. In this study, it is considered that the 
psychological well-being of individuals and many fac-
tors that will affect this may be related to anxiety and 
depressive symptoms. However, it is considered in this 
study that the sample is individuals in the acute phase of 
the disease receiving treatment in the pandemic hospital 
and the fear caused by COVID-19. As a matter of fact, 

when the relationship between fear of COVID-19 and 
other psychological variables in this study is evaluated, 
the result supports this view.

It was determined in this study that there was a neg-
ative significant relationship between the participants’ 
PWBS scores and their FCV-19S, HADS-anxiety, and 
HADS-depression scores. In other words, as the psycho-
logical well-being of the participants decreases, the fear 
of COVID-19, anxiety, and depression levels increase. 
In a study conducted previously on the subject, a posi-
tive and significant relationship was found between fear 
of COVID-19 and anxiety and depression, similar to the 
findings of our study.43 It was found in another study 
that while fear and anxiety were very high in the period 
before catching COVID-19 and during the COVID-19+ 
period, these feelings gradually decreased when the re-
covery period was entered.44 When patients feel good, 
their fear of Covid-19 also decreases. However, there is a 
decrease in anxiety and depression levels.38 In this study, 
as the fear of COVID-19, anxiety, and depression levels 
of the participants decreased, the increase in the level of 
psychological well-being supports this view. Individuals 
diagnosed with COVID-19 were affected psychological-
ly for many reasons such as isolation and uncertainty in 
the healing process. Signs of depression were detected 
especially in those who had to stay in the hospital for a 
long time for treatment.45 In a study, it was reported that 
COVID-19+ patients may experience depression and 
anxiety symptoms up to 12 months after discharge.46

Study limitations
This study is limited to the experiences of patients re-
ceiving inpatient treatment in pandemic clinics of a 
pandemic hospital.

Conclusion
According to the results obtained in this study, as anxiety, 
fear of COVID-19, and depression levels increase in indi-
viduals receiving hospital treatment because of the diag-
nosis of COVID-19, their psychological well-being levels 
decrease significantly. Also, advanced age, being a wom-
an, low education level, not working and having a mid-
dle/low-income level, and being obliged to work during 
the quarantine period are the sociodemographic char-
acteristics of individuals whose psychological well-be-
ing is adversely affected. Not taking preventive measures 
against COVID-19, having individuals diagnosed with 
COVID-19 in their relatives, being diagnosed with 
chronic mental and physical diseases, and using regular 
medication affect psychological well-being negatively.

Psychosocial interventions are recommended for 
anxiety, fear of COVID-19, and depressive symptoms in 
order to increase the psychological well-being levels of 
individuals receiving inpatient treatment due to a diag-
nosis of COVID-19.
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ABSTRACT
Introduction and aim. Pancytopenia is the simultaneous presence of anemia, leucopenia and thrombocytopenia. The aim of 
this work was to study the etiological spectrum of pancytopenia in the National capital region of India, and evaluate the rela-
tionship of pancytopenia with serum vitamin B12 levels. 
Material and methods. This study is of a prospective and analytical type conducted on patients attending the outpatient and 
inpatient department of Santosh Medical College and the Saraswathi Institute of Medical Sciences tertiary care centers in NCR. 
Complete blood counts and peripheral blood smear examination was used for morphological classification and typing of ane-
mia. Bone marrow aspiration and vitamin B12 estimation was performed where required. 
Results. The maximum number of pancytopenia cases were etiologically attributed to megaloblastic anemia (64.2%) followed 
by aplastic anemia (19.8%). Malaria was attributed to 6.6% cases of pancytopenia. Iron deficiency anemia and tuberculosis both 
accounted for 1.9% of cases. each. A history of drug intake and mixed nutritional anemia each contributed to 2.8% of cases. 
Serum vitamin B12 levels showed a significant relationship with pancytopenic cases. 
Conclusion. In our study, the main cause of pancytopenia is megaloblastic anemia which responds very well to treatment if di-
agnosed correctly in time. A detailed hematological assessment along with vitamin B12 levels should be evaluated in all cases 
of pancytopenia irrespective of the etiological categorization.
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Introduction
Pancytopenia is the simultaneous presence of anemia, 
leukopenia as well as thrombocytopenia. The cause is 
usually a decrease in the production of hematopoietic 
cells in the bone marrow due to infections, toxins, in-
filtration of malignant cells, chemotherapy or radiation. 
For effective management of pancytopenia, its identifi-
cation is very important. The clinical symptoms of pan-
cytopenia are variable.1

Marrow cellularity and composition vary based on 
the underlying pathological condition. The marrow is 
usually hypocellular when pancytopenia occurs due to 

a primary production defect. Normocellular or hyper-
cellular marrow is seen when cytopenia occurs because 
of ineffective hematopoiesis, invasive bone marrow pro-
cedures, and increased peripheral utilization or destruc-
tion of cells. Pancytopenia was not known as a discrete 
hematological entity before 1919. This term was used as 
a synonym for aplastic anemia, which is a life-threaten-
ing disorder leading to failure of bone marrow, and is as-
sociated with a high mortality if left untreated. Aplastic 
anemia is two to three times more common in Asia than 
in Europe. Its exact incidence is not clear in India due to 
the dearth of epidemiological studies. However, in an ep-

https://creativecommons.org/licenses/by/4.0/
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http://orcid.org/0000-0002-7614-3011
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idemiological study of children in and around Lucknow, 
India, the statistics show that the annual incidence of 
aplastic anemia is around 6.8 cases per million.2 

Peripheral cytopenia results when there is a reduc-
tion in any of the cellular elements of the blood, i.e. red 
blood cells, white blood cells or platelets. Bicytopenia 
is the reduction of any of the two cellular elements, the 
symptoms attributable to anemia or thrombocytopenia. 
Pancytopenia is reduction of all the three types of cells. 
In adults with pancytopenia, hemoglobin levels fall be-
low 13.5 g/dL in males and 11.5 g/dL in females, the leu-
cocyte count is less than 4×109/L (or absolute neutrophil 
count of less than 1800 per mL), and the platelet count 
less than 100×109/L. Leukopenia is primarily seen as 
neutropenia since neutrophils constitute the majority of 
the leukocytes.2,3 

This reduction in the number of cells occurs due to 
increased destruction, reduced production, or increased 
pooling in the spleen or other organs. Primary or sec-
ondary involvement of bone marrow is seen in most of 
the cases. There are various neoplastic and non-neoplas-
tic causes of pancytopenia. In most cases, pancytope-
nia occurs due to nutritional deficiencies, thus it can be 
treated and is reversible. Proper diagnostic evaluation 
of pancytopenia needs detailed clinical history, physi-
cal examination and hematological assessment includ-
ing precise peripheral blood smear examination and if 
needs, bone marrow evaluation.3 

The underlying pathophysiology depends on the 
cause of pancytopenia. In aplastic anemia, the patho-
physiology is an autoimmune-mediated T cell activa-
tion which leads to destruction of the hematopoietic 
stem cells. Bone marrow suppression is also caused by 
direct cytotoxic effects of medications such as metho-
trexate, anticonvulsants, and chemotherapeutic agents. 
Ineffective hematopoiesis is observed in the bone mar-
row of myelodysplastic syndrome.

The clinical presentation varies widely from mild 
pancytopenia which may be asymptomatic to severe 
pancytopenia which may lead to life-threatening emer-
gencies.4 Patients can manifest any of the decreased cell 
lines. Anemia presents as shortness of breath, fatigue 
and chest pain. Leukopenia manifests as increased in-
fections, while thrombocytopenia presents with bruis-
ing, petechiae, and propensity for bleeding. Patients 
with severe neutropenia suffer from severe infections. 
Patients with underlying liver disease can present with 
anorexia, nausea, or lethargy. Patients with splenic se-
questration can present with left upper quadrant pain. 
Constitutional symptoms are seen in patients with un-
derlying autoimmune disorders or malignancies.5

Medical history is of utmost importance for an ef-
fective evaluation of pancytopenia. It must include in-
vestigating the symptoms of autoimmune conditions, 
malignancies, recent infections, medications, chemo-

therapy, or radiation therapy. A detailed history of nu-
tritional status should be taken. For inherited aplastic 
anemia, family history should also be taken into account.

Physical examination may show pallor, petechiae, 
ulcers and rashes. Signs of underlying liver disease may 
be seen in patients with cirrhosis. Splenomegaly may 
be seen in patients with splenic sequestration. Lymph-
adenopathy can be seen in patients with infections and 
lymphoma. In patients with eating disorders and alco-
holism, the subtle signs of nutritional deficiencies must 
be evaluated. The neurological examination is a must as 
it may highlight any impairment of proprioception with 
a positive Romberg test and ataxia, suggesting subacute 
combined degeneration of the spinal cord secondary 
to vitamin B12 (cobalamin) deficiency and macrocyt-
ic anemia.2,5

Preliminary investigations include a complete blood 
count and reticulocyte count to determine whether pan-
cytopenia is secondary to decreased production or not. 
The mean corpuscular volume will indicate megaloblas-
tic anemia. A peripheral blood smear may show ab-
normal cells such as blasts, dysplastic leukocytes, and 
immature cells. The investigations should also include 
assessment of vitamin B12 and folate levels, liver func-
tion tests, and lactate dehydrogenase levels. Infections 
shall also be considered because pancytopenia can be 
associated with infections such as HIV, malaria, and tu-
berculosis.6

In pancytopenia cases secondary to an acute viral 
infection, no further tests are required as these infec-
tions get cured on their own speedily. In cases of severe 
infections with sepsis, the termination of the infection 
and sepsis will also automatically correct.

Bone marrow aspiration and biopsy must be done 
to evaluate the status of the bone marrow stem cells if 
no specific etiology is found. The bone marrow aspira-
tion can establish the diagnosis for pancytopenia in 75% 
of cases.7 Pathological examination of the bone marrow 
biopsy is helpful in malignant etiologies. It can show a 
clonal population of cells, primary/secondary malignant 
cells, acellular marrow, fibroblasts, granulomas from tu-
berculosis, sarcoidosis, or fungal infections.7

Treatment is designed on the basis of the underly-
ing etiology for pancytopenia. Nutritional deficiencies, 
if any, should be corrected. Hematologic consequences 
include macrocytosis, hypersegmented neutrophils, leu-
kopenia, thrombocytopenia, and rarely, pancytopenia. 
In fact, pancytopenia, in which all blood cell lines are 
decreased, is found in only 5% of patients with a known 
B12 deficiency.9 Any drug that may have precipitated 
the disease should be discontinued with immediate ef-
fect. Treatment of infections such as HIV or tubercu-
losis should be started immediately. If an autoimmune 
condition or malignancy is diagnosed, it should be 
treated. Aplastic anemia secondary to viral infections 



372 European Journal of Clinical and Experimental Medicine 2024; 22 (2): 370–375

such as parvovirus is temporary and symptomatic treat-
ment is sufficient. For patients with severe aplastic ane-
mia, treatment options include hematopoietic stem cell 
transplant and immunosuppression.8,9 

Various studies have been done to evaluate the caus-
es of pancytopenia, both benign and malignant. Howev-
er, very few studies enumerate the specific causes related 
to pancytopenia encountered in daily hospital practices. 
The bone marrow correlation is also not emphasized in 
most studies. 

Aim
Our study was targeted to illustrate the causative factors 
of pancytopenias in hospital patients who were some-
times discovered even accidentally after being admitted 
with epistaxis or breathlessness. Vitamin B12 deficiency 
in the absence of megaloblastosis leading to pancytope-
nia was the most important finding of our study.

Material and methods
All subjects gave their informed consent for inclusion 
before they participated in the study. The study was con-
ducted in accordance with the protocol approved by the 
Ethical Committee of Santosh Medical College, Santosh 
Deemed to be University, NCR, India (811/2020/SMC).

The subjects of this prospective study included all 
adult patients presenting with pancytopenia in the age 
group between 18 to 60 years who were treated either 
at the Hematology Department of Santosh Hospital or 
Saraswathi Institute of Medical Sciences over a period of 
2 years from March 2020 to December 2022.

Patients on myelotoxic chemotherapy, who were un-
cooperative or did not give consent and in whom bone 
marrow examination was contraindicated were ex-
cluded from the study. Diagnosed cases of malignancy, 
including leukemia, receiving chemotherapy or radio-
therapy, and patients taking vitamin B12 and Folid acid 
supplements were also excluded from the study. Out of 
118 patients presented to us with pancytopenia, 12 meet 
exclusion criteria. So, finally 106 patients were included 
in our study. 

Diagnostic criteria for pancytopenia is:
1.	 hemoglobin less than 10 gm/dL, 
2.	 total leucocyte count <4000/mm3,
3.	 platelet count less than 1,000,000/mm3.10,11  

Detailed clinical history regarding generalized 
weakness, fever, bleeding tendencies and other symp-
toms was taken. An examination was performed, pallor, 
hepato-splenomegaly, lymphadenopathy, and petechiae 
were assessed. 

Blood was withdrawn in EDTA vials for Complete 
blood counts and peripheral blood smear examination. 
Hemoglobin (Hb), total leucocyte count (TLC), differ-
ential leucocyte count (DLC), platelet count (PC), mean 

corpuscular volume (MCV), mean corpuscular hemo-
globin (MCH) and mean corpuscular hemoglobin con-
centration (MCHC) were assessed. Complete blood 
counts were carried out using Nihon Coden Automat-
ed Hematology Analyzer based on the principle of im-
pedance. Peripheral smear were stained using Leishman 
Giemsa stain for all the cases and examined in detail. Pe-
ripheral smear was used for morphological classification 
and typing of anemia. 

Bone marrow aspiration from iliac crest was done 
in 28 cases where needed using 16G needle and smears 
fixed in methanol and stained with MGG. The smears 
were assessed in detail. 

Data was recorded in MS Excel and imported in SPSS 
v20.0 software (IBM, Armonk, NY, USA) to analyse the 
variables like mean, median and standard deviation.

Chi-square test and Fisher’s Exact test were em-
ployed to compare the findings.

Results
In this study, out of the total 106 patients , there were 75 
males (70.75%) and 31 females (29.25%) patients and 
male to female ratio was found to be 2.4:1.

The age distribution shows maximum number of 
patients in the age group of 20 to 30 years (30.2%) fol-
lowed by 30 to 40 year group (23%). The minimum 
number of pancytopenia cases fall in the 50 to 60 year 
category (9%) (Table 1).

Table 1. Age wise distribution of cases
Age (years) Number of cases Percentage

12–20 15 14.2

20–30 32 30.2

30–40 23 21.7

40–50 17 16

50–60 9 8.5

>60 10 9.4

The maximum number of pancytopenia cases were 
etiologically attributed to megaloblastic anemia (64.2%) 
followed by aplastic  anemia (19.8%). 6.6% cases of pan-
cytopenia resulted due to malaria. Iron deficiency ane-
mia and tuberculosis resulted in 1.9% cases each. 3 cases 
(2.8%) each were attributed to history of drug intake 
and mixed nutritional anemia (Fig. 1).

Peripheral smears revealed anisocytosis in 90% 
cases. Predominant macrocytic picture (cases of meg-
aloblastic anemia) was seen in 60 cases, hyper-segment-
ed neutrophils in 50 cases, normocytic picture in 24 
cases, dimorphic in 15 cases and microcytic in 7 cas-
es. Relative lymphocytosis and plasma cells were seen in 
peripheral smear in 21 cases of aplastic anemia. A few 
immature cells were discovered in the cases of mega-
loblastic anemia (Table 2).



373A study of etiological spectrum in 106 cases of pancytopenia

Fig. 1. Etiological distribution of pancytopenia cases

Table 2. Peripheral blood findings in 106 cases of 
pancytopenia	

Peripheral Blood Findings No of cases Percentage (%)

Normocytic 24 22.6

Macrocytic 60 56.6

Microcytic 7 6.6

Dimorphic 15 14.2

Anisocytosis 90 84.9

Hypersegmented polymorphs 50 47.2

Lymphocytosis 21 19.8

Plasma cells 21 19.8

Immature cells 5 4.7

Vitamin B12 estimation was done in all the patients 
and it was found that a total of 80 patients were vitamin 
B12 deficient, i.e. <200 pg/mL. 60 out of 68 patients of 
megaloblastic anemia showed vitamin B12 deficiency. 15 
out of 21 aplastic anemia patients had vitamin B12 lev-
els below 200 pg/mL. This pointed out to the fact that vi-
tamin B12 deficiency has a direct significant association 
with Pancytopenia. Also, in cases of severe deficiency, an 
aplastic blood picture can manifest itself. The p value de-
rived by Pearson Chi-Square test was found to be <0.05, 
i.e significant and conclusive of the fact that vitamin B12 
deficiency is linked closely with pancytopenia.

Table 3. Chi Square p value – vitamin B12 deficiency 
associated with causes of pancytopenia

B12 deficiency <200 pg/mL

No Yes

Causes Aplastic anemia 6 15

Drug intake 3 0

Iron deficiency anemia 2 0

Malaria 6 1

Megaloblastic A 8 60

MNA 0 3

Tuberculosis 1 1

Total 26 80

Chi-Square Tests

Value df p

Pearson Chi-Square 37.386 6 <0.05

Likelihood Ratio 35.202 6 <0.05

Fisher-Freeman-Halton Exact Test 31.717 Yes

Discussion
In this study of pancytopenia patients, the highest in-
cidence of 30.2% was in the age group of 20–30 fol-
lowed by 21.7% in 30–40 age group, with a mean age 
of 35.53±1.467 years. Similarly, Khodke et al. found the 
maximum number of pancytopenia in the age group of 
12–30 years.4 About 10% of the cases were above 50 years. 
Jha et al. and Ishtiaq et al. in their studies found mean 
ages to be 30 years and 36.7 years, respectively.14,15 Niazi 
and Raziq in their study found most common age group 
of pancytopenia in the range from 21 to 30 years.16 The 
common age of 20-30 years clearly shows the increased 
demand and comparative reduced intake of nutritious 
food in this age. The high dependence on vegetarian food 
and incorporation of junk food in diet of young individ-
uals make them prone to vitamin B12 deficiency causing 
increased incidence of  pancytopenia.

In this study, out of the total 106 patients, there were 
75 males (70.75%) and 31 female (29.25%) patients and 
male to female ratio was found to be 2.4:1.The male to fe-
male ratio in the study by Jha et al. was 1.43:1.14 The ratio 
was 1.3:1 in the study by Khodke et al.4 The study by Niazi 
and Raziq has given the male to female ratio of 2:1.17 The 
higher number of male patients seeking medical advice 
accounts for the male to female ratio being 2:1. 

In the present study, 64.2% cases were diagnosed as 
megaloblastic anemia thereby being the most common 
cause of pancytopenia while in other similar studies it 
varied from 0.8% to 80%. The high prevalence of nutri-
tional anemia in India has been cited for increase in fre-
quency of megaloblastic anemia. The age of the patients 
in this study varied from 12 to 80 years with mean age 
of 39.14±3.93 years. The male to female ratio was 1.6:1 
clearly pointing to the fact that female health is neglect-
ed for a long time making the situation worse and the 
prognosis compromised. 

In the present study most common presentation 
was pallor in 104 cases and early fatigue in 91 cas-
es followed by dyspnea in 54 patients. Fever was the 
next common presentation in 53 patients followed by 
splenomegaly in 32 patients and bleeding in 26 cas-
es. Hepatomegaly was seen in 17 cases. Memon et al. 
in their study have described the presenting features 
of megaloblastic anemia with pancytopenia as pallor 
with varying degree of skin and mucosal bleedings.5 
Bleeding manifestations were seen in 24.5% cases in 
the present study. Pallor is found to be associated with 
low hemoglobin seen in all anemics, thereby making it 
the commonest presentation. Reduced platelet counts 
lead to bleedings from various sites. Hepatomegaly 
and splenomegaly can be associated with extramedul-
lary hematopoiesis and malaria.13

Megaloblastic anemia is characterized by ineffective 
erythropoiesis leading to macrocytes which are seques-
trated in the spleen leading to mild to moderate sple-
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nomegaly.18 Hepatomegaly on the other hand results 
from  extramedullary hematopoiesis.13,14 In our study, 
30.19% cases of megaloblastic anemia presented with 
splenomegaly and 16% with hepatomegaly. Ishtiaq et al. 
in their study found 15.4% and 17.9% of megaloblastic 
anemia with splenomegaly and hepatomegaly respec-
tively.9 Hepatomegaly (66%) and splenomegaly (21%) 
were seen in the study done by Keisu et al. in patients 
with megaloblastic anemia.19 

In the present study, 68 cases of megaloblastic ane-
mia patients had macrocytic RBCs and 60 cases had hy-
per-segmented neutrophils, which are the diagnostic 
features. Increased MCV was found in 62 patients; nor-
mal MCV was found in 6 patients and decreased MCV 
found in 3 patients with mixed nutritional deficiency 
having both megaloblastic anemia and iron deficiency. 
MCV is usually increased in severe megaloblastic ane-
mia. Reticulocytes counts below 2% were seen in all 68 
patients with megaloblastic anemia. This may be due 
to the abnormal maturation process. The cellularity of 
bone marrow ranged from 75% to 95%. Erythroid hy-
perplasia with predominance of precursors were also 
noted in the bone marrow aspiration of the megaloblas-
tic anemia. Giant metamyelocytes, hypersegmented 
neutrophils and an abnormal proliferation and matura-
tion in the erythroid precursors with large megaloblas-
tic erythroblasts were present in bone marrow of all 
patients of megaloblastic anemia.18-20

In this study, 19.4% cases were diagnosed as aplas-
tic anemia, age of the patients varied from 15 to 74 years 
with the mean age of 34±2.96 years. The male to female 
ratio was 6:1.3 and patients in this group were farmers 
and 2 were painters by profession who were exposed to 
insecticides and chemicals like benzene. These should 
be considered as possibilities for causing aplastic ane-
mia. In this study all the cases diagnosed as aplastic ane-
mia had reticulocytes counts below 1%.

In the present study most common presenta-
tion was pallor in 104 cases (98.1%) and early fatigue 
in 91 cases (85.8%) followed by dyspnea in 54 patients 
(50.9%). Fever was the next common presentation in 53 
patients (50%) followed by splenomegaly in 32 (30.19%) 
patients and bleeding in 26 cases (24.5%). Hepatomeg-
aly was seen in 17 cases (16.03%). These findings were 
similar to the findings of Memon et al. and Khodke et 
al.5,7 Fever (47.7%) and bleeding (33.7%) were present 
in the patients in the study by Niazi and Raziq.4 In the 
present study, splenomegaly was seen in 30.19% and 
hepatomegaly in 16.03% cases. The frequencies of sple-
nomegaly and hepatomegaly were similar in various 
studies by Niazi and Raziq and Khodke et al.4,7 

In this study, the disease processes resulting in pan-
cytopenia in the peripheral blood in order of decreasing 
frequency were megaloblastic anemia (64.2%), aplastic 
anemia (19.8%), malaria (6.6%), history of drug intake 

(2.8%), mixed nutritional anemia (2.8%), iron deficien-
cy (1.9%) and tuberculosis (1.9%). 

The findings of our study corresponds with the find-
ings of the study done by Khodke et al  and Khunger 
et al. and Sweta et al. who found megaloblastic anemia 
44%,74% and 66% respectively as the most common 
cause of pancytopenia, followed by aplastic anemia 14%, 
14% and 18%.7,6,15

In the present study, megaloblastic anemia (64.2%) 
was the most common cause of pancytopenia. Inci-
dence of megaloblastic anemia varies from 0.8% to 68% 
in different studies. In our country, high incidence of 
megaloblastic anemia may be due to high prevalence 
of nutritional deficiencies of vitamin B12, folic acid or 
both.13,14 

Malaria (6.6%) was third most common cause of 
pancytopenia in this study. Similarly, Tilak and Jain 
in their study also described malaria as the third most 
common cause of pancytopenia.7 In the study by Kumar 
et al. 3% of pancytopenia was due to malaria.12

Vitamin B12 deficiency (<200 pg/mL) was found to 
be a significant cause of pancytopenia even in patients 
who did not present with megaloblastic anemia on mor-
phological assessment. The Chi Square test showed a 
significant p value of <0.05 amongst all the 106 cases ir-
respective of etiology. 

A few limitations of the study include limited num-
ber of patients. A larger sample size will give a more 
comprehensive result for this study. Pancytopenia relat-
ed to malignant disorders is not included in the study to 
keep it more focused on everyday clinical admissions.

Conclusion
Megaloblastic anemia was the most common cause of 
pancytopenia in this study followed by aplastic anemia 
among the non-malignant disorders. Mixed nutrition-
al deficiency, malaria, tuberculosis and iron deficiency 
were  found to be significant causes of pancytopenia. A 
comprehensive clinical and hematological workup helps 
in evaluating the etiology of pancytopenia. In addition, 
vitamin B12 deficiency is found to be a significant cause 
of pancytopenia.

Variation in the frequency of disorders causing pan-
cytopenia has been ascribed to differences in methodol-
ogy, stringency of diagnostic criteria, geographic area, 
period of observations and genetic differences, after 
analyzing the observations noted in the present study. 
Maximum diagnostic yield can be achieved by correla-
tion with clinical findings, peripheral blood findings 
and with other laboratory and radiological parameters. 
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ABSTRACT
Introduction and aim. The synthesis of heterocyclic compounds containing oxygen and nitrogen is profoundly intriguing due 
to their mechanistic implications in both research and development within organic chemistry and drug discovery. The primary 
aim of this study is to fabricate a range of pharmacologically active drugs containing the isoxazole moiety. 
Material and methods. The synthesis of new derivatives of isoxazole was achieved through a one-pot condensation reaction of 
2-[(Substituted phenyl)hydrazono]malononitrile (1) and 3-[(Substituted phenyl)azo]-2,4-Pentanedione (2) with sodium acetate 
and hydroxylamine hydrochloride (1:1) in ethanol. All the compounds were screened for their in vitro antibacterial activity, in 
vitro antioxidant and anticancer activity. The synthesized compounds underwent characterization through FTIR, 1H NMR, and 
13C NMR analyses, supported by mass spectral data and elemental analysis.
Results. A set of novel isoxazole derivatives was synthesized with a favorable yield. Among compounds 1d, 1e, 2c, 2d, and 
2e exhibited notable antioxidant activities. Compounds 1a, 1b, and 1c demonstrated significant anticancer potential against 
prostate cancer [PC3] cell lines compared to normal HEK cell lines, while 2a displayed the highest inhibitory zone against Esch-
erichia coli.
Conclusion. Novel compounds with multifaceted biological activities have been successfully designed, and a synthetic route 
to create isoxazole derivatives has been devised and verified.
Keywords. antibacterial, antioxidant activity and anticancer potential, isoxazole, pathogenic bacterial
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Introduction
For researchers worldwide, addressing bacterial in-
fectious diseases remains an extremely vital and chal-
lenging issue.1 Despite the invention of numerous novel 
antimicrobial drugs, their clinical efficacy remains limit-
ed in treating a growing number of life-threatening viral 

infections. This limitation arises from their high toxici-
ty risk and the potential for developing drug resistance 
through gene sequence alterations.2-3 

Isoxazole, along with numerous other heterocyclic 
compounds, holds a broad spectrum of pharmaceutical 
applications (Fig. 1). 
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Fig. 1. Graphical abstract depicting the activity of isoxazole 
compounds

Fig. 2. Isoxazole contained drug

Exploring techniques for the development and syn-
thesis of various heterocyclic-containing isoxazole scaf-
folds and their applications holds great importance in 
the realm of medicinal chemistry. Heterocyclic com-
pounds, including isoxazole, are meticulously examined 
for their pharmacological actions and have emerged as 
significant pharmacophores.4-6 These compounds ex-
hibit a wide range of therapeutic uses, including an-
ti-inflammatory effects, CNS depressant properties, 
antimicrobial activity, analgesic effects, anti-cancer 
properties, antioxidant properties, anti-tubercular activ-
ity, and various other biological activities such as GABA 
(γ-aminobutyric acid) agonistic activity, antihyperten-
sive activity, and inhibitory activity.7-23 Isoxazole plays a 
crucial role in synthesizing numerous natural and artifi-
cial compounds. Additionally, researchers have demon-
strated various biological activities of different types 
of azole-based heterocyclic compounds, underscoring 
their medicinal significance (Fig. 2). The presence of 
diverse functional groups, such as amides, azoles, and 
alkyl groups, linked to the basic pharmacophoric unit 
structure, results in different modes of action that may 
be beneficial for treating microbial infections.24 

Based on these observations and our work related to 
isoxazole synthesis, spectroscopy, and biological studies, 
this study aimed to evaluate the antioxidant, anti-can-
cer, and antibacterial activities of a series of novel isox-
azole compounds. 

Aim
In this research article, we conducted the synthesis of 
isoxazole derivatives and evaluated the antibacterial, an-
tioxidant and anticancer activities of a series of novel 
isoxazole compounds. 

Material and methods
Thin layer chromatography (TLC) was employed to en-
sure the completeness and purity of the reactions. In-
frared (IR) spectra were acquired using a DRS probe on 
a SHIMADZU-FTIR-8400 spectrophotometer, cover-
ing frequencies ranging from 4000 to 400 cm–¹. NMR 
spectra were recorded on a BRUKER AVANCE II spec-
trometer at 500 MHz for both 1H and 13C nuclei, with 
DMSO-d6 serving as the solvent and TMS as the inter-
nal standard. Mass spectra were obtained using a direct 
intake probe on the mass spectrometer. Compounds 
utilized in this study were provided by Merck and Spec-
trochem Chemical companies, and all obtained com-
pounds were of reagent grade. Additionally, all solvents 
were freshly distilled prior to use. 

Experimental section
General protocol for the synthesis of hydrazone 2-[(Sub-
stituted Phenyl)hydrazono]malononitrile (1) (SMN) and 
3-(substituted phenylazo)-2,4-pentanedione (2) (SPD)
The diazotization of various -o, -m, -p-substituted ani-
lines is followed by in situ condensation with malononi-
trile and acetylacetone in the presence of sodium acetate, 
yielding the intermediates 2-[(substituted phenyl)hy-
drazono]malononitrile (1) (SMN) and 3-(substituted 
phenylazo)-2,4-pentanedione (2) (SPD). Diazotization 
is a process wherein an amine group (-NH2) is convert-
ed into a diazonium salt by treatment with sodium ni-
trite (NaNO2). After diazotization, the diazonium salt 
reacts with malononitrile (cyanoacetic acid) within the 
same reaction vessel. In a separate step, the diazonium 
salt reacts with acetylacetone (also known as 2,4-pen-
tanedione). Both end products, 2-[(substituted phenyl)
hydrazono]malononitrile (1) (SMN) and 3-(substituted 
phenylazo)-2,4-pentanedione (2) (SPD), serve as versa-
tile intermediates that can be utilized in other synthet-
ic transformations to generate alternative compounds 
with desired properties.25

General process for the synthesis of isoxazole (1a-e) and 
(2a-e)
Furthermore, treatment of 2-[(substituted phenyl)hy-
drazono]malononitrile (SMN) (1) (0.94 g, 5 mmol) and 
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3-(substituted phenylazo)-2,4-pentanedione (SPD) (2) 
(5 mmol) with hydroxylamine hydrochloride and sodi-
um acetate (1:1) in refluxing ethanol yielded compounds 
(1a-e) and (2a-e) as exclusive products (Fig. 3). The re-
action mixture was stirred for 5-6 hours at 60–70°C and 
monitored by TLC. Upon completion, the reaction was 
quenched with ice-cold water. The crude product (15 
mL) was then extracted with chloroform, and the organ-
ic layer was washed with water before being evaporated 
in a rotary evaporator to obtain the solid component. 
Subsequently, the product underwent recrystallization 
in ethanol for purification. The physicochemical char-

acterization is presented in Table 1, and Figure 4 and 5 
illustrate the synthesis mechanisms.	

3,5-Diamino-4-(4’-bromophenylazo) isoxazole (1a) (Fig. 6)

Fig. 6. 3,5-Diamino-4-(4’-bromophenylazo) isoxazole (1a)

Fig. 3. Synthesis of compound (1a-e) and (2a-e)

Fig. 4. Mechanism of synthetic path of compounds (1a-e)

Fig. 5. Mechanism of synthetic path of compounds (2a-e)
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Yield: 81%; IR (νmax,cm−1): 3420, 3234(NH2), 1610(C=C), 
1391(N=N), 616(C-Br); (IR spectrum of compound in 
Figure S1); 1H NMR (500 MHz, DMSO-d6) δ 7.61(d, 
2H), 7.72 (d,2H), 6.15(s, 2H, D2O exchangeable), 8.32(s, 
2H, D2O exchangeable), 13C NMR (500 MHz, DMSO) δ 
105.11, 120.25, 122.66, 131.14, 131.70, 150.12, 151.86, 
MS (EI): [M+1]+ and [M+1+2]+ 283.96, 284.96. Anal. 
Calcd. For C9H8BrN5O: C, 38.32; H, 2.86; N, 24.83; 
Found: C, 38.31; H, 2.85; N, 24.79. (1H-NMR data is 
shown in Figure S11, 13C- NMR data is shown in Fig-
ure S21, D2O exchange data shown in Figure S26, mass 
spectrum in Figure S28 and elemental analysis shown 
in Figure S33).

3,5-Diamino-4-(3’-chlorophenylazo) isoxazole (1b) (Fig. 7)

Fig. 7. 3,5-Diamino-4-(3’-chlorophenylazo) isoxazole (1b)

Yield: 85%; IR (νmax,cm−1): 3408, 3242(NH2), 1625(C=C), 
1370(N=N), 631(C-Cl); (IR spectrum of compound in 
Figure S2); 1H NMR (500 MHz, DMSO-d6) δ 7.87(s,1H), 
7.72  (d,1H), 7.48(d,1H), 7.3(dd,1H), 6.25(s, 2H, D2O 
exchangeable), 8.41(s, 2H, D2O exchangeable), 13C 
NMR(500 MHz, DMSO) δ 107.14, 126.92, 128.81, 129.11, 
130.08, 130.24, 132.24, 155.12, 161.9, MS(EI): [M+1]+ and 
[M+1+2]+, m/z, 238.95, 239.95. Anal. Calcd. For C9H8Cl-
N5O: C, 45.49; H, 3.39; N, 29.47; Found: C, 46.12; H, 3.05; 
N, 29.14 (1H-NMR data is shown in Figure S12). 

3,5-Diamino-4-(4’-fluorophenylazo) isoxazole (1c) (Fig. 8)

Fig. 8. 3,5-Diamino-4-(4’-fluorophenylazo) isoxazole (1c)

Yield: 82%; IR (νmax,cm−1): 3420, 3242(NH2), 1610(C=C), 
1395(N=N), 609(C-F); (IR spectrum of compound in 
Figure S3);  1H NMR(500 MHz, DMSO-d6) δ 7.80(d, 
2H), 7.26 (d,2H), 6.11(s, 2H, D2O exchangeable), 8.29(s, 
2H, D2O exchangeable), 13C NMR (500 MHz, DMSO) 
δ 107.62, 115.58, 116.10, 116.27, 122.48, 149.55, 162.48 
MS(EI):[M+1]+, m/z, 221.09. Anal. Calcd. For C9H8F-
N5O: C, 48.87; H, 3.65; N, 31.66; Found: C, 48.42; H, 
3.55; N, 30.92. (1H-NMR data is shown in Figure S13, 
13C- NMR data is shown in Figure S22, D2O exchange 
data shown in Figure S27, mass spectrum in Figure S29).

3,5-Diamino-4-(2’-bromophenylazo) isoxazole (1d) (Fig. 9)

Fig. 9. 3,5-Diamino-4-(2’-bromophenylazo) isoxazole (1d)

Yield: 78%; IR (νmax,cm−1): 3397, 3234 (NH2), 1618 (C=C), 
1469(N=N), 624(C-Br); (IR spectrum of compound in 
Figure S4); 1H NMR(500 MHz, DMSO-d6) δ 7.81(d, 1H), 
7.72 (dd,1H), 7.58(dd,1H), 7.20(d,1H), 6.45(s, 2H, D2O 
exchangeable), 8.51(s, 2H, D2O exchangeable), 13C NMR 
(500 MHz, DMSO) δ 102.52, 117.41, 127.71, 128.12, 
131.0, 131.6, 131.9, 150.21, 158.9, MS (EI): [M+1]+ and 
[M+1+2]+, 283.96, 284.96. Anal. Calcd. For C9H8BrN5O: 
C, 38.32; H, 2.86; N, 24.83; Found: C, 38.24; H, 2.91; N, 
24.72. (1H-NMR data is shown in Figure S14 and elemen-
tal analysis shown in Figure S34).

3,5-Diamino-4-(2’-chlorophenylazo) isoxazole (1e) (Fig. 10)

Fig. 10. 3,5-Diamino-4-(2’-chlorophenylazo) isoxazole (1e)

Yield: 81%; IR (νmax,cm−1): 3412, 3264 (NH2), 1632 
(C=C), 1506(N=N), 602(C-Cl); (IR spectrum of com-
pound in Figure S5);  1H NMR(500 MHz, DMSO-d6) 
δ 7.81(d,1H), 7.72(dd,1H), 7.57(dd,1H), 7.28(d,1H), 
6.43(s, 2H, D2Oexchangeable), 8.50(s, 2H, D2O ex-
changeable), 13C NMR(500 MHz, DMSO) δ 105.12, 
126.81, 128.47, 128.88, 130.29, 130.34, 134.37, 152.21, 
158.91, MS(EI): [M+1]+and [M+1+2]+, m/z, 238.95, 
239.95. Anal. Calcd. For C9H8ClN5O: C, 45.49; H, 3.39; 
N, 29.47; Found: C, 45.92; H, 3.35; N, 29.24. (1H-NMR 
data is shown in Figure S15).

3,5-Dimethyl-4-(2’-chloro-4’-nitrophenylazo) isoxazole 
(2a) (Fig. 11)

Fig. 11. 3,5-Dimethyl-4-(2’-chloro-4’-nitrophenylazo) 
isoxazole (2a)
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Yield: 91%; IR (νmax,cm−1): 2915, 2896(C-H), 1610 (N=N), 
1545(C=C), 1403(N-O), 672(C-Cl); (IR spectrum of com-
pound in Figure S6); 1H NMR(500 MHz, DMSO-d6) δ 2.51 
(s, 3H), 2.84(s,3H), 7.88(d,1H), 8.31(d,1H), 8.53(s,1H); 13C 
NMR(500 MHz, DMSO) δ 11.47, 11.64, 118.05, 123.41, 
125.80, 133.28, 133.52, 148.35, 151.50, 152.49, 173.31, 
MS(EI): [M+1]+ and [M+1+2]+, m/z, 281.04, 282.04. 
Anal. Calcd. For C11H9ClN4O3: C, 47.07; H, 3.23; N, 19.96; 
Found: C, 47.11; H, 3.29; N, 19.94. (1H-NMR data is shown 
in Figure S16, 13C- NMR data is shown in Figure S23, and 
elemental analysis shown in Figure S35).

3,5-Dimethyl-4-(3’-nitrophenylazo) isoxazole (2b) (Fig. 12)

Fig. 12. 3,5-Dimethyl-4-(3’-nitrophenylazo) isoxazole

Yield: 86%; IR (νmax,cm−1): 2923, 2856(C-H), 1603(N=N), 
1491(C=C), 1405(N-O); (IR spectrum of compound in 
Figure S7); 1H NMR(500 MHz, DMSO-d6), δ 2.50(s, 
1H), 2.82 (s,3H), 7.89(dd,1H), 8.26(d,1H), 8.39(d,1H), 
8.52(s,1H); 13C NMR(500 MHz, DMSO) 11.14, 11.43, 
112.25, 123.21, 128.12, 131.24, 134.92, 148.32, 155.50, 
156.39, 163.31, MS(EI):[M+1]+, m/z, 247.05. Anal. Cal-
cd. For C11H10N4O3: C, 53.66; H, 4.09; N, 22.75; Found: 
C, 54.19; H, 4.91; N, 22.12. (1H-NMR data is shown in 
figure-S17, mass spectrum in Figure S30).

3,5-Dimethyl-4-(2’-fluoro-4’-methylphenylazo) isoxazole 
(2c) (Fig. 13)

Fig. 13. 3,5-Dimethyl-4-(2’-fluoro-4’-methylphenylazo) 
isoxazole (2c)

Yield: 83%; IR (νmax,cm−1): 2915, 2856(C-H), 1640(N=N), 
1503(C=C), 615(C-F); (IR spectrum of compound in Fig-
ure S8); 1H NMR(500 MHz, DMSO-d6) δ2.40(s,3H), 
2.50(s,3H), 2.75 (s,3H), 7.10(d,1H), 7.30(d,1H), 7.6(s,1H); 
13C NMR(500 MHz, DMSO) δ 11.16, 11.43, 117.10, 117.25, 
125.43, 132.21, 143.99, 152.72, 157.80, 159.83, 170.08; 
MS(EI):[M+1]+, m/z, 234.12. Anal. Calcd. For C12H12F-
N3O: C, 61.79; H, 5.19; N, 18.02; Found: C, 61.19; H, 4.91; 
N, 18.11. (1H-NMR data is shown in figure-S18, 13C- NMR 
data is shown in Figure S24, mass spectrum in Figure S31 
and elemental analysis shown in Figure S36).

3,5-Dimethyl-4-(2’-fluoro-3’-chlorophenylazo) isoxazole 
(2d) (Fig. 14)

Fig. 14. 3,5-Dimethyl-4-(2’-fluoro-3’-chlorophenylazo) 
isoxazole (2d)

Yield: 82%; IR (νmax,cm−1): 2976, 2861(C-H), 1570 
(N=N), 1488(C=C), 608(C-F), 561(C-Cl); (IR spec-
trum of compound in Figure S9); 1H NMR(500 MHz, 
DMSO-d6) δ2.45 (s, 3H), 2.78(s,3H), 7.35(d,1H), 
7.65(dd,1H), 7.75(d,1H); 13C NMR (500 MHz, DMSO) 
δ 11.35, 11.52, 117.48, 120.71, 122.91, 131.62, 149.11, 
152.62, 157.14, 159.14, 170.82; MS(EI):[M+1]+, 
[M+1+2]+ m/z, 254.06, 256. 06. Anal. Calcd. For C11H-
9ClFN3O: C, 52.09; H, 3.58; N, 16.57; Found: C, 51.90; 
H, 4.11; N, 16.12. (1H-NMR data is shown in Figure S19, 
mass spectrum in Figure S32).

3,5-Dimethyl-4-(3’-chloro-4’-fluorophenylazo) isoxazole 
(2e) (Fig. 15)

Fig. 15. 3,5-Dimethyl-4-(3’-chloro-4’-fluorophenylazo) 
isoxazole (2e)

Yield: 88%; IR (νmax,cm−1): 2923, 2841(C-H), 1598 
(N=N), 1496(C=C), 615(C-F), 578(C-Cl); (IR spec-
trum of compound in Figure S10); 1H NMR(500 MHz, 
DMSO-d6) δ2.47(s, 3H), 2.78(s,3H), 7.60(dd,1H), 
7.85(dd,1H), 8.0(dd,1H); 13C NMR(500 MHz, DMSO) 
δ 11.25, 11.54, 117.68, 120.86, 123.64, 131.62, 149.08, 
152.72, 157.34, 159.34, 170.90; MS(EI):[M+1]+, 
[M+1+2]+ m/z, 254.06, 256. 06. Anal. Calcd. For C11H-
9ClFN3O: C, 52.09; H, 3.58; N, 16.57; Found: C, 52.12; 
H, 3.51; N, 17.02. (1H-NMR data is shown in Figure S20, 
13C- NMR data is shown in Figure S25 and elemental 
analysis shown in Figure S37).

Biological evaluation 
Anti-bacterial activity
The agar-well diffusion technique was used to evalu-
ate the antimicrobial activity.26 The agar plates were 
used to test the antibacterial activity of isolated com-
pounds against the tested microorganisms. By using 
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a sterile cork borer, a plate was punched with a diam-
eter of 6 to 8mm. Four pathogenic bacterial strains—
two Gram-positive [Staphylococcus aureus (MTCC 96) 
and Bacillus subtilis (MTCC 121)] and two Gram-neg-
ative [Escherichia coli (MTCC 1652) and Pseudomonas 
fluorescens (MTCC 741)]—with a volume of 100µl in-
oculum were spread over the Petri plates. The diluted 
compound, having a concentration of up to 20 to 100 
µM, was suspended inside the wells. In a BOD incuba-
tor, the plates were incubated for 24 hours at 37°C. Anti-
bacterial activity was interpreted based on the diameter 
of the zone of inhibition, which was measured in milli-
meters (mm). The reference antibiotics used were baci-
tracin and chloramphenicol.

Table 1. Physiochemical properties of compound (1a-e) 
and (2a-e) 

Code R1 R2 R3 R4

Molecular 
formula

Molecular 
weight

Melting 
point

Color
Physical 

State

1a -H -H -Br -H C9H8BrN5O 282.10 152°C brown solid

1b -H -Cl -H -H C9H8ClN5O 237.65 158°C
light 

brown
solid

1c -H -H -F -H C9H8FN5O 221.20 156°C
light 

brown
solid

1d -Br -H -H -H C9H8BrN5O 282.10 148°C yellow solid

1e -Cl -H -H -H C9H8ClN5O 237.65 159°C yellow solid

2a -Cl -H -NO2 -H C11H9ClN4O3 280.67 162°C yellow solid

2b -H -NO2 -H -H C11H10N4O3 246.23 168°C yellow solid

2c -F -H -CH3 -H C12H12FN3O 233.25 172°C yellow solid

2d -F -Cl -H -H C11H9ClFN3O 253.66 178°C yellow solid

2e -H -Cl -F -H C11H9ClFN3O 253.66 170°C yellow solid

Anti-oxidant activity by DPPH radical scavenging assay
The in vitro antioxidant potential of synthesized com-
pounds was evaluated using the 1,1-diphenyl-2-picryl 
hydrazide (DPPH) radical scavenging method.27 For the 
stock solution, a total of 24 mg of DPPH was dissolved 
in 100 ml of ethanol. Ethanol filtering of the DPPH 
stock solution produced an effective combination with 
an absorbance of about 0.973 at 517 nm. Used a 3 mL 
DPPH solution, and introduced 100 µl of varying con-
centrations of the test compound (20, 40, 60, 80, and 
100 µM) in ethanol. After 30 minutes of rt incubation, 
the absorbance was measured at 517 nm against a blank.  

The percentage inhibitions were calculated using 
the following formula: DPPH scavenging activity (%) 

where A is the absorbance of the test compound and 
Acontrol is the absorbance of the control reaction (which 
contains all the reagents save the test compound).

Anti-cancer activity
Materials
Fetal Bovine Serum (FBS), Dulbecco’s Modified Ea-
gle Medium (DMEM), Roswell Park Memorial Insti-
tute (RPMI)-1640 medium, and antibiotic solutions (100 
units/ml penicillin and 10 µM streptomycin) were pro-
vided by HiMedia Laboratories Pvt. Ltd., Mumbai, India. 
MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetra-
zolium bromide] and all other chemical and reagent with 
analytical grade were used in different experiments.  

Cell culture
The PC3 cell line (derived from a metastatic site: bone) 
representing human prostate cancer and human em-
bryonic kidney (HEK-293) cells were procured from 
the National Centre for Cell Science (NCCS) locat-
ed in Pune, India. PC-3 cells were nurtured in RPMI-
1640 medium, while HEK-293 cells were cultivated in 
DMEM supplemented with 10% FBS and 1% penicil-
lin-streptomycin antibiotic solution. Cells were grown 
at 37°C in a 5% CO2 culture condition.

Drug treatment
The stock solutions of various compounds at a concentra-
tion of 1M were prepared using DMSO as the solvent. The 
initial stock was further diluted into millimolar concen-
trations, and the ultimately specified final concentration 
for cell treatment was directly diluted into the culture me-
dia. For vehicle control, 0.1% DMSO in media was used.

MTT [3-(4,5-Methylthiazol-2-yl)-2,5-diphenyl-tetra-
zolium bromide] assay
The cytotoxicity of different substances on normal hu-
man embryonic kidney (HEK) and prostate cancer 
(PC3) cells was assessed using the MTT assay. In 96-
well plates, cells were seeded at a density of 2.5×103 for 
24 hours and then left to re attach for another 24 hours. 
Different chemical concentrations, ranging from 5 µM 
to 640 μM, were applied to the cells. The media was 
changed after the treatment period of 24 hours to new 
media containing 100 μg of MTT per well, and it was in-
cubated for 4 hours at 37°C. 

After the removal of the media, to dissolve the pur-
ple formazan crystal, 100 μL of DMSO was added to 
each well. The absorbance was measured at 595 nm us-
ing an ELISA reader (Bio-Rad). Cell viability was calcu-
lated by using the following formula:

Statistical analysis
GraphPad prism 8 [GraphPad software, Inc., La Jolla. 
GA] was used for statistical analysis. Ordinary One-
way ANOVA [Analysis for variance] was employed 
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for checking the statistical significance of the results. 
All sample were analyzed in triplicate and expressed as 
mean± SD for n=3. The p value determined the level of 
significance at different. The p<0.0001 (****) were re-
garded as highly significant.

Results and discussion
Chemistry
The synthetic pathways selected for the preparation 
of key intermediates, 2-[(substituted phenyl)hydra-
zono]malononitrile (1) and 3-[(substituted phenyl)
azo]-2,4-pentanedione (2), as well as the target com-
pounds (1a-e) and (2a-e), are outlined in Figure 3, with 
Figures 4 and 5 illustrating the mechanisms of the syn-
thetic paths. In Figure 3, the reaction of 2-[(substituted 
phenyl)hydrazono]malononitrile (1) and 3-[(substituted 
phenyl)azo]-2,4-pentanedione (2) with hydroxylamine 
hydrochloride and sodium acetate in a 1:1 ratio yield-
ed isoxazoles (1a-e) and (2a-e) in good yields (75-91%). 
The infrared (IR) spectrum of the novel isoxazole ana-
logues (1a-e) and (2a-e) revealed distinctive absorption 
bands indicative of specific functional groups. Notably, 
the NH2 groups exhibited symmetric stretching at 3397 
cm-1 and asymmetric stretching at 3264 cm-1, while the 
CH3 groups demonstrated symmetric stretching at 2915 
cm-1 and asymmetric stretching at 2896 cm-1. These ab-
sorption peaks provided valuable insights into the mo-
lecular composition and structural characteristics of the 
compounds under investigation. The stretching frequen-
cy resulting from the azo group gave rise to a prominent 
absorption band in the range of 1410 to 1490 cm-1, while 
absorption bands associated with C=C stretching mani-
fested within the range of 1610 to 1632 cm-1. 

The disappearance of two singlet peaks in com-
pounds (1a-e) and the emergence of two singlet peaks 
at δ 6.12-8.51 ppm, corresponding to two NH2 protons, 
were confirmed by the 1H NMR and D2O exchangeable 
spectra of the respective isoxazoles. In the new isoxaz-
ole ring (2a-e), two substituted methyl groups appeared 
as singlet peaks, each representing three protons with 
intensity at δ 2.45-2.84 ppm in the 1H NMR spectra. All 
compounds exhibited a proton signal in the range of δ 
7.11 to 8.52 ppm for the substituted phenyl ring with 
various functional groups. Additionally, the 13C NMR 
spectra of (1a-e) and (2a-e) were observed in the range 
of δ 105.12-173.12, with methyl carbon in (2a-e) ap-
pearing at δ 11.16-11.64 ppm.  

Antibacterial activity assessment
The results revealed that all the compounds exhibited a 
moderate level of antibacterial activity against the four 
tested pathogenic bacterial strains B. subtilis (MTCC 
121) and S. aureus (MTCC 96), P. fluorescens (MTCC 
741) and E. coli (MTCC 1652). Compound 2a demon-
strated the highest level of activity against E. coli (20 

mm), compound 1d demonstrated the lowest level of ac-
tivity against P. fluorescens (11 mm), and compound 1e 
demonstrated the least amount of activity against B. sub-
tilis. There was no evidence of inhibition observed in the 
negative control (DMSO). All the compounds showed 
significant inhibition of growth in the tested microor-
ganisms at a concentration of 100 µM. The potency of 
all compounds was compared with the reference drugs 
bacitracin and chloramphenicol. Bacitracin exhibit-
ed the largest zone of inhibition at 28 mm against both 
P. fluorescens and E. coli. Meanwhile, chloramphenicol 
demonstrated the highest zone of inhibition at 30 mm, 
particularly against E. coli. Table 2 indicates the zone of 
inhibition, while Figure 16 illustrates the antibacterial 
activity graph of compounds (1a-e) and (2a-e). 

Table 2. Zone of inhibition of antibacterial activity of 
compound (1a-e) and (2a-e)

  Gram positive bacteria Gram negative bacteria

  B. subtilis S. aureus P. fluorescens E. coli

Compound
Zone of 

inhibition (mm)
Zone of 

inhibition (mm)
Zone of 

inhibition (mm)
Zone of 

inhibition (mm)

1a 14.14±0.16 18.11±0.16 12.25±0.34 17.14±0.16

1b 13.15±0.19 13.14±0.16 16.22±0.22 12.16±0.20

1c 16.22±0.24 16.18±0.21 12.36±0.34 17.16±0.24

1d 12.17±0.22 14.16±0.19 11.33±0.40 18.21±0.26

1e 11.23±0.27 14.16±0.21 12.25±0.29 16.17±0.26

2a 16.26±0.29 18.20±0.31 14.32±0.29 20.14±0.17

2b 19.24±0.27 15.25±0.29 15.32±0.34 16.22±0.21

2c 15.17±0.19 14.18±0.19 12.43±0.48 15.14±0.16

2d 14.2±0.25 15.22±.29 14.22±0.29 18.13±0.14

2e 16.21±0.21 14.26±0.29 16.43±0.38 19.15±0.18

Bacitracin 25.16±0.20 26.18±.24 28.34±0.35 28.18±0.26

Chloramphenicol 26.13±0.16 23.25±0.37 27.44±0.44 30.18±0.19

Fig. 16. Antibacterial activity graph of isoxazole 
derivative (1a-e) & (2a-e). Data are means ± SD from three 
independent experiments

Antioxidant activity
The newly synthesized compounds were also evalu-
ated for their antioxidant properties using 1,1-diphe-
nyl-2-picryl hydrazide (DPPH). All the compounds 
exhibited good radical-scavenging activity, but com-
pounds 1d, 1e, 2c, 2d, and 2e demonstrated a particu-
larly strong range of radical scavenging activity at the 
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concentration of 20, 40, 60, 80,100 µM compared to the 
others (Fig. 17). The percentage of DPPH activity, calcu-
lated using the reported formula, was 33.19%, 22.23%, 
36.51%, 28.22%, and 36.04%, respectively. Color vari-
ations were observed in the tested compounds after a 
30-minute incubation with a DPPH-containing solu-
tion. Figure 17 illustrates the antioxidant activity graph 
of the isoxazole derivatives (1a-e) and (2a-e). 

Fig. 17. Anti-oxidant activity graph of isoxazole derivative 
(1a-e) & (2a-e). Data are means ± SD from three 
independent experiments

Anticancer activity
Compounds 1a, 1b, 1c, and 1d were assessed for their 
anticancer activity against PC3 and HEK cell lines at 
various concentrations ranging from 10 μM to 640 μM, 
among all the synthesized compounds. Across differ-
ent dosages of drug treatments, these tested compounds 
consistently demonstrated greater inhibition of can-
cer cell lines compared to normal cells (Figures 18-21). 
Notably, these compounds exhibited their maximum 
inhibitory effect on normal cells only at higher doses, 
specifically at 640 μM, while demonstrating an effect on 
cancer cell lines at lower doses. The IC50 values of com-
pounds 1a, 1b, 1c, and 1d are presented in Table 3. 

Table 3. The IC50 value of compound 1a, 1b, 1c, and 1d
Compound IC50 (μM)

PC3 HEK

(1a) 3, 5-Diamino-4-(4’-bromophenylazo) isoxazole

 

O
N

N
N

Br

H2N

NH2

53.96±1.732 41.24±1.881

(1b) 3, 5-Diamino-4-(3’-chlorophenylazo) isoxazole

 

O
N

N
N Cl

H2N

NH2

47.27±1.675 42.10±1.46

(1c) 3, 5-Diamino-4-(4’-fluorophenylazo) isoxazole

 

O
N

N
N

F

H2N

NH2

147.9±2.170 66.13±2.073

(1d) 3,5-Diamino-4-(2’-bromophenylazo) isoxazole

 

O
N

N
N

Br

H2N

NH2

38.63±1.587 103.1±1.900

Doxorubicin 0.09±0.014 171.65±2.65

 
SAR analysis
The isoxazole heterocycle exhibits significant pharma-
cological activities, particularly as an anticancer agent, 
as highlighted in recent research findings concern-
ing this fundamental structure.28 This observation is 
corroborated by evidence that the isoxazole heterocy-
cle serves as a crucial pharmacophore for antiprolifer-
ative activities. Furthermore, the effectiveness of these 
activities is notably enhanced when the phenyl ring is 
substituted with halogens, specifically fluorine (F), bro-

Fig. 18. Effect of different doses of 1a compound on cell viability of prostate cancer; and effect of different doses of 1a 
compound on cell viability of normal human embryonic kidney cells (HEK) 
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Fig. 19. Effect of different doses of 1b compound on cell viability of prostate cancer; and effect of different doses of 1b 
compound on cell viability of normal human embryonic kidney cells (HEK)

Fig. 20. Effect of different doses of 1c compound on cell viability of prostate cancer; and effect of different doses of 1c 
compound on cell viability of normal human embryonic kidney cells (HEK)

Fig. 21. Effect of different doses of 1d compound on cell viability of prostate cancer; and effect of different doses of 1d 
compound on cell viability of normal human embryonic kidney cells (HEK)
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mine (Br), and/or chlorine (Cl).29-30 In our study, all an-
alogues with electron withdrawing groups such as -F, 
-Cl, and -Br demonstrated anticancer effects against ex-
perimental cancer cell lines. Among these, in the PC3 
cell line, the ortho-substituted analogue 1d exhibited 
the most potent cytotoxic effects, followed by the me-
ta-substituted 1b and then the para-substituted 1a and 
1c. Among the para-substituted analogs, 1a and 1c, the 
bromine-substituted analogue showed greater cytotoxic 
effects compared to the fluorine-substituted analogue. 
In the HEK cell line, the para-substituted analogue 1a 
showed superior anticancer effects compared to the me-
ta-substituted 1b, followed by the ortho-substituted 1d. 
However, among the para-substituted analogs, 1a and 
1c, the bromine-substituted analogue demonstrated 
greater cytotoxic effects compared to the fluorine-sub-
stituted analogue, similar to what was observed in the 
PC3 cell line. It appears that the size, position, and elec-
tronic effects of the substituents play an important role 
in determining activity.

Conclusion
In the pursuit of novel compounds with multifaceted bi-
ological activity, we have successfully devised and vali-
dated a synthetic route to produce isoxazole derivatives 
(1a-e) and (2a-e). Rigorously scrutinized through di-
verse spectral analyses, this synthetic pathway has been 
validated. Moving beyond synthesis, we embarked on a 
comprehensive journey to unravel the potential biolog-
ical attributes of these compounds. Our investigations 
encompassed a holistic evaluation of antibacterial, an-
tioxidant, and anticancer properties. In terms of anti-
bacterial prowess, all compounds emerged as robust 
contenders against both Gram-positive and Gram-neg-
ative bacterial strains. Notably, compound 2a exhibit-
ed maximum activity against E. coli. Compounds 1d, 
1e, 2c, 2d, and 2e demonstrated a good range of radi-
cal scavenging activity compared to other compounds. 
The percentage of DPPH activity calculated using the 
reported formula was 33.19%, 22.23%, 36.51%, 28.22%, 
and 36.04%, respectively. Compounds 1b, 1c, and 1d 
exhibited greater anticancer potential against PC3 cell 
lines at a dose of 640 μM of drug treatment, with 1d 
also demonstrating excellent potential and effect against 
the cell viability of HEK cell lines. The synthetic route 
can be further optimized to enhance efficiency, reduce 
costs, or explore variations in the chemical structure to 
improve the overall synthetic process. Furthermore, we 
can delve deeper into the structure-activity relationship 
of these compounds to understand the specific structur-
al features responsible for their biological activities. This 
knowledge can guide the design of new derivatives with 
improved efficacy.

The potential of isoxazole derivatives is rich with 
promise, spanning a diverse array of therapeutic appli-

cations within medicine and beyond. The future pros-
pects of isoxazole in the development of antibacterial 
and anticancer drugs entail further exploration of their 
mechanisms of action, optimization of their pharma-
cokinetic properties, and rigorous preclinical and clin-
ical evaluations. Given the global health threat posed 
by multidrug-resistant bacteria, isoxazole derivatives 
could provide a new avenue for combating bacterial 
infections. Additionally, their potential as anticancer 
agents open doors to innovative and targeted cancer 
treatments, instilling hope for improved therapeutic 
outcomes in the battle against both infectious diseas-
es and cancer. 

Acknowledgments
The authors express gratitude to all members of the 
Chemistry Department at Maharishi Markandeshwar 
(Deemed to be university) for their invaluable support, 
assistance, and encouragement throughout the course 
of this research. We are also thankful to Department of 
Bio-sciences and Technology, Maharishi Markandeshwar 
(Deemed to be university) for biological activity tests. 

Declarations
Funding
Financial support from the MM (DU) Education Trust 
management is available to facilitate the execution of 
this research.   

Author contributions 
Conceptualization, P.S. and A.B.; Methodology, K.V.; 
Software, T.S.; Validation, T.S., R.K.  and H.T.; Formal 
Analysis, K.V.; Investigation, P.S.; Resources, P.S.; Data 
Curation, K.V.; Writing – Original Draft Preparation, 
K.V.; Writing – Review & Editing, P.S.; Visualization, 
A.B.; Supervision, P.S.

Conflict of interest
The authors state, there are no conflict of interest about 
the publication of this research work.

Data availability
The dataset generated during research work is available 
from corresponding author on request.

Ethics approval
Not applicable.  

References
1.	 Doron S, Gorbach SL. Bacterial infections: overview. In-

ternational Encyclopedia of Public Health. 2008:273. doi: 
10.1016/B978-012373960-5.00596-7

2.	 Ma M, Cheng Y, Xu Z, et al. Evaluation of polyamidoami-
ne (PAMAM) dendrimers as drug carriers of anti-bac-
terial drugs using sulfamethoxazole (SMZ) as a model 



386 European Journal of Clinical and Experimental Medicine 2024; 22 (2): 376–387

drug. Eur J Med Chem. 2007;42(1):93-98. doi: 10.1016/j.
ejmech.2006.07.015

3.	 Yanagihara K. Design of anti-bacterial drug and anti-my-
cobacterial drug for drug delivery system. Curr Pharm 
Des. 2002;8(6):475-482. doi: 10.2174/1381612023395808

4.	 Diana P, Carbone A, Barraja P, Kelter G, Fiebig H, Cirrincione 
G. Bioorganic & Medicinal Chemistry and 3 , 5-bis ( 3 0 -indo-
lyl ) -isoxazoles , nortopsentin analogues. Bioorg Med Chem. 
2010;18(12):4524-4529. doi: 10.1016/j.bmc.2010.04.061

5.	 Sethi P, Khare R, Choudhary R. Complexes of pyrimidi-
ne thiones: Mechanochemical synthesis and biological 
evaluation. Asian J Chem. 2020;32(10):2594-2600. doi: 
10.14233/ajchem.2020.22813

6.	 Pooja S, Pernita D, Gupta GK, Mostafa Sahar I, Simrat K. 
Synthesis, characterization, anti-bacterial and DNA nic-
king activity of new complexes of 1-(2,4-dinitrophenyla-
mino)- 4, 4, 6-trimethyl-3, 4-dihydropyrimidine-2-(1H)-
-thione. Res J Chem Environ. 2018;22(11):73-88.

7.	 Joseph L, George M. Evaluation of in vivo and in vitro an-
ti-inflammatory activity of novel isoxazole series. Eur Int J 
Sci Technol. 2016;5(3):35-42.

8.	 Mączyński M, Artym J, Kocięba M, Kochanowska I, 
Ryng S, Zimecki M. Anti-inflammatory properties of 
an isoxazole derivative - MZO-2. Pharmacol Reports. 
2016;68(5):894-902. doi: 10.1016/j.pharep.2016.04.017

9.	 Huang X, Dong S, Liu H, et al. Design, Synthesis, and 
Evaluation of Novel Benzo [d] isoxazole Derivatives as 
Anticonvulsants by Selectively Blocking the Voltage-
-Gated Sodium ChannelNaV1.1. ACSChemNeurosci. 
2022;13(6):834-845.doi: 10.1021/acschemneuro.1c00846

10.	 Hawash M, Jaradat N, Abualhasan M, et al. Evaluation of 
cytotoxic, COX inhibitory, and antimicrobial activities of 
novel isoxazole-carboxamide derivatives. Lett Drug Des 
Discov. 2023;20(12):1994-2002. doi: 10.2174/1570180819
666220819151002

11.	 Pir M, Agirbas H, Budak F, Sahin O. Synthesis, characte-
rization, antimicrobial activity, and QSAR studies of some 
new 6-substituted phenyl 3-(4-chlorophenyl)-3a,4,8,8a-te-
trahydro-[1,3,2]dioxaborepino [5,6-d]isoxazoles. Heteroat 
Chem. 2017;28(2):1-12. doi: 10.1002/hc.21363

12.	 Saravanan G, Alagarsamy V, Dineshkumar P. Synthesis, 
analgesic, anti-inflammatory and in vitro antimicrobial 
activities of some novel isoxazole coupled quinazolin-4 
(3 H)-one derivatives. Arch Pharm Res. 2021;44:1-11. doi: 
10.1007/s12272-013-0262-8

13.	 Shahinshavali S, Sreenivasulu R, Guttikonda VR, Kolli D, 
Rao MVB. Synthesis and Anticancer Activity of Amide 
Derivatives of 1,2-Isoxazole Combined 1,2,4-Thiadiazo-
le. Russ J Gen Chem. 2019;89(2):324-329. doi: 10.1134/
S1070363219020257

14.	 Burra S, Voora V, Rao CP, Vijay Kumar P, Kancha RK, 
David Krupadanam GL. Synthesis of novel forskolin iso-
xazole derivatives with potent anti-cancer activity aga-
inst breast cancer cell lines. Bioorganic Med Chem Lett. 
2017;27(18):4314-4318. doi: 10.1016/j.bmcl.2017.08.033

15.	 Hawash M. Recent advances of tubulin inhibitors targe-
ting the colchicine binding site for cancer therapy. Biomo-
lecules. 2022;12(12):1843. doi: 10.3390/biom12121843

16.	 Hawash M, Jaradat N, Eid AM, et al. Synthesis of novel 
isoxazole–carboxamide derivatives as promising agents 
for melanoma and targeted nano-emulgel conjugate for 
improved cellular permeability. BMC Chem. 2022;16(1):1-
12. doi: 10.1186/s13065-022-00839-5

17.	 Shaik A, Bhandare RR, Palleapati K, Nissankararao S, 
Kancharlapalli V, Shaik S. Antimicrobial, antioxidant, and 
anticancer activities of some novel isoxazole ring conta-
ining chalcone and dihydropyrazole derivatives. Molecu-
les. 2020;25(5):1047. doi: 10.3390/molecules25051047

18.	 Chithra VS, Reji TF, Brindha J. Synthesis and Structure-
-Activity Relationship Study of Novel Isoxazole deri-
vatives as Promising Antioxidants. Asian J Res Chem. 
2018;11(1):65-68. doi: 10.5958/0974-4150.2018.00014.7

19.	 Ketan V, Pooja S, Purti M, Anshul B. Antituberculosis ac-
tivity of pyrazoles. Res J Chem Environ. 2022;26(10):184-
198. doi: 10.25303/2610rjce1840198

20.	 Abdul Manan MAF, Cordes DB, Slawin AMZ, et al. The 
Synthesis and Evaluation of Fluoro-, Trifluoromethyl-, 
and Iodomuscimols as GABA Agonists. Chem - A Eur J. 
2017;23(45):10848-10852. doi: 10.1002/chem.201701443.

21.	 Rahman MU, Rathore A, Siddiqui AA, Parveen G, Shahar 
Yar M. Synthesis and antihypertensive screening of new 
derivatives of quinazolines linked with isoxazole. Biomed 
Res Int. 2014;2014. doi: 10.1155/2014/739056.

22.	 Agrawal N, Mishra P. Synthesis, monoamine oxida-
se inhibitory activity and computational study of novel 
isoxazole derivatives as potential antiparkinson agents. 
Comput Biol Chem. 2019;79:63-72. doi: 10.1016/j.comp-
biolchem.2019.01.012. 

23.	 Pedada SR, Yarla NS, Tambade PJ, et al. Synthesis of new 
secretory phospholipase A2-inhibitory indole containing 
isoxazole derivatives as anti-inflammatory and anticancer 
agents. Eur J Med Chem. 2016;112:289-297. doi: 10.1016/j.
ejmech.2016.02.025.

24.	 Aggarwal R, Bansal A, Mittal A. Synthesis and an-
timicrobial activity of 3-(2-thienyl)-4-arylazo-
-5-hydroxy- 5-trifluoromethyl-Δ2-isoxazolines and 
3-(2-thienyl)-4-arylazo- 5-trifluoromethylisoxazoles. J 
Fluor Chem. 2013;145(2010):95-101. doi: 10.1016/j.jflu-
chem.2012.10.005.

25.	 Kryštof V, Cankař P, Fryšová I, et al. 4-Arylazo-3 , 5-dia-
mino-1 H -pyrazole CDK Inhibitors : SAR Study , Crystal 
Structure in Complex. J Med Chem. 2006;49(22):6500-
6509. doi: 10.1021/jm0605740.

26.	 Perez C. Antibiotic assay by agar-well diffusion method. 
Acta Biol Med Exp. 1990;15:113-115.

27.	 Garcia EJ, Oldoni TLC, Alencar SM de, Reis A, Loguer-
cio AD, Grande RHM. Antioxidant activity by DPPH 
assay of potential solutions to be applied on bleached 
teeth. Braz Dent J. 2012;23:22-27. doi: 10.1590/S0103-
64402012000100004.



387Synthesis, characterization of isoxazole derivatives and evaluation of their antibacterial, antioxidant and anticancer activity

28.	 Arya GC, Kaur K, Jaitak V. Isoxazole derivatives as an-
ticancer agent: A review on synthetic strategies, me-
chanism of action and SAR studies. Eur J Med Chem. 
2021;221:113511. doi: 10.1016/j.ejmech.2021.113511. 

29.	 Hawash M, Jaradat N, Bawwab N, Salem K, Arafat H. 
Design, synthesis, and biological evaluation of phenyl - 
isoxazole - carboxamide derivatives as anticancer agents. 
Heterocyclic Communications. 2021:133-141. doi: 10.1515/
hc-2020-0134

30.	 Hawash M, Kahraman DC, Ergun SG, Cetin-Atalay R, 
Baytas SN. Synthesis of novel indole-isoxazole hybrids 
and evaluation of their cytotoxic activities on hepatocellu-
lar carcinoma cell lines. BMC Chem. 2021;15(1):1-14. doi: 
10.1186/s13065-021-00793-8



388 European Journal of Clinical and Experimental Medicine 2024; 22 (2): 388–395

This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY 4.0) license.

http://www.ejcem.ur.edu.pl
European Journal of Clinical and Experimental Medicine 

Eur J Clin Exp Med 2024; 22 (2): 388–395

Knowledge of esophageal cancer and preventive behaviors among 
nursing students – a cross-sectional study

Ayfer Bayindir Cevik  1, Işıl Işık Andsoy  2, Hicran Yıldız  3

1 Department of Nursing, Health Science Faculty, Bartin University, Bartin, Türkiye
2 Department of Nursing, Health Science Faculty, Karabük, University, Karabük, Türkiye

3 Department of Nursing, Health Science Faculty, Uludag University, Bursa, Türkiye

ABSTRACT
Introduction and aim. There is a gap in nursing student understanding, knowledge, and preventive behaviors concerning 
esophageal cancer. This study aimed to investigate knowledge, risk factors, and preventive behaviors among Turkish nursing 
students. 
Material and methods. A descriptive cross-sectional survey was performed. The questionnaire was conducted online over a 
four-month period. A convenience sample of 688 undergraduate nursing students was recruited from health science faculty at 
three universities in Türkiye. The survey was performed using a self-administered questionnaire. The reliability coefficients of 
the knowledge test were calculated, yielding Cronbach’s alpha (0.952), KR-20 (0.952), and KR-21 (0.945), respectively. A signifi-
cance level p<0.05 was accepted.
Results. The mean age of the study group was 20±1.86 (min: 17, max: 32). The study group consists of 487 women (70.8%) and 
201 men (29.2%). Most of the study population report never using alcohol and smoking (88.4%, 73.1%, respectively), and re-
ported paying attention to oral hygiene (88.5%). Nursing students had a low family history of EC (0.4%), obesity (10.2%), and vi-
tamin deficiency (19.2%) which are risk factors. Knowledge of esophageal cancer risks was low (x̄=14.34±9.53; Min=0; Max=31). 
Total knowledge scores have higher for students with complaints of EC, vitamin deficiency, and diagnosis of Human Papilloma 
Virus disease (p<0.05). 
Conclusion. This study showed that there are significant gaps in the knowledge of nursing students and these need to be ad-
dressed through an improved nursing curriculum. In this context, the study can be used as important evidence and a resource 
in the issues that should be given priority to in the training and research needed to increase the knowledge and awareness of 
future nurses about esophageal cancer.
Keywords. esophageal cancer, esophageal cancer knowledge, esophageal cancer preventive behaviors, nursing students
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Introduction   
Esophageal cancer (EC) is the eighth most commonly 
diagnosed type of cancer. It is responsible for 5.5% of 
cancer-related mortality, and the five-year survival rate 
is less than 20%.1-3 There has been a marked and steady 
increase in the incidence of EC in the Western world.1  

Esophageal cancer makes up about 1% of all cancers di-
agnosed in the United States, but it is much more com-
mon in some other parts of the world, such as Iran, 
northern China, India, and southern Africa.4 Accord-
ing to the cancer data from the Ministry of Health, EC 
is among the top 10 cancers in the Turkish community. 
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Disease morbidity and mortality rate (3.8%, and 2.1% 
respectively) in Turkish society have been determined 
to be much lower than expected, which is attributed to 
the underreporting of cancer statistics in Türkiye.5

Evidence suggests some potential risk factors for 
EC, although the principal risk factors and etiology are 
not fully understood.3 However, some risks such as male 
sex, family history, advanced age, low socioeconom-
ic status in addition to Helicobacter pylori (HP), diseas-
es such as gastroesophageal reflux, Barrett’s esophagus 
(BE), head and neck cancer, scleroderma and hyperten-
sion and lifestyle habits such as smoking, alcohol use, 
unhealthy habits, and nutrition-related risks factors are 
known.2,6-8 Current studies suggest that smoking and 
drinking, use of hot beverages and low intake of fruits 
and vegetables may contribute to a high incidence of 
EC.7-10 Additionally, long-term use of proton pump in-
hibitors (7-10 times) and aspirin use (13%) increase the 
risk of EC.9,11

Knowing the epidemiology, risks, screening meth-
ods, signs, and symptoms of EC is the cornerstone for 
developing a prevention strategy. Dysphagia, weight 
loss, unexplained abdominal discomfort, and stool 
changes are common symptoms of EC.2 Chemothera-
py, radiotherapy, and surgery are the methods used for 
treatment. Furthermore, only 20-30% of patients are el-
igible for curative surgery at diagnosis.12 Many treat-
ments, including targeted therapy and immunotherapy 
do not provide satisfactory survival advantages as in 
other cancer populations.2 Additionally, the recurrence 
rate after all treatments is quite high. Therefore, preven-
tive initiatives are vital.13 In the prevention of EC, avoid-
ing risk factors and adopting a healthy lifestyle is the 
most important point.14 

Esophageal cancer is a type of cancer in which the 
least information is known about risk factors, symp-
toms, diagnosis, and treatment among cancer types by 
the public.12,13 Nurses play a vital role in educating and 
giving care needed to cope with the late and long-term 
consequences of cancer diseases.15 In this framework, 
nurses have a great responsibility to raise public aware-
ness about EC and creating action groups.16 Due to their 
profession, nurses take responsibility for early diagnosis, 
prevention, and screening programs for cancer.  Student 
nurses can inform patients about risk factors, preven-
tion methods, and prevention programs to healthy in-
dividuals, and direct risky individuals to screening 
programs. In screening programs, they can undertake 
behaviors such as participating in screening tests with 
nurses and communicating the results to individuals.  
They can also provide education and counseling on life-
style changes and regular health checks. In individuals 
with cancer, they can play a role as an assistant in diag-
nosis, treatment, and care processes. Therefore, it is im-
portant that nursing students, who can play a key role 

in these programs in the future, have the right knowl-
edge and positive behaviors regarding cancer. Addition-
ally, although there are some studies on the risk factors 
of EC, as far as we know, no study has evaluated nurs-
ing student knowledge about EC risk factors, diagnosis, 
symptoms, and treatment.3,6

Aim
This study aimed to determine preventive behaviors, 
risks, and knowledge of EC among nursing students. 

Material and methods
Ethics approval
The institutional permits and approval from the Univer-
sity Ethics Committee (Decision Number: 2021-SBB-
0320) were obtained before the study. All participants 
gave written consent. The participants were told that 
they were not obligated to participate in the study and 
had the right to withdraw from the study. Question-
naires were anonymous, and data remained confidential 
throughout the study.

Study participants
This descriptive, cross-sectional study was conducted 
with nursing students from three health schools in the 
West Black Sea area in Türkiye. There were 1517 stu-
dents in three schools. The margin of error (d) was de-
termined as 5%, confidence level 95%, and response rate 
50%, and the sample number was 307 with the Raosoft 
Sample Calculator.17 The inclusion and exclusion crite-
ria are as follows: Inclusion Criteria: being 18 years of 
age and over, and registered in the 2022 academic year. 
Exclusion Criteria were being under 18 years of age. All 
1517 students who met the inclusion criteria were en-
rolled, and the study was completed with 688 students 
who agreed to participate in the study.

Data collection
This study was conducted between February and May 
2022. The questionnaire was prepared by researchers 
based on the literature. A pilot test was conducted with 
10 nursing students from each school to eliminate bias, 
validate the questionnaire, and assess and administer 
the survey. Minor revisions were made after the pilot 
testing by the researchers. Completion of the question-
naire took an average of 15 minutes. The questionnaires 
were filled out, via the Google Forms link. The research-
ers stayed with students while they completed the ques-
tionnaire in the classroom. There were no missing data 
in the completed questionnaire.

Study tools and scoring systems
The questionnaire consisted of three parts with a total 
of fifty-three items. Part 1 consisted of 8 items on so-
cio-demographic data (e.g., age, gender, class, income 



390 European Journal of Clinical and Experimental Medicine 2024; 22 (2): 388–395

status, education about EC, and educational resources). 
Part 2 consisted of 14 items to evaluate nursing student 
knowledge about preventive behaviors (harmful behav-
ior in nutrition, unhealthy habits such as alcohol use, 
smoking, and lack of exercise) and risks (family history 
of EC, Barrett’s esophagus, high body mass index, head/
neck surgery cancer, HP, HPV virus, vitamin deficien-
cies such as A, B, C, E, Folic acid) for EC. The questions 
were multiple-choice and closed-ended questions. Part 
3 consisted of 31 items (socio-demographic risk fac-
tors (4 items) and diseases associated with EC (6 items), 
risks associated with health habits (7 items), risks relat-
ed to nutrition (7 items), and symptoms, diagnosis, and 
treatment (7 items)) used to determine nursing student’ 
knowledge about EC. 

Scores from the knowledge test range from 0 to 31, 
“1” was given to the true answer, “0” to the false answer 
and “0” to the “I have no idea” answer. The number of 
correct answers was divided by the number  of ques-
tions, their percentages were calculated and a knowl-
edge index was obtained. In addition, the total number 
of items of each dimension of the Esophageal Cancer 
Risk Knowledge Test was averaged and used in statis-
tical analyses. Since the answers to the questions were 
“1” true and “0” false, internal consistency was calculat-
ed by Cronbach alpha and the Kuder-Richardson meth-
ods (KR-20, and 21). The Cronbach α-values were found 
to be 0.738, 0.814, 0.883, 0.873, and 0.858, respectively 
with total reliability Cronbach alpha (0.952). Addition-
ally, psychometric and validity studies were not con-
ducted. Reliability coefficients for the knowledge test 
were KR-20, and 21 (0.952, 0.945; respectively), and 
found to be high.18,19

Statistical analysis
Data were analyzed using SPSS V.25.0 (IBM, Armonk, 
New York, USA). Categorical variables were present-
ed as frequencies, percentages, means and standard de-
viations. Reliability coefficients for the knowledge test 
were Cronbach’s alpha and KR-20, 21. Data distribution 
was evaluated using the Kurtosis, Skewness, and Shap-
iro-Wilks Test. A t-test was used to examine differences 
in knowledge score levels according to the descriptive 
characteristics of the students. Statistical significance 
was set at p<0.05.

Results
The mean age of the study group was 20±1.86 (min: 
17, max: 32). The study group consists of 487 women 
(70.8%) and 201 men (29.2%). Table 1 shows nursing 
student preventive behaviors against EC in the study of 
688 participants. About half of students (44.3%) report-
ed eating a diet rich in fresh fruit/vegetables at least 3 
days a week, rarely consuming meat (70.9%), never us-
ing alcohol (88.4%), and never smoking (73.1%), and 

paying attention to oral hygiene (88.5%). More than half 
of the students consumed very hot beverages (58.4%) 
and cold beverages (71.5%), did not use protective drugs 
(70.6%), and never used aspirin (82.8%). 

Table 1. Preventive behaviors of nursing students
Yes

n (%)
Rare
n (%)

None
n (%)

Nutrition rich in fresh fruits/vegetables at least three 
days a week

305 (44.3) 343 (49.9) 40 (5.8)

Frequent consumption of highly salted and spicy foods 204 (29.7) 361 (52.5) 123 (17.9)

Consuming meat too frequent and in enormous 
amounts

78 (11.3) 488 (70.9) 122 (17.7)

Drinking more than four glasses of alcohol a day 9 (1.3) 71 (10.3) 608 (88.4)

Smoking 110 (16) 75 (10.9) 503 (73.1)

Regular exercise (30 minutes, three days a week at least) 132 (19.2) 394 (57.3) 162 (23.5)

Taking care of oral hygiene 609 (88.5) 72 (10.5) 7 (1)

Frequent use of stomach protective medicines 34 (4.9) 168 (24.4) 486 (70.6)

Frequent use of aspirin 6 (0.9) 112 (16.3) 570 (82.8)

Frequent weight tracking 167 (24.3) 276 (40.1) 245 (35.6)

Extremely hot beverage consumption 199 (28.9) 402 (58.4) 87 (12.6)

Very cold beverage consumption 116 (0.9) 492 (71.5) 80 (11.6)

Using drugs (such as opium) 6 (0.9) 17 (2.5) 665 (96.7)

Nutrition with foods rich in vitamins A, B, C, E, and 
folic acid

244 (35.5) 409 (59.4) 35 (5.1)

Table 2 reports nursing students’ risky conditions 
related to EC. Obesity (10.2%) and vitamin deficiency 
(A, C, E, and folate) (19.2%) were found to be the riski-
est conditions for nursing students.

Table 2. Risky conditions related to EC of nursing students*

Risky conditions
In the past 

(n%)
Current 

(n%)
Never happened 

(n%)

Gastroesophageal reflux disease 54 (7.8) 63 (9.2) 571 (83)

Esophageal complaints 12 (1.7) 11 (1.6) 665 (96.7)

Obesity 65 (9.4) 70 (10.2) 553 (80.4)

Family history of EC 10 (1.5) 3 (0.4) 675 (98.1)

Family history of having head neck cancer 6 (0.9) 5 (0.7) 677 (98.4)

Diagnosis of HP in the stomach 42 (6.1) 10 (1.5) 636 (92.4)

HPV infection (such as herpes) 312 (45.3) 19 (2.8) 357 (51.9)

Vitamin deficiency (such as A, C, E, and 
folate)

242 (35.2) 132 (19.2) 314 (45.6)

* EC – esophageal cancer, HP – H. pylori, HPV – human 
papilloma virus

Table 3 shows the nursing students’ correct answers 
to the statements on EC. Nursing students mostly re-
ported a low socioeconomic status (52.5%), long-term 
reflux complaints (66.7%), alcohol use (69.6%), and 
consumption of very cold and hot beverages (58.9%) as 
causing EC. Additionally, difficulty swallowing (56.7%) 
was given mostly as a symptom of EC.

Table 4 shows the scores on the EC knowledge ques-
tionnaire and its sub-dimensions.  Nursing students in 
the study had a low level of knowledge, scoring an av-
erage of 14.34±9.53 (range 0–31) on the questionnaire.
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Table 3. Descriptive analysis of knowledge about EC of 
nursing students

True n (%)

Non-modifiable risk factors

Sociodemographic risks

EC is more common at advanced ages 272 (39.5)

EC is more common in men 207 (30.1)

Low socioeconomic status increases the risk of EC 361 (52.5)

People with a family history of EC may develop EC 357 (51.9)

Modifiable Risk Factors

Diseases associated with EC

Diseases that cause enlargement of the esophagus, such as achalasia, 
predisposed to cancer

372 (54.1)

Long-standing reflux can damage the esophagus and increase the risk of 
cancer

459 (66.7)

The risk of developing EC is higher in scleroderma (hardening of the skin) 
disease

179 (26)

Hypertension increases the risk of EC 163 (23.7)

EC is more common in people who had head and neck cancer in the past 242 (35.2)

H. pylori microbe increases the risk of EC 347 (50.4)

Harmful Habits

Long-term alcohol use may increase the risk of EC 447 (65)

Long-term and excessive smoking increases the risk of developing EC 479 (69.6)

Regular exercise may help reduce the risk of EC 413 (60)

Poor oral hygiene paves the way for the development of EC 461 (67)

The use of some medications like opium increases the risk of EC 402 (58.4)

Frequent use of some stomach protective drugs (proton pump inhibitors) 
may increase the risk of EC

317 (46.1)

Long-term and frequent use of aspirin may increase the risk of EC 304 (44.2)

Nutrition 
Consuming hot and cold beverages increases the risk of EC 405 (58.9)

A diet poor in fresh fruits and vegetables increases the risk of EC 294 (42.7)

Less meat consumption reduces the risk of EC 154 (22.4)

Eating too much red meat and processed foods such as sausages, 
hamburgers, and ham can increase the risk of EC

336 (48.8)

Consuming high salty and spicy foods may increase the risk of EC 394 (57.3)

Obesity increases the risk of EC 383 (55.7)

A, B, C, E, and folic acid’s poor diet increases the risk of EC 340 (49.4)

Symptoms, diagnosis, and treatment

Weight loss is one of the common symptoms of EC 249 (36.2)

Black or tar-colored stool is one of the symptoms seen in EC 233 (33.9)

Difficulty in swallowing and pain during feeding are common early 
symptoms of EC

390 (56.7)

Complaints such as unexplained discomfort and bloating in the abdomen 
are among the symptoms seen in EC

274 (39.8)

Changes in defecation habits are common in EC 243 (35.3)

Surgery is the most used treatment method in the initial period of EC 165 (24)

Chemotherapy is the most used treatment method in the late period 225 (32.7)

* EC – esophageal cancer

Table 4. Esophageal cancer risk knowledge scores
Mean±SD Min–Max

EC risk knowledge total score 14.34±9.53 0–31

Sociodemographic risks 1.74±1.45 0–4

Diseases associated with EC risks 2.56±2.02 0–6

Harmful habits risks 4.10±2.59 0–7

Nutritional risks 3.35±2.56 0–7

Symptoms, diagnosis, and treatment score 2.58±2.43 0–7

Table 5 presents the differentiation of EC Risk 
knowledge scores. Nursing students without esopha-
geal complaints had higher demographic information 
(p=0.042), related diseases (p=0.017), and harmful hab-
its (p=0.046) knowledge scores than those with esoph-
ageal complaints. Those with EC in the past or now in 
their family and who were diagnosed with HP had more 
information about the symptoms, diagnosis, and treat-
ment of the disease than those who do not (p=0.035 
and p=0.01, respectively). The knowledge of esopha-
geal cancer was higher in those with HPV diagnosis in 
the past or present than in those who have never had it 
(p=0.001). The EC knowledge scores of those who have 
had or have a vitamin deficiency problem in the past or 
now were higher than those who did not (p=0.028).

Discussion
This study assessed nursing student preventive behav-
iors, risks, and knowledge of EC. Additionally, the dif-
ferentiation between risk and knowledge scores was 
evaluated. We found that most nursing students have 
preventive behaviors, very few had risks, and their level 
of knowledge about EC was low.

Esophageal cancer is a crucial health issue with high 
mortality due to the advanced character of the disease; 
thus, detection at an early stage of diagnosis improves 
treatment success and preventive behaviors.20 The litera-
ture reported that EC risk factors in Eastern and Western 
societies, such as age, gender, race, alcohol consumption, 
smoking, poor oral hygiene, and gastroesophageal re-
flux disease.21 Additionally, Barrett’s esophagus, low fruit/
vegetable consumption, high meat intake, family histo-
ry, head /neck cancer, diseases causing motor disorders 
of the esophagus (scleroderma, achalasia), and high-tem-
perature beverage intake EC have been reported as most 
essential predominant risk factors.22,23 Overall, most of 
the nursing students in our study had inadequate pre-
ventive behaviors against EC. Nursing students had not 
performed fully desirable behaviors such as consuming 
meat, never consuming alcohol, never smoking, paying 
attention to oral hygiene, not using stomach protective 
drugs, not taking aspirin, and consuming fresh fruit/veg-
etables (at least 3 days a week). In addition, they had un-
desirable behaviors like consuming very hot and cold 
beverages, and don’t exercise regularly.

Recurrent long-term reflux complaints are the most 
important risk factors for the development of Barrett’s 
and EC. In addition, some studies have indicated that 
obesity reflux complaints pose a risk for EC in individu-
als over the age of 20 years. On the other hand, deficient 
nutrition in terms of A, C, E, and folate also increases 
the risk of EC.15,24 In this study, a few students also had 
risky conditions related to EC including gastroesoph-
ageal reflux complaints, obesity, and vitamin deficien-
cy (vitamin C, E, and folate). It is important to correct 
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these unwanted health habits of students.  Nursing stu-
dents should be increases of  aware unhealthy behaviors 
that cause EC cancer. 

Although nursing students demonstrated a pro-
found understanding of the adverse effects of deleteri-
ous behaviors on EC, their familiarity with EC-related 
diseases, symptoms, diagnoses, and treatments was no-
tably deficient. The scholarly literature underscores to-
bacco smoking and excessive alcohol consumption as 
the primary risk factors contributing to the develop-
ment of EC.22,23 Since, smoking, alcohol consumption, 

and lack of exercise are reasons for all types of cancer, 
approximately two-thirds of the students also know the 
relationship between these factors and EC. The litera-
ture reports that lower socioeconomic status is associ-
ated with a lower sanitation standard, dietary habits, a 
poorer lifestyle, and a higher degree of carcinogen expo-
sure.24,25 Additionally, it was shown that Barrett’s esoph-
agus increases the risk of development of EC (OR 3.0 
and 6.4 respectively).25 Furthermore, poor oral hygiene, 
consumption of extremely hot beverages, and high salty 
and spicy food are reported to increase the risk of Bar-

Table 5. Differentiation of EC knowledge score by risky conditions*

Characteristics n
EC risk knowledge 

total score
Demographic risks 
knowledge score

Diseases-owned 
knowledge score

Harmful habits 
knowledge score

Nutrition-associated risk 
factors knowledge score

Symptoms, diagnosis, and 
treatment knowledge score

Gastroesophageal reflux disease Mean±SD Mean±SD Mean±SD Mean±SD Mean±SD Mean±SD

Present or past 117 15.103±9.652 1.880±1.549 2.598±1.992 4.103±2.601 3.727±2.589 2.795±2.561

Never happened 571 14.186±9.514 1.711±1.440 2.553±2.039 4.103±2.598 3.275±2.555 2.543±2.41

t 0.947 1.144 0.218 -0.003 1.738 1.019

p 0.344 0.253 0.828 0.998 0.083 0.309

Esophageal complaints 

Present or past 23 10.609±9.423 1.130±1.392 1.565±1.727 3.044±2.755 2.435±2.727 2.435±2.465

Never happened 665 14.471±9.522 1.761±1.458 2.596±2.031 4.140±2.585 3.384±2.555 2.591±2.437

t -1.913 -2.042 -2.402 -1.995 -1.747 -0.302

p 0.056 0.042 0.017 0.046 0.081 0.763

Obesity

Present or past 135 14.126±9.534 1.756±1.438 2.482±1.988 4.059±2.515 3.311±2.616 2.519±2.428

Never happened 553 14.394±9.545 1.736±1.465 2.581±2.041 4.114±2.618 3.362±2.554 2.602±2.441

t -0.293 0.140 -0.508 -0.219 -0.205 -0.357

p 0.770 0.889 0.612 0.827 0.837 0.721

Family history of EC

Present or past 13 17.923±7.533 2.308±1.377 2.923±1.706 4.539±2.106 4.154±2.410 4.000±2.236

Never happened 675 14.273±9.563 1.729±1.459 2.554±2.036 4.095±2.606 3.336±2.566 2.559±2.434

t 1.368 1.418 0.649 0.610 1.139 2.118

p 0.172 0.157 0.516 0.542 0.255 0.035

Family history of head neck cancer

Present or past 11 11.364±7.788 1.455±1.440 2.000±1.789 2.818±2.483 2.546±2.464 2.546±2.162

Never happened 677 14.390±9.560 1.745±1.460 2.570±2.033 4.124±2.595 3.365±2.565 2.586±2.442

t -1.044 -0.653 -0.924 -1.657 -1.051 -0.055

p 0.297 0.514 0.356 0.098 0.293 0.956

Diagnosis of HP in stomach Ort ± SS Ort ± SS Ort ± SS Ort ± SS Ort ± SS Ort ± SS

Present or past 52 15.577±9.477 1.827±1.451 2.519±1.925 3.942±2.570 3.865±2.536 3.423±2.652

Never happened 636 14.241±9.542 1.733±1.461 2.565±2.039 4.116±2.600 3.310±2.564 2.517±2.408

t 0.971 0.447 -0.154 -0.464 1.504 2.588

p 0.332 0.655 0.877 0.642 0.133 0.01

HPV infection (such as herpes)

Present or past 331 15.625±9.173 1.837±1.445 2.776±1.978 4.423±2.495 3.701±2.474 2.888±2.445

Never happened 357 13.151±9.725 1.650±1.468 2.361±2.058 3.807±2.656 3.028±2.607 2.305±2.398

t 3.426 1.682 2.693 3.130 3.467 3.155

p 0.001 0.093 0.007 0.002 0.001 0.002

Vitamin deficiency (Such as A, C, E, 
and folate)

Present or past 374 15.075±9.277 1.818±1.399 2.754±1.996 4.297±2.522 3.524±2.505 2.682±2.431

Never happened 314 13.468±9.781 1.647±1.525 2.331±2.049 3.873±2.669 3.147±2.622 2.471±2.442

t 2.207 1.539 2.735 2.140 1.928 1.129

p 0.028 0.127 0.006 0.034             0.054 0.259

* t – independent groups t-test, EC – esophageal cancer, HP – H. pylori, HPV – human papilloma virus
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rett’s esophagus, thus increasing the risk of EC.22,25 Eso-
phegeal cancer has frequently been observed in some 
parts of Türkiye due to traditional hot tea consump-
tion culturally. However, reliable incidence data for EC 
are lacking due to insufficient cancer reporting in Tür-
kiye.25 In this study, about half of the students had not 
responded correctly when asked whether low socioeco-
nomic status, excessive alcohol use, long-term reflux 
complaints, and consumption of cold and hot beverag-
es may increase EC risk. Some nursing students are also 
aware of the most well-known risk factors for EC. Addi-
tionally, students have insufficient knowledge about the 
diseases and drugs that EC may be associated with. It 
has been reported that diseases such as reflux, HP, acha-
lasia, Barrett’s esophagus, scleroderma, head and neck 
cancers, and hypertension cause EC.7,21,25 Not surpris-
ingly, reflux, HP, achalasia, and Barrett’s esophagus are 
the most well-known causes and diseases among nurs-
ing students. Similarly, in a study conducted with nurs-
es, it was found that nurses were most familiar with 
reflux and HP.26 Although there are different views in 
the literature regarding the risk of EC development with 
long-term use of opium, proton pump inhibitors, and 
aspirin, some studies have reported that aspirin and 
proton pump inhibitors increase the risk of EC in recent 
years.3,9,10,27 Therefore, as expected, the knowledge level 
of our working group on this topic is low. 

In the literature, complaints such as dysphagia, GI 
bleeding, persistent vomiting, and weight loss are de-
fined as alarm symptoms in the recognition of a signifi-
cant number of gastrointestinal cancers.28,29 In this study, 
one-third of the nursing student knew the alarm symp-
toms required for the diagnosis for EC. This suggests that 
awareness of common risk factors in Türkiye are not well 
understood by nursing students. Awareness and adequate 
knowledge of risk factors are substantial issues in the early 
detection and successful treatment of EC. Nursing schools 
play a key role, and health education is an indispensable 
part of a comprehensive program. Moreover, nursing stu-
dents might be responsible for the care multiple patients 
with diverse needs, interact with many healthcare team 
members, and connecting with the extended network of 
family and close associates of their patients.30 Addition-
ally, nurses roles have evolved over time to encompass 
health promotion, disease management, and disease pre-
vention.31 For this reason, Turkish nursing students must 
be qualified to provide give accurate information to their 
patients or healthy people after graduation.

The current study found that nursing students who 
had complaints related to esophageal diseases had sig-
nificantly higher knowledge scores regarding demo-
graphic risks, related diseases, and harmful habits than 
other students. Additionally, students with a family his-
tory of EC had more knowledge of symptoms, diag-
nosis, and treatment. Similarly, in a case-control study 

conducted in China, young people with a family history 
of EC had better knowledge. Having a family history of 
EC might be related to higher knowledge gained during 
their involvement in the treatment process and their in-
teraction with healthcare providers, and might promote 
awareness about EC.  In other words, exposure to high-
risk factors increases knowledge.32 

Students with HP in the stomach had higher symp-
tom, diagnosis, and treatment knowledge scores.  Ad-
ditionally, students with HPV had high knowledge of 
nutrition-associated risk factors and symptoms, diag-
nosis, and treatment. It is usual for students who have 
had reflux or HPV complaints in the past and received 
treatment to know symptoms, diagnosis, and treatment. 
Students can also use internet resources to obtain de-
tailed information about their diseases such as HPV or 
reflux. They may have read that they are at risk for EC, 
which may have prompted them to learn more about 
the disease. Only one study reported that Turkish nurs-
es have a moderate level of knowledge about diagno-
sis and screening of esophageal cancer, and a low level 
of knowledge about treatment.33 On the other hand, no 
studies have evaluated the esophageal cancer knowl-
edge of nursing students in Türkiye and other countries. 
These results highlight the importance of increasing 
awareness through nursing education, particularly re-
garding the prevention and health promotion of EC.

Furthermore, the literature reported that nursing 
student preventive health behaviors, knowledge, and 
optimistic attitudes are effective for national cancer pre-
vention practices.16 Nurses, one of the largest groups 
of health professionals, have responsibilities to identi-
fy risk groups, promote healthy lifestyles, prevent com-
plications, and improve positive outcomes in health 
care through education and counseling in community 
health.21 Additionally, previous studies have shown that 
supportive care, and consulting interviews could be ef-
fective in improving patient quality of life with EC.34,35 
In this context, developing preventive behaviors and 
knowledge for nursing students may provide several 
benefits to both them and the community. Nursing stu-
dents may give provide training, plan comprehensive 
care, and contribute to health policies regarding EC. In 
line with this, in the future, nurses may contribute to the 
national prevention of EC. Furthermore, if the relation-
ship between healthy behaviors and the prevention of 
EC in nursing is better understood, nurse educators and 
researchers could study ways to create awareness of the 
prevention of EC and improve nursing student knowl-
edge. This result reflects the need to develop interven-
tion guidelines to enhance student EC knowledge.

Study limitations
This study has potential limitations and strengths. First-
ly, data are subjective, as they are based on student 
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self-reporting. Second, data were obtained from partic-
ipants in three regions of Türkiye, therefore it cannot 
be generalized to other areas of the country. Third, the 
lack of information in the literature on the knowledge 
levels of nursing students on EC may have limited the 
discussion of the study findings in a broad way. There is 
also a lack of standardized, and validated questionnaires 
to compare results from different populations. On the 
other hand, the current study is the first comprehensive 
study to evaluate nursing student knowledge and pre-
ventive behaviors toward EC in literature. This is also 
a strength of the study as it brings new outputs to the 
literature. In this context, this study fills a gap in liter-
ature. Secondly, the strength of this study is that it was 
conducted in schools in three different cities of Türkiye, 
it has an appropriate sampling method and large sam-
ple size. Third, the reliability (Cronbach’s alpha) of the 
knowledge test questionnaire prepared by the research-
ers was found to be high. The study was conducted with 
a measurement tool with high reliability.

Conclusion
This study indicated that nursing students had had low 
levels of knowledge about EC. In this context, the study 
can be used as important evidence and resource in de-
termining the issues that should be given priority in the 
studies planned to determine the knowledge and aware-
ness of EC that can be improved in the future. Thus, our 
study has a high potential to pave the way for new stud-
ies on education and action plans to increase the risk 
and protective behaviors of nursing students for esoph-
ageal cancer. It is essential to increase the knowledge 
and awareness of nurses who will educate the society 
about EC during their university education. In this con-
text, it is recommended to conducting action-oriented 
training to increase student EC knowledge and aware-
ness in nursing education, to include EC in their curric-
ulum extensively, and to plan experimental studies for 
future studies.
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ABSTRACT
Introduction and aim. The purpose of this study was to describe the profile of physical activity (PA) of Brazilian adults living 
with diabetes mellitus living in large Brazilian urban centers, as well as to determine whether the practice aligns with the phys-
ical activity guidelines recommended for people with diabetes.
Material and methods. Cross-sectional data were acquired from the 2020 Surveillance System for Risk and Protective Factors 
for Chronic Non-communicable Diseases, in which about 54,000 persons aged 18 and older in all Brazilian state capitals were 
contacted in a telephone survey. Participants reported on their engagement in recreational physical activity and active com-
muting to school and/or work in the three months preceding the interview, as well as the weekly frequency and duration of 
these activities. They also stated whether they were living with diabetes. A descriptive analysis was performed, and statistical 
significance was determined using Pearson’s chi-squared test.
Results. In 2020, 7.9% of the population identified themselves living with diabetes. There was a greater frequency among old-
er women and those with less education. Walking, water aerobics, and general gymnastics were the most common kinds of 
physical activity reported by people with diabetes. Moreover, over half of them (54.5%) were inactive, and 15% matched the 
physical activity criteria. The majority (90%) practiced PA for 30 minutes or more per day, while 87% of those who were active 
and exercised 1 to 2 times per week did not meet the requirements of the Ministry of Health.
Conclusion. In 2020, 7.9% of the population identified themselves as having diabetes. There was a higher frequency among 
older women and those with less schooling. In the sample as a whole, approximately 70% of people living with diabetes were 
inactive (54.5%) or did not meet the minimum BP recommendations for people with diabetes. The duration of each session 
seemed to be in line with the recommendations, however, the lack of regularity caused by the low weekly frequency meant 
that the minimum recommended target could not be achieved. Efforts involving the continued monitoring of people living 
with diabetes and counseling in Primary Health Care to opt for a more physically active life, seem to be promising acts for a 
healthier life, pending a definitive resolution to the disease.  
Keywords. diabetes mellitus, exercise, health promotion, preventive medicine, public health
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Introduction 
Diabetes mellitus (DM) is a chronic illness with numer-
ous etiologies that is defined by a rise in blood glucose 
concentrations that, over time, can harm the body, no-
tably the heart, brain, eyes, kidneys, nerves, and blood 
vessels.1 Diabetes is caused by a combination of genetic 
and environmental factors, and the risk increases with 
age, obesity, and physical inactivity.2

According to the Pan American Health Organi-
zation (PAHO) and the World Health Organization 
(WHO), diabetes will be responsible for around 333 
million deaths globally by 2025, with 284 million of 
those fatalities occurring in poorer nations.3 By 2035, 
20 million additional cases are projected in Latin Amer-
ican countries, primarily among the lower-income pop-
ulation.4 Brazil now has the fourth-largest number of 
people with diabetes in the world (9.4% of the popula-
tion) that is responsible for roughly 54,000 fatalities ev-
ery year.5

The term physical activity (PA) is a non-drug in-
tervention for the control of diabetes and associated 
complications.3 Physical activity is understood in this 
study as any physical movement produced by the skel-
etal muscles that result in an increase in energy expen-
diture beyond rest.6 However, at some points in the text, 
the term “physical exercise” may appear, as this was also 
originally used in the Vigitel questionnaire to facilitate 
communication with the respondent.

The immediate and chronic alterations in insulin ac-
tion on glucose metabolism are the most apparent effect 
of PA for people with diabetes.7-9 Colosimo et al. found 
a higher decrease in glycated hemoglobin in the ac-
tive (intervention) groups than in the control (inactive) 
groups in their systematic review and meta-analysis.10 
The American Diabetes Association and the American 
College of Sports Medicine both encourage PA to pro-
mote insulin cellular action and glucose management.11 
There is considerable evidence that greater levels of PA 
are related to a decreased risk of cardiovascular disease, 
improves self-esteem and independence, and lowers the 
probability of early all-cause mortality.12-14

The effects on insulin action in response to a sin-
gle session of moderate PA are maximal up to 24 hours 
after the PA session and gradually decrease until it ap-
proaches baseline values 72 hours later.15 The increase 
in glucose absorption by the muscles in non-diabetics is 
followed by an increase in glucose production by the liv-
er, keeping blood glucose steady. Under the same con-
ditions of exertion, the use of blood glucose by active 
muscles in people with diabetes is often greater than the 
hepatic synthesis of glucose, resulting in a reduction in 
blood glucose.15 As a result of the temporary nature of 
the alterations generated by PA in insulin activity, nu-
merous organizations throughout the world advocate 
the PA practice for adults living with diabetes.16-18 

To improve insulin cellular action, the Ameri-
can Diabetes Association and the American College of 
Sports Medicine recommend 30 minutes of moderate- 
to vigorous-intensity aerobic PA five days a week, for a 
total of 150 minutes each week. This should be carried 
out across at least three days per week, with no more 
than two consecutive days. Resistance exercises (weight 
training) of moderate to intense intensity should be 
conducted at least twice a week on non-consecutive 
days, in addition to aerobic activities.19-21 The WHO rec-
ommendations for adults (18–64 years), include strong 
recommendations based on overall moderate-certain-
ty evidence on weekly volumes of aerobic and mus-
cle-strengthening physical activity. Many of the benefits 
of physical activity are observed within average weekly 
volumes of 150–300 min of moderate intensity or 75–
150 min of vigorous intensity, or an equivalent combi-
nation.22 The Brazilian Ministry of Health adheres to 
worldwide WHO guidelines.5

This study aimed to describe the pattern of lei-
sure-time PA practice of adults with diabetic (18 years of 
age) living in the 26 Brazilian state capitals and the Fed-
eral District, served by at least one fixed telephone line, 
from the perspective that PA is a non-drug therapeu-
tic component for people with diabetes and should be 
carried out systematically to maximize results. Second, 
to ensure that the PA, organized in accordance with the 
guidelines of the Brazilian Ministry of Health.

Aim 
The purpose of this study was to describe the profile of 
PA of Brazilian adults with diabetes mellitus living in 
large Brazilian urban centers, as well as to determine 
whether the practice aligns with the PA guidelines rec-
ommended for people with diabetes.

Material and methods 
The hypothesis pursued
This study was based on the hypothesis that Brazilian 
adults living with diabetes do not meet the minimum 
recommendations for physical activity recommended 
by the World Health Organization in order to achieve 
substantial health effects.

Study design
A descriptive study was conducted using secondary 
data collected by the Surveillance of Risk and Protec-
tive Factors for Chronic Non-communicable Diseases 
by Telephone Survey (VIGITEL) system, referring to a 
cross-sectional survey conducted in the capitals of Bra-
zilian states and the Federal District, in 2020. A prior 
paper has the Vigitel methodology.23

In 2020, Vigitel set a minimum sample size of 1,000 
persons for each city to estimate the frequency of the 
key risk factors for chronic non-communicable ill-
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nesses in the adult population (≥18 years) with a 95% 
confidence coefficient and a maximum error of two 
percentage points. Sex-specific estimates using sample 
weights that proportionality the difference between the 
sexes are projected to have maximum errors of three 
percentage points.24

A telephone interviewing organization conducted the 
interviews between February and December 2016. The 
interview crew consisted of 40 interviewers, two supervi-
sors, and a coordinator; they had prior training and were 
overseen during the system’s operation by the Center for 
Epidemiological Research in Nutrition and Health at the 
University of São Paulo. An electronic questionnaire used 
to collect information about the people’s demographic, 
socioeconomic, and behavioral factors, as well as ques-
tions about the organization of leisure-time PA. Sex (fe-
male and male) and domicile by area (North, Northeast, 
Southeast, South, and Midwest) were the factors evaluat-
ed in the sample’s sociodemographic makeup.

Sampling
Vigitel’s sampling methodologies seek to acquire prob-
abilistic samples of people (≥18 years old) residing in 
homes with at least one fixed telephone line in each cap-
ital of the 26 Brazilian states and the Federal District. 
Because of the limitations presented by the Covid-19 ep-
idemic on data collecting in 2020, each city was required 
to have a minimum sample size of 1,000 people. With 
this sample, we can estimate the frequency of any risk 
or protective factor in the adult population with a 95% 
confidence level and a maximum error of three percent-
age points. Maximum errors of four percentage points 
are estimated for sex-specific estimates, assuming equal 
proportions of men and women in the sample.24

The initial stage of Vigitel’s sample involves draw-
ing at least 5,000 telephone lines in each city. This draw, 
which is systematic and stratified by postal address code, 
is made from the telephone providers’ electronic registry 
of fixed home lines. The lines drawn in each city are then 
reshuffled and divided into 200 replicas, each with the 
same proportion of lines per ZIP code as the original reg-
ister. In 2020, 183,600 phone lines were first drawn, with 
an average of 6,800 per city, divided into 34 replicates of 
200 lines each. To meet the minimal number of about 
1,000 interviews in each capital, an average of 32 replicas 
were deployed each city, ranging from 16 to 92 replicas.24

In the second step of Vigitel sampling, one adult (≥18 
years old) from the home is drawn. This stage is complet-
ed after determining whether of the lines drawn are eli-
gible for the system. Lines that relate to firms, no longer 
exist or are out of service, or do not reply to six phone at-
tempts made on various days and hours, including Sat-
urdays, Sundays, and nighttime periods, and are most 
likely associated with closed residences, are ineligible for 
the system. Vigitel called 183,600 phone lines dispersed 

in 876 replicates throughout all 26 state capitals and the 
Federal District in 2020, identifying 47,031 eligible lines.24

The following questions used to identify leisure-time 
PA practitioners: “In the last three months, have you 
practiced any type of physical exercise or sport?” With 
an affirmative response, the respondent moved on to the 
following question: “What is the main type of physical 
exercise or sport you have practiced?” The interviewer 
had to choose the first activity indicated by the respond-
er from a list of 16 alternatives.

Weekly frequency of physical activity
The number of days per week that the respondent prac-
ticed PA determined the weekly frequency of PA. The 
data was gathered by asking, “How many days a week 
do you usually practice physical exercise or sport?” The 
responses divided into four categories: every day, 5 to 6 
days, 3 to 4 days, and 1 to 2 days each week. The duration 
of each session’s effort determined by the question: “On 
the day you exercise or do sport, how long does this ac-
tivity last?” The responses divided into seven categories: 
less than 10, 10 to 19, 20 to 29, 30 to 39, 40 to 49, 50 to 59, 
and 60 minutes or more. Activities that take fewer than 10 
minutes, weren’t taken into account in the computation.20

The same criterion employed by VIGITEL in the 
2020 edition, utilized to determine the intensity of the 
endeavor25. Walking, treadmill walking, aqua aerobics, 
general gymnastics, swimming, cycling, and volleyball, 
therefore classed as moderate-intensity physical activity 
routines. Vigorous-intensity PA included jogging, tread-
mill running, weight training, aerobics, martial arts/
fighting, soccer, basketball, and tennis.

Classification of physical activity level
The participant PA levels were classified as sufficient or 
insufficient based on the target recommended by the 
Brazilian Ministry of Health for people with diabetes. 
Sufficient was defined as at least 150 minutes per week 
of aerobic or resistance exercise spread over three days 
per week and no more than two consecutive days.5 Inac-
tive during leisure time, allocated to the participant who 
did not engage in any leisure-time PA at least once per 
week for the three months preceding the survey. The no-
tion active during leisure time was allocated to the par-
ticipant who did some PA at least once a week for the 
three months preceding the survey.

We utilized the question “Has a doctor ever told you 
that you have diabetes?” to identify individuals having a 
previous medical diagnosis of DM.

Inference of estimates for the total adult population of 
each city
To extend the results to the population without a land-
line, post-stratification weights were used. Based on 
census data from the corresponding year, the “Rake” 
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technique, used to estimate the total population of each 
capital. This method uses interactive procedures that 
take into account successive comparisons between es-
timates of the distribution of each sociodemographic 
variable in the Vigitel sample and in the city’s total popu-
lation. These comparisons result in the finding of weights 
which, when applied to the Vigitel sample, equate its so-
ciodemographic distribution to the distribution esti-
mated for the city’s total population. The distribution 
of each sociodemographic variable estimated for each 
city in 2020 was obtained from projections that took 
into account the distribution of the variable in the 2000 
and 2010 Demographic Censuses and its average annu-
al variation (geometric rate) in the intercensal period.24

Physical activity and its domains
Physical activity is understood as any movement pro-
duced by the skeletal muscles that requires energy ex-
penditure greater than rest, covering various domains, 
such as leisure time activities, work and home activi-
ties and active commuting. Unlike physical exercise, PA 
does not necessarily require systematic execution.25,26

Leisure-time physical activity is recreational activ-
ity. The Vigitel survey offers a few options to choose 
from: walking, treadmill walking, weight training, aqua 
aerobics, gymnastics in general, swimming, martial arts 
and wrestling, cycling, volleyball/football, dancing, run-
ning, treadmill running, aerobics, football/futsal, bas-
ketball and tennis.

Physically active is equivalent to completing at least 
150 minutes of moderate-intensity PA per week, or 75 
minutes of vigorous-intensity physical activity per week, 
or any equivalent between them. PA lasting less than 10 
minutes was not taken into account when calculating 
the weekly sum.

Physically inactive means not practicing any physi-
cal activity in their free time, not making any significant 
physical effort at work, not actively commuting (more 
than 10 minutes per commute or 20 minutes per day) 
and not taking part in heavy household chores.

Ethical aspects
Informed consent was obtained orally when the inter-
viewees were contacted by telephone. The Vigitel proj-
ect was approved by the Ministry of Health’s National 
Research Ethics Committee for Human Beings (CAAE: 
65610017.1.0000.0008). The literature review study that 
gave rise to this article is exempt from ethical analysis, 
as determined by Resolution 510/2016 – CNS, as it deals 
with publicly accessible secondary data, under the terms 
of Law No. 12,527, of November 18, 2017.27

Statistical analysis
The prevalence of PA among patients with diabetes, as 
well as their corresponding 95% confidence intervals, 

given by individual level of PA, region, and kind of PA. 
Pearson’s chi-squared test, used to investigate poten-
tial changes in PA prevalence based on the presence or 
absence of DM. We employed a statistically significant 
difference, defined as a p-value less than 0.05. For data 
processing and statistical analysis, Stata® 11.0.

Results 
One hundred twenty seven thousand telephones lines 
were initially allocated for the 2020 Vigitel study. Fol-
lowing pre-established criteria, 77,671 suitable lines 
were calculated, of which 53,210 responded to the in-
terview, comprising 20,258 men and 32,952 women, 
showing a system success rate of 68.5% and an average 
interview time of around 11 minutes, ranging from 4 
to 59 minutes. The proportion of people with a previ-
ous medical diagnosis of diabetes ranged from 5.3% in 
Boa Vista to 10.4% in Rio de Janeiro. Diabetes was more 
common in Rio de Janeiro (12%), São Paulo (11.1%), 
and Belo Horizonte (11%) among women, and less 
common in Palmas and Manaus (5.8%) and Teresina 
(6.5%) (data not presented in tables or figures).24

The study removed 1,535 participants (2.9%) who, 
although reporting practicing PA, did not provide infor-
mation on the weekly frequency or duration of the ac-
tivity. As a result, the calculation basis included 51,675 
research participants.

Table 1. Proportional distribution of people with diabetes, 
aged ≥ 18 years, according to PA level, by sex – Vigitel, 
Brazilian state capitals and Federal District, 2020*
  PA level of people with diabetes

Total men women

%             95%CI %            95%CI %         95%CI

Inactive + Ins. active 69.5      77.2–58.2 60.9     71.9–59.2 72.8    82.1–51.5

Active 45.5      43.3–51.6 54.1     49.2–58.3 42.2    39.4–45.1

* Percentage weighted to adjust the sociodemographic 
distribution of the Vigitel sample to the distribution of the 
adult population of each city projected for 2020

Table 2. Percentage of adults living with diabetes (≥ 18 
years of age) who achieved the level of PA recommended 
by the WHO, by sex – Vigitel, Brazilian state capitals and the 
Federal District, 2020*

PA sufficient
Regions Prev men women

%     95%CI %     95%CI
North 6.1% 14.5 (12.1–16.7) 12.3 (10.1–14.2)

Northeast 8.2% 14.2 (12–15.4) 12.1 (10.3–15.6)
Center-West 8% 18.2 (14.4–20.8) 15.5 (13–18.1)

Southeast 10.1% 16.3 (14.2–18.4) 13.8 (11.6–16.9)
South 8.3% 15.3 (13.5–17.9) 13.0 (10.9–15)

* Weighted percentage to adjust the sociodemographic 
distribution of the Vigitel sample to the distribution of the 
adult population of each city projected for 2020, 95% CI – 
95% confidence interval,  Prev – prevalence of diabetes 
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People with DM were distributed unequally accord-
ing to schooling, with 74.2% (95%CI: 71.6–76.8) hav-
ing up to 8 years of schooling, 16.9% (95%CI: 14.5–18.7) 
having 9 to 11 years, and 8.9% (95%CI: 7.9–12.6) hav-
ing more than 12 years (p=0.001). Diabetes was more 
frequent in older adults in both sexes, reaching roughly 
1% of individuals aged 18 to 24 and 20% of participants 
aged 65 or older.

The categorization of the degree of PA of patients 
having a previous DM, is shown in Table 1. More over 
half of the patients (55%) were inactive in their spare 
time, and only 15% met the Ministry of Health’s recom-
mended PA threshold. Table 2 displays the percentage 
of participants who met the PA objective by area of res-
idence. Women’s PA levels were lower across the board, 
with the Northeast area outperforming the rest of the 
country. Reaching the goal was greater in the Midwest 
(18.2%; 95%CI: 14.4–20.8) and lower in the Northeast 
(14.2%; 95%CI: 12–15.4) among males. The Midwest 
area had the greatest PA goal accomplishment among 
women (15.5%; 95%CI: 13–18.1).

The primary PA reported by people with diabetes 
are shown in Table 3. Three out of every four people who 
completed the goal reported walking (74.2%; 95%CI: 
68.4–80.5). Walking was reported less often by people 
with diabetes and lower levels of PA (54.6%; 95%CI: 45–
66.1). Males were more likely to practice soccer than fe-
males.

Table 4, depicts the weekly frequency and length of 
PA sessions. PA frequency of 3 to 4 days per week, re-
ported by 44.5% (95%CI: 42.8–46). Only 1.5% of the 
most active indicated a weekly frequency of one to two 
days. On active days, more than half of people with dia-

Table 3. Percentage of people with diabetes, aged ≥ 18 years, according to the main type and level of PA reported, by sex – 
Vigitel, Brazilian state capitals and Federal District, 2020*
People living with diabetes   PA Sufficient           PA Insufficient

Modalities Total % (95%CI) M % (95%CI) W % (95%CI) Total % (95%CI) M % (95%CI) W% (95%CI)

Walking 74.2 68.4–80.5 71.6 62.2–81 76.8 69.5–83.9 54.6 45.0–66.1 49.0 31.9–68.5 60 43.9–72.7

Treadmill walking  3.2 11.8–4.6 3.7 0.2–6.6 2.7 0.8–4.5 0.8 0.005–1.4 1.3 0.2–3 0.3 0.1–0.7

Jogging 1.3 0.4–2.6 1 0.1–2 1.6 0.05–40 2.5 0.4–5.8 2.4 0.8–5.3 2.8 0.2–7.7

Treadmill jogging 0.2 0.002–0.5 0.2 01–0.5 0.3 0.07–0.8 1.2 1.0–3.2 2.7 2.4–7.1 – –

Bodybuilding 3.1 0.8–4.2 4.2 0.08–7.6 1.9 0.1–2.4 1.3 0.1–2.5 2.3 0.8–5.3 0.5 0.2–1.1

Aerobic gymnastics 1.4 0.01–2.5 2.1 0.6–4.8 0.7 0.004–1.2 0.9 0.4–1.8 1.3 1.3–3.8 0.2 0.06–0.5

Hydrogymnastics 5.1 1.9–8.4 2.2 0.9–5.1 7.9 2.3–12.4 9.1 1.7–16.3 3.5 0.1–6.5 13.1 15.8–25.9

General gymnastics 2.5 1.6–4.7 1.3 1.7–3.1 3.8 1.8–7.3 4.4 0.3–8.8 1.1 0.3–2.7 7.3 0.09–14.1

Swimming 0.7 0.05–1.8 0.9 0.5–2.1 0.6 0.4–1.2 0.9 0.004–1.6 1.2 0.6–2.8 0.5 0.05–1.3

Fights 0.1 0.01–0.1 0.5 0.2–1.3 – – 0.4 0.3–1 0.8 0.8–2.4 – –

Cycling 3.2 1.1–4.2 5.6 1.7–8.4 0.8 0.07–1.1 0.7 1.1–13.1 1.1 0.2–2.3 0.4 0.1–0.8

Football 2.7 0.08–3.1 4.8 1.6–6.9 – – 9.1 4.9–13.2 21 10.7–31.2 – –

Basketball – – – – – – – – – – – –

Volleyball 0.1 0.01–0.2 0.04 0.01–0.1 0.1 0.008–0.2 0.07 0.04–0.2 0.2 0.1–0.5 – –

Tennis – – – – – – 0.01 0.08–0.3 0.2 0.2–0.7 – –

Others 2.1 1.6–5.6 1.9 0.6–5.2 2.8 1.2–6.9 14 5.3–21.2 11 1.9–20.6 14.8 4.3–23.7

*Weighted percentage to adjust the sociodemographic distribution of the Vigitel sample to the distribution of the adult 
population of each city projected for 2020, 95%CI – 95% confidence interval

Table 4. Percentage distribution of people with diabetes  
(≥ 18 years of age), according to weekly frequency and 
daily duration of PA and level of PA (sufficient, insufficient) 
– Vigitel, Brazilian state capitals and Federal District, 2020*

General population People with diabetes
% (95%CI) % (95%CI)

PA SUFFICIENT 
Frequency (weekly)  Every day 22.8 (21.3–24.3) 25.7 (17.9–5.0)

5–6 26.9 (25.4–28.3) 35.5 (26.4–44.5)#

3–4 44.5 (42.8–46) 37.4 (28.2–46.5)#

1–2 5.8 (0.5–6.6) 1.4 (0.7–3.7)#

Duration (minutes)  <10 ––– –––
10–19   0.4 (0.1–0.6) 0.2 (0.1–0.5)
20–29   0.6 (0.1–0.9) 1.7 (0.8–2.6)#

30–39   5.1 (4.4–6.6) 6.3 (5.1–7.8)
40–49 10.9 (9.8–12.8) 13.6 (8,2–18.9)
50–59   13.5 (11.0–16.3) 17.5 (15.0–22.1)#

≥60   69.2 (68.5–71.4) 60.7 (52.7–68.3)#

PA INSUFFICIENT
Frequency (weekly)  Every day   2.4 (0.1–3.6) 3.9 (0.9–8.9)

5–6   1.7 (1.0–2.4) 4.4 (0.5–8.8)#

3–4   2.9 (2.2–3.6) 12 (4.8–19.2)#

1–2   93.0 (91.3–94.3) 79.7 (70.2–88.6)#

Duration (minutes)  <10   0.6 (0.3–0.8) 0.6 (0.1–1.1)
10–19   3.4 (4.9–8) 4.6 (5.8–23.3)
20–29   4.2 (3.4–5) 5.6 (3.7–9.5)
30–39   4,1 (3.3–5.2) 9.9 (1.2–18.5)#

40–49   8.3 (6.9–9.7) 14 (12.4–16.3)#

50–59 11.8 (10.9–14.4) 14.5 (8.6–20.4)
≥60   67.6 (64.9–70.3) 50.8 (38.8–62.6)#

* Weighted percentage to adjust the sociodemographic 
distribution of the Vigitel sample to the distribution of the 
adult population of each city projected for 2020, 95%CI – 
confidence interval,
# – statistically significant difference (Pearson chi-square test)
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betes exercised for 60 minutes or more, and three-quar-
ters exercised for 30 minutes or more every session. 
They exercised 1 to 2 days per week for 76.8% (95%CI: 
61.6–91.9) of men and 81.6% (95%CI: 70–93.2) of wom-
en with DM who did not meet the objective.

Discussion 
The purpose of this study was to describe the struc-
ture of leisure-time PA for people with diabetes and to 
see if it met the guidelines of the Brazilian Ministry of 
Health. Walking, water aerobics, and gymnastics were 
the most common forms of PA reported, with women 
outnumbering males in all places questioned. The ulti-
mate weekly amount of exercises resulted in 15% of peo-
ple with diabetes meeting their PA goal.

The rise in the prevalence of DM complications 
has an impact on health-care management, raising the 
expense of disease prevention and treatment. Health 
surveillance strategies based on the development of 
improved living behaviors are critical to disease man-
agement. In this regard, and in accordance with WHO 
worldwide recommendations, the Brazilian Ministry of 
Health revised its strategy for diabetic self-care in 2013. 

The most recent ones support the 2006 fundamen-
tal principles for practicing PA. Previously, the recom-
mendations emphasized aerobic activity with a steady 
increase in length until attaining the aim of 30 to 60 
minutes per day, 5 to 7 days per week. At least 150 min-
utes per week is now advised, with aerobic activities 
spaced out over three days per week and no more than 
two consecutive days, and resistance exercises (weight 
training) encompassing as many muscle groups as fea-
sible. The suggestions do not mention whether the time 
spent on resistance exercises contributes to the aim.5

It is critical to discuss the weekly frequency and 
length of activities when establishing the weekly volume 
of PA. Although the daily length of activities is consis-
tent with the requirements for 87% of active people with 
diabetes, the lower weekly frequency is a significant im-
pediment to meeting the goal. In this regard, the major 
goal should be to increase the frequency of PA with-
out affecting the duration of activities, which is recom-
mended for most people with diabetes.

When you consider that PA-mediated insulin sensi-
tization is peak 12 to 48 hours after the exercise session 
and gradually recovers to pre-activity levels, it is normally 
no more than 72 hours.28 Training’s effect on insulin sen-
sitivity may remain a little longer, maybe because part of 
its benefits are mediated by muscle mass gain.29 Accord-
ing to Thomas et al., the insufficient amount of effort may 
explain why many people with diabetes with insufficient 
PA have not improved their blood glucose control to the 
same level as adequately active people with diabetes.30

The most dangerous circumstance for people with 
diabetes’ health was the complete lack of PA for the ma-

jority of people with diabetes (55%). Although different 
guidelines differ on the optimal way to obtain the mini-
mum amount of PA to achieve significant health effects, 
all guidelines agree that the magnitude of the positive 
effect of PA on people with diabetes is greater when in-
active people incorporate some degree of PA than when 
moderately active people increase their activity. In this 
regard, beginning to practice some PA appears to be the 
most crucial step for the majority of people with dia-
betes.

Walking was chosen as the primary form of phys-
ical activity by nearly 74.2% of people with diabetes. 
This rate was greater than the general population (43%). 
Walking is a moderate-intensity aerobic activity, and it 
was the exercise that contributed the most to meeting 
the PA goal.25 This is in consistent with the Ministry of 
Health’s recommendations, which favor volume over 
high intensity exercises.5

PA-mediated insulin sensitization occurs as a result 
of both aerobic and resistance exercise (weight train-
ing). The method by which various forms of exercise act 
appears to be distinct.30 With this in mind, the Minis-
try of Health suggests mixing the two modes in a com-
plimentary rather than alternative manner.5 Resistance 
exercise (weight training) has been found to be safe for 
persons in their forties and fifties, including those at 
high risk of cardiac events.22

According to the findings of this survey, just 3% of 
the participants listed weight training as their primary 
activity. According to the opening remark in the preced-
ing paragraph, not practicing weight training is contrary 
to MOH guidelines. However, as noted under the meth-
od’s limitations, this information should be evaluated 
with caution due to the Vigitel survey’s restriction of not 
defining types of activities carried out concurrently with 
the main activity. As a result, bodybuilding may be un-
derrepresented in this study.

The emphasis on general care, focusing on individ-
ual criteria, stands out as a guiding concept. Knowledge 
of a prior DM diagnosis and the beneficial effects of 
PA on the illness might support the concept that peo-
ple with diabetes should be or remain more physical-
ly active, hence protecting against disease progression 
and the formation of comorbidities. The decision to live 
a more active life is also influenced by the availability, 
opportunity, and safety of access to and permanency in 
public locations conducive to PA practice. As a result, 
it makes sense to integrate intersectional efforts to in-
crease public health by promoting PA.

People with diabetes might benefit from better in-
tersectional public planning. Measures to beautify the 
physical environment near residential areas, such as 
the creation of safe environments on sidewalks and at 
street crossings with reduced traffic speeds, the concen-
tration of public access points for practicing PA away 
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from places with heavy traffic and preventive policing, 
extending the opening hours of facilities for practicing 
PA and publicizing the existence of appropriate points 
for PA, may prove beneficial.

The study’s strengths include data on leisure-time 
physical activity of a large sample of Brazilian adults liv-
ing with diabetes residing in the capitals of the Brazilian 
states and the Federal District, which has been tracked 
on a regular basis by the Vigitel system since 2006. This 
study provides useful information on the organization 
of PA in order to strengthen activities aimed at encour-
aging people with diabetes to be more active, minimiz-
ing access disparities between sex and age groups, and 
guaranteeing appropriate and secure public venues for 
PA. The relevance of Primary Health Care services as an 
ideal location to provide advice on the benefits of PA, 
considering its closeness and penetration among pa-
tients with DM, cannot be overstated.

Study limitations 
When evaluating the findings, some limitations of this 
study should be acknowledged. The Vigitel data was col-
lected only through conversations with landline phone 
owners. The use of post-stratified weights attempted 
to reduce any discrepancies between the entire popu-
lation and the study population. However, residual se-
lection bias may exist. The Vigitel survey’s question on 
the kind of PA is not multiple choice, which makes it 
easy to underestimate some types of PA. Furthermore, 
the real amount of work cannot be proven. Direct mea-
surements of PA might fulfill this constraint, but they 
are inappropriate for large-sample surveys like this one. 
Positive cases of illness knowledge were not validated on 
the spot. It should be recognized that some individuals 
interviewed may have been diabetic and were ignorant 
of their status. The utilization of a representative sam-
ple of the Brazilian population (around 30%) with solid 
validity and repeatability data is the study’s strength.29

Conclusion 
In 2020, 7.9% of the population identified themselves as 
having diabetes. There was a higher frequency among 
older women and those with less schooling. In the sam-
ple as a whole, approximately 70% of people living with 
diabetes were inactive (54.5%) or did not meet the min-
imum BP recommendations for people with diabetes. 
The duration of each session seemed to be in line with 
the recommendations, however, the lack of regulari-
ty caused by the low weekly frequency meant that the 
minimum recommended target could not be achieved. 
Efforts involving the continued monitoring of people 
living with diabetes and counseling in Primary Health 
Care to opt for a more physically active life, seem to be 
promising acts for a healthier life, pending a definitive 
resolution to the disease. 
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ABSTRACT
Introduction and aim. Violation in the salivary glands will inevitably cause changes in periodontium, and periodontitis can 
disrupt the functioning of the salivary glands. The purpose of the work is to evaluate changes in NO-synthase and arginase 
activities, pro- and antioxidant balance in rat salivary glands and soft periodontal tissues during administration of bacterial li-
popolysaccharide (LPS) and water avoidance stress (WAS) modeling.
Material and methods. The experiment was performed on 24 rats. The animals were divided into 4 groups: control, WAS, ani-
mals injected intraperitoneally with 0.4 μg/kg of bacterial LPS of Salmonella typhi, WAS+LPS. 
Results. Water avoidance stress led to decrease of inducible NO-synthase (iNOS) activity in salivary glands by 1.63 times, but 
decreased arginase activity by 1.15 times, superoxide production increased by 1.53 times, catalase activity decreased by 1.2 
times, and malonic dialdehyde (MDA) increased by 1.19 times compared to the control. Lipopolysaccharide led to increase of 
constitutive NO-synthases (cNOS) activity in salivary glands by 1.48 times, but decreased arginase activity by 6.15 times, cat-
alase activity increased by 2.6 times and superoxide dismutase activity decreased by 2.74 times, and MDA increased by 6.84 
times compared to the control. Water avoidance stress + LPS in salivary glands led to decrease of cNOS and arginase activity by 
1.09 and 1.19 times, respectively, superoxide production increased by 1.88 times, catalase and superoxide dismutase activity 
decreased by 1.06 times and 1.34 times, respectively, and MDA increased by 2.44 times compared to the control.
Water avoidance stress led to increase of iNOS activity in periodontium by 1.44 times and arginase activity decreased by 1.37 
times, superoxide production increased 1.32 times, catalase activity and superoxide dismutase activities decreased by 1.27 
times and by 1.53 times, respectively, and MDA increased by 1.31 times compared to the control. Lipopolysaccharide led to 
increase of iNOS activity in the periodontium by 3.88 times, arginase activity decreased by 2.69 times, superoxide production 
increased 1.64 times, catalase activity increased by 4.32 times, and MDA increased by 4.51 times compared to the control. Water 
avoidance stress + LPS in periodontium led to increase of iNOS and cNOS activities by 1.95 times and 1.53, respectively, argin-
ase activity decreased by 1.39 times, superoxide production increased 1.66 times, catalase activity increased by 1.11 times, and 
MDA increased by 1.53 times compared to the control.
Conclusion. The combination of LPS and WAS leads to changes in NO production and oxidative stress in salivary glands and 
the periodontium.
Keywords. bacterial lipopolysaccharide, nitric oxide, salivary glands, soft periodontal tissues, water avoidance stress
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Introduction
Salivary glands and the periodontium are part of a sin-
gle functional system that forms homeostasis in the oral 
cavity. Patients with generalized chronic periodontitis 
have an increased risk of developing primary Sjogren’s 
syndrome.1 Violation of saliva secretion caused by 
Sjogren’s syndrome leads to increased inflammatory 
processes in periodontal tissues.2,3 The functional state 
of salivary glands and the periodontium are intercon-
nected through common metabolic patterns. For in-
stance, excessive amount of palmitic acid in blood can 
lead both to Sjogren’s syndrome development and in-
flammation in the periodontium.2 Terrizzi et al. in their 
study showed that during adaptation to hypoxia in sali-
vary glands, secretion drops, while levels of prostaglan-
din E2 increase.3 Increased levels of prostaglandin E2 in 
turn lead to excessive alveolar bone loss, thus mimick-
ing the bone loss observed during periodontitis.3 Lin et 
al. showed in their research that changes in oral micro-
biota caused by xerostomia form a vicious circle and ex-
acerbate xerostomia further.4 

Thus, a violation of the physiological functioning 
of the salivary glands will inevitably cause changes in 
the functional state of the periodontal tissues, and peri-
odontitis can disrupt the functioning of the salivary 
glands. 

Lipopolysaccharide (LPS) is an important factor in 
the virulence of gram-negative bacteria and a powerful 
activator of innate and adaptive immune responses, as 
well as being capable of triggering intracellular signal-
ing of tissue destruction. It plays an important role in 
the pathogenesis of periodontitis, where a large num-
ber of gram-negative species is a typical determinant of 
the periodontal microbiota. Translocation of LPS into 
the circulation causes endotoxemia, which is involved 
in the pathogenesis of many inflammatory conditions, 
including atherosclerotic cardiovascular disease, obesi-
ty, liver disease, diabetes, metabolic syndrome, and oral 
inflammatory diseases, and is therefore considered a 
risk factor. It is known that patients with periodontitis 
have an increased concentration of circulating LPS and 
metabolic disturbances, which can be the cause or con-
sequence of endotoxemia.5 Bacterial endotoxin causes 
inflammation in the salivary glands, which leads to im-
paired secretion of saliva.6,7

Systemic inflammatory response can change com-
position of saliva drastically, leading to absence of pro-
teins necessary for oral homeostasis.8 Recent studies 
have revealed the role of small extracellular vesicles in 
saliva as powerful diagnostic tools for periodontitis de-
velopment, hinting of presence of a special intercon-
nection between metabolism of the periodontium and 
salivary glands.9 The presence of oxidative stress mark-
ers in saliva corresponds to development of oxidative 
stress in the periodontium, however, whether salivary 

glands are involved in increase of oxidative stress bio-
markers in saliva is still under question.10 

The Scientific School of Professor Tarasenko sub-
stantiated biochemical mechanisms of stress-induced 
damage to salivary glands and periodontal tissues.11 
Stress causes drastic changes in the composition of sali-
va, characterized by changes in the electrolyte composi-
tion, protein secretion, and an increase in inflammatory 
markers.12,13 Psychological stress leads to an imbalance 
in the immune homeostasis of periodontal tissues, 
which can lead to the development of chronic periodon-
titis and/or an increase in the destruction of biopoly-
mers of periodontal tissues.14

The combined effect of chronic stress and bacteri-
al LPS on periodontal soft tissues and salivary glands is 
poorly understood.

Aim
To evaluate changes in the activity of NO-synthase and 
arginase, pro- and antioxidant balance in salivary glands 
and soft periodontal tissues of rats under the conditions 
of administration of bacterial lipopolysaccharide against 
the background of water avoidance stress modeling.

Material and methods
Ethical approval
Research was conducted in accordance with the stan-
dards of the Council of Europe Convention on Bioethics 
“European Convention for the Protection of Vertebrate 
Animals Used for Experimental and Other Scientific 
Purposes” (1997), general ethical principles of experi-
ments on animals approved by the First National Con-
gress on Bioethics of Ukraine (September 2001) and 
other international agreements and national legislation 
in this area. The rats were kept in a vivarium accred-
ited in accordance with the “Standard rules of order, 
equipment and maintenance of experimental biolog-
ical clinics (vivarium).” All experimental procedures 
were approved by Bioethical Committee of Poltava State 
Medical University (Record № 212 from 27.01.2023).

Sample and experimental groups
The experiment was performed on 24 sexually mature 
male Wistar albino rats weighing 190–240 g. The ani-
mals were divided into 4 groups of 6 rats. 

І – control group, intact animals, which were in-
traperitoneally injected with 0.2 mL of a 0.9% aqueous 
solution of sodium chloride. 

II – water avoidance stress group (WAS group), 
simulated stress according to the water avoidance stress 
modelling protocol. 

ІІI – a group of rats injected with lipopolysaccharide 
(LPS group) according to pyrogenal injection protocol. 

ІV – group of rats intraperitoneally injected with 
pyrogenal (WAS+LPS group) that were subjected to the 
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water avoidance stress modelling protocol and pyroge-
nal injection protocols.

The conditions for keeping animals in the vivar-
ium were standard. Animals were removed from the 
experiment on the 30th day and blood sampling was 
performed from the right ventricle of the heart under 
thiopental anesthesia. 

Water avoidance stress modelling protocol
The rats were placed on a platform (8×6 cm) in the mid-
dle of a plastic container with a diameter of 90 cm and 
height of 50 cm filled with water of 25°C to 1 cm below 
the level of the platform. Rats avoided water by staying 
on the platform for 1 hour during 30 days.15

Pyrogenal injection protocol
Bacterial LPS of Salmonella typhi (pyrogenal) was in-
jected intraperitoneally with 0.4 μg/kg of in the first 
week 3 times and then once a week throughout the du-
ration of the experiment.16,17

Biochemical analysis
For biochemical analysis, we used 10% periodontal soft 
tissues and salivary gland homogenate and blood serum. 
Periodontal soft tissues and salivary gland homogenate 
was obtained after homogenization of 1 g of rat periodon-
tal soft tissues or 1 g of salivary gland with 9 mL of 0.2 M 
Tris-buffer solution (Trisaminomethane-hydrochloric 
acid buffer, pH=7.4). Then it was centrifuged at 3000 g 
for 10 minutes. The upper layer (supernantant) was used 
for further biochemical analysis. Blood plasma was ob-
tained after addition of 0.109 М sodium citrate at ratio 9:1 
and subsequent centrifugation at 3000 g for 10 minutes.

Cortisol concentration was determined in the ali-
quot of 0.1 mL of blood plasma of rats. 

To determine the concentration of cortisol, 2 mL of 
ammonium tetramethylhydroxide pentahydrate solu-
tion (100 mg of ammonium tetramethylhydroxide pen-
tahydrate was dissolved in 5 mL of distilled water, then 
5 mL of the resulting solution was mixed with 45 mL of 
methyl alcohol) and 2 ml of nitroblue tetrazolium chlo-
ride solution (100 mg of nitroblue tetrazolium chloride 
in 50 mL of methyl alcohol). As a result, a red-colored 
dye was formed with a maximum light absorption at a 
wavelength of 510 nm.18

Total NO-synthase (gNOS) activity was evaluated by 
the increase of nitrites after incubation of 10% liver ho-
mogenate (0.2 mL) for 30 min in the incubation solution 
(2.5 mL of 0.1 M trisbuffer, 0.3 mL of 320 mM aqueous 
solution of L-arginine and 0.1 ml of 1 mM NADPH+H+ 
solution). To determine the activity of constitutive NOS 
(cNOS) 1% solution of aminoguanidine hydrochloride 
was used and the incubation time was extended to 60 
min.19,20 The activity of inducible NOS (iNOS) was calcu-
lated by the formula: іNOS=gNOS-сNOS.

Adrenaline auto-oxidation reaction in an alkaline 
environment with the generation of superoxide was 
used to determine SOD activity. SOD activity was calcu-
lated in conventional units (c.u., 1 unit indicates a 50% 
inhibition of the reaction rate) by comparison of speed 
of adrenaline auto-oxidation in presence of tissue ho-
mogenate and without it.21

The method of catalase activity estimation was 
based on the determination of colored products formed 
by the reaction of hydrogen peroxide with ammonium 
molybdate. The amount of hydrogen peroxide decom-
posed in the presence of a sample containing catalase 
can help us to make a conclusion about the activity of 
catalase.21

Free malonic dialdehyde (MDA) specifically reacts 
with 1-methyl-2-phenyl-indole in a mixture of metha-
nol and acetonitrile to form chromogen (carbocyanine 
dye) with a maximum light absorption at a wavelength 
of 586 nm.22

Peroxynitrite concentration was measured by using 
its reaction with potassium iodide under pH 7.0 in 0.2 
M phosphate buffer with the same pH, which yields I3 
with maximum absorbance at 355 nm wavelength.19 

The method for the determination of nitrosothiols 
was based on the determination of the difference in the 
concentration of nitrites (NO2

-) using Griess reagent 
(modified by Ilosvay) before and after oxidation of ni-
trosothiol complexes (SNO) to nitrites with a solution 
of mercuric chloride (HgCl2).23

Sulfides specifically react with N-N-dimethyl-pa-
ra-phenylenediamine in the presence of Fe3+ ions and 
excess of hydrochloric acid to form a red-pink chromo-
gen with a maximum light absorption at a wavelength 
of 667 nm.24

The method for estimation of superoxide anion 
radical production was based on nitroblue tetrazolium 
(NBT) reduction by superoxide with the formation of 
diformazan, a dark blue insoluble precipitate.24

OMP were measured by definition of additional car-
bonyl groups in side chains of amino acids by reaction 
of 2,4-dinitrophenylhydrazine with carbonyl groups.25 

Statistical analysis
Statistical processing of the results of biochemical stud-
ies was carried out using a pairwise comparison using 
the non-parametric Mann-Whitney method. All statis-
tical calculations were performed in the Microsoft office 
Excel program and its extension Real Statistics 2019 de-
veloped by Charles Zaiontz. The difference was consid-
ered statistically significant at p<0.05.

Results
The level of cortisol in the blood of experimental ani-
mals is shown in Fig. 1.
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Fig. 1. Cortisol concentration in the blood of rats 
under the conditions of administration of bacterial 
lipopolysaccharide against the background of water 
avoidance stress modeling, M±m, * – indicates that data 
is statistically significantly different form control group 
(p<0.05), ^ – indicates that data is statistically significantly 
different form WAS group (p<0.05), # – indicates that data is 
statistically significantly different form LPS group (p<0.05), 
WAS – water avoidance stress, LPS – lipopolysaccharide

Biochemical changes in the salivary glands of rats under 
the conditions of administration of bacterial lipopoly-
saccharide against the background of water avoidance 
stress modeling
The activity of iNOS in the salivary glands of rats un-
der the conditions of modeling water avoidance stress 
decreased by 1.63 times compared to the control group 
of animals. The activity of iNOS in the salivary glands 
of rats under the conditions of LPS administration in-
creased 2 times compared to the group of rats with 
stress syndrome. The activity of iNOS in salivary glands 
of rats under conditions of combined exposure to water 
avoidance stress and administration of LPS increased 
by 1.35 times compared to the group of rats with stress 
syndrome and decreased by 1.48 times compared to the 
group of rats that were administered LPS (Table 1).

The activity of cNOS in the salivary glands of rats 
under the conditions of modeling water avoidance 
stress decreased by 0.1 times compared to the control 
group of animals. cNOS activity in the salivary glands 
of rats under the conditions of LPS administration in-
creased 1.48 times compared to the control group of 
animals and 1.54 times compared to the group of rats 
with stress syndrome. cNOS activity under conditions 
of combined exposure to WAS and LPS administration 
decreased by 1.09 times compared to the control group 
of animals, by 1.05 times compared to the group of rats 
with stress syndrome, and by 1.61 times compared to 
the group of rats that were administered LPS.

The activity of arginase in the salivary glands of rats 
under the conditions of modeling water avoidance stress 
increased 1.15 times compared to the control group of 
animals. The activity of arginase in the salivary glands 

of rats under the conditions of LPS administration de-
creased by 6.15 times compared to the control group of 
animals and by 7.07 times compared to the group of rats 
with stress syndrome. The activity of arginase in the sal-
ivary glands of rats under conditions of combined expo-
sure to water avoidance stress and LPS administration 
decreased by 1.19 times compared to the control group 
and by 1.37 times compared to the group with stress 
syndrome and increased by 5.15 times compared to the 
group of rats, who were administered LPS.

Table 1. Biochemical changes in the salivary glands of 
rats under the conditions of administration of bacterial 
lipopolysaccharide against the background of water 
avoidance stress modeling (M±m)a

Parameters
Control 
group

WAS group LPS group
WAS+LPS 

group
Inducible NO-synthase, 
μmol/min per g of 
protein

0.8±0.08 0.49±0.02* 0.98±0.07^ 0.66±0.03^#

Constitutive NO-
synthase, μmol/min per 
g of protein

0.0614 
±0.0002

0.0591 
±0.0006*

0.0908 
±0.0004*^

0.0564 
±0.0005*^#

Arginase activity, μmol/
min per g of protein

1.66±0.014 1.91±0.03* 0.27±0.04*^
1.39 

±0.003*^#

S-NO, μmol/g
0.29 

±0.0008
0.095±0.003* 0.84±0.08*^

0.13 
±0.0042*^#

ONOO-, μmol/g 2.17±0.04 3.8±0.11* 6.08±0.17*^ 4.31±0.13*^#

NO2
- concentration, 

nmol/g
7.9±0.11 6.28±0.17* 36.38±0.23*^ 6.59±0.28*#

Superoxide anion radical 
production, nmol/s per g

0.64±0.004 0.98±0.004* 0.78±0.08^ 1.2±0.004*^#

Catalase activity, μkat/g 0.55±0.004 0.46±0.004* 1.43±0.01*^ 0.52±0.007*^#

Superoxide dismutase 
activity, c.u.

2.11±0.07 0.77±0.03* 2.77±0.35^ 1.58±0.19*^#

Malondialdehyde 
concentration, μmol/g

6.26±0.04 13.73±0.1* 42.83±4.37*^ 15.28±0.06*^#

OMP, c.u.
0.034 

±0.0015
0.091 

±0.0009*
0.0802 

±0.002*^
0.105 

±0.0012*^#

Sulfide anion 
concentration, μmol/g

8.17±0.103 21.16±0.42* 28.4±0.1*^ 17.92±0.08*^#

a * – indicates that data is statistically significantly different 
form control group (p<0.05), ^ – indicates that data is 
statistically significantly different form WAS group (p<0.05), 
# – indicates that data is statistically significantly different 
form LPS group (p<0.05), WAS – water avoidance stress, 
LPS – lipopolysaccharide

The concentration of nitrosothiols in the salivary 
glands of rats under the conditions of modeling wa-
ter avoidance stress decreased by 3.05 times compared 
to the control group of animals. The concentration of 
nitrosothiols in the salivary glands of rats under the 
conditions of LPS administration increased 2.9 times 
compared to the control group of animals and 8.84 times 
compared to the group of rats with stress syndrome.  
The concentration of nitrosothiols in the salivary glands 
of rats under conditions of combined exposure to water 
avoidance stress and administration of LPS decreased 
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by 2.23 times compared to the control group and by 6.46 
times compared to the group of animals administered 
LPS and increased by 1.37 times compared to the group 
with stress syndrome.

The concentration of ONOO- in the salivary glands 
of rats under the conditions of modeling water avoid-
ance stress increased 1.75 times compared to the control 
group of animals. The concentration of ONOO- in the 
salivary glands of rats under the conditions of LPS ad-
ministration increased 2.8 times compared to the con-
trol group of animals and 1.6 times compared to the 
group of rats with stress syndrome. The concentration 
of ONOO- in the salivary glands of rats under condi-
tions of combined exposure to water avoidance stress 
and administration of LPS increased by 1.99 times com-
pared to the control group and by 1.13 times compared 
to the group with stress syndrome and decreased by 1.41 
times compared to the group animals that were inject-
ed with LPS.

The concentration of NO2 in the salivary glands of 
rats under the conditions of modeling water avoidance 
stress decreased by 1.26 times compared to the control 
group of animals. The concentration of NO2 in the sali-
vary glands of rats under the conditions of LPS admin-
istration increased 4.61 times compared to the control 
group of animals and 5.79 times compared to the group 
of rats with stress syndrome. The concentration of NO2 
in the salivary glands of rats under conditions of com-
bined exposure to water avoidance stress and adminis-
tration of LPS decreased by 1.2 times compared to the 
control group and by 5.52 times compared to the group 
of animals that were administered LPS.

Analyzing antiradical protection and production of 
reactive oxygen species (ROS) under the conditions of 
combined exposure to water avoidance stress and LPS 
administration, we found that SAR production in the 
salivary glands of rats under the conditions of water 
avoidance stress simulation increased 1.53 times com-
pared to the control group of animals. SAR production 
in the salivary glands of rats under the conditions of 
LPS administration decreased by 1.26 times compared 
to the group of rats with stress syndrome. SAR produc-
tion in the salivary glands of rats under conditions of 
combined exposure to water avoidance stress and LPS 
administration increased 1.88 times compared to the 
control group of rats, 1.22 times compared to the group 
with stress syndrome, and 1.54 times compared to the 
group of rats, who were administered LPS.

Catalase activity in the salivary glands of rats under 
the conditions of modeling water avoidance stress de-
creased by 1.2 times compared to the control group of 
animals. Catalase activity in the salivary glands of rats 
under the conditions of LPS administration increased 
2.6 times compared to the control group of animals and 
3.11 times compared to the group of rats with stress 

syndrome. Catalase activity in the salivary glands of rats 
under conditions of combined exposure to water avoid-
ance stress and administration of LPS decreased by 1.06 
times compared to the control group of rats and by 2.75 
times compared to the group of animals administered 
LPS and increased by 1.13 times compared to group 
with stress syndrome.

The activity of SOD in the salivary glands of rats un-
der the conditions of LPS simulation decreased by 2.74 
times compared to the control group of animals. The ac-
tivity of SOD in the salivary glands of rats under the 
conditions of LPS administration increased 3.6 times 
compared to the group of rats with stress syndrome. 
The activity of SOD in the salivary glands of rats un-
der conditions of combined exposure to water avoid-
ance stress and LPS administration decreased by 1.34 
times compared to the control group of rats and by 1.75 
times compared to the group of animals administered 
LPS and increased by 2.05 times compared to group 
with stress syndrome.

The concentration of MDA in the salivary glands 
of rats under the conditions of modeling water avoid-
ance stress increased by 1.19 times compared to the con-
trol group of animals. The concentration of MDA in the 
salivary glands of rats under the conditions of LPS ad-
ministration increased 6.84 times compared to the con-
trol group of animals and 3.12 times compared to the 
group of rats with stress syndrome. The concentration 
of MDA in the salivary glands of rats under conditions 
of combined exposure to water avoidance stress and 
LPS administration increased 2.44 times compared to 
the control group and 1.11 times compared to the group 
with stress syndrome and decreased 2.8 times compared 
to the group of animals, who were administered LPS.

The content of OMP in the salivary glands of rats 
under the conditions of modeling water avoidance stress 
increased 2.68 times compared to the control group of 
animals. The content of OMP in the salivary glands of 
rats under the conditions of LPS administration in-
creased by 2.36 times compared to the control group 
of animals and decreased by 1.13 times compared to 
the group of rats with stress syndrome.  The content of 
OMP in the salivary glands of rats under conditions of 
combined exposure to water avoidance stress and LPS 
administration increased 3.09 times compared to the 
control group of animals, 1.15 times compared to the 
group with stress syndrome and 1.31 times compared to 
the group of animals, who were administered LPS.

The concentration of sulfide anion in the salivary 
glands of rats under the conditions of modeling water 
avoidance stress increased by 2.59 times compared to 
the control group of animals. The concentration of sul-
fide anion in the salivary glands of rats under the con-
ditions of LPS administration increased by 3.48 times 
compared to the control group of animals and by 1.34 
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times compared to the group of rats with stress syn-
drome. The concentration of sulfide anion in the sal-
ivary glands of rats under conditions of combined 
exposure to water avoidance stress and LPS administra-
tion increased 2.19 times compared to the control group 
and decreased 1.18 times compared to the group with 
stress syndrome and 1.58 times compared to a group of 
animals that were injected with LPS.

Biochemical changes in the soft periodontal tissues of 
rats under the conditions of administration of bacteri-
al lipopolysaccharide against the background of water 
avoidance stress modeling
The activity of iNOS in the soft periodontal tissues of 
rats under the conditions of modeling water avoidance 
stress increased by 1.44 times compared to the control 
group of animals. The activity of iNOS in the periodon-
tal soft tissues of rats under the conditions of LPS ad-
ministration increased by 3.88 times compared to the 
control group of animals and by 2.69 times compared 
to the group of rats with stress syndrome. The activity of 
iNOS in the periodontal soft tissues of rats under con-
ditions of combined exposure to water avoidance stress 
and LPS administration increased by 1.95 times com-
pared to the control group of animals and by 1.35 times 
compared to the group of rats with stress syndrome and 
decreased by 1.99 times compared to the group of rats 
that were injected with LPS (Table 2).

The activity of cNOS in the soft periodontal tissues 
of rats under the conditions of modeling water avoid-
ance stress decreased by 1.04 times compared to the 
control group of animals. cNOS activity in the peri-
odontal soft tissues of rats under the conditions of LPS 
administration increased by 3.03 times compared to the 
control group of animals and by 3.15 times compared to 
the group of rats with stress syndrome. cNOS activity in 
the periodontal soft tissues of rats under conditions of 
combined exposure to water avoidance stress and LPS 
administration increased by 1.53 times compared to the 
control group of animals, by 1.59 times compared to the 
group of rats with stress syndrome, and decreased by 
1.99 times compared to the group of rats that were in-
jected with LPS.

The activity of arginase in the soft periodontal tis-
sues of rats under the conditions of modeling water 
avoidance stress decreased by 1.37 times compared to 
the control group of animals. The activity of arginase in 
the soft periodontal tissues of rats under the conditions 
of LPS administration decreased by 2.69 times com-
pared to the control group of animals and by 1.97 times 
compared to the group of rats with stress syndrome. The 
activity of arginase in the soft periodontal tissues of rats 
under conditions of combined exposure to water avoid-
ance stress and administration of LPS decreased by 1.39 
times compared to the control group and increased by 

1.94 times compared to the group of rats that were ad-
ministered LPS.

The concentration of nitrosothiols in the soft peri-
odontal tissues of rats under the conditions of modeling 
water avoidance stress decreased by 6.03 times com-
pared to the control group of animals. The concentra-
tion of nitrosothiols in the periodontal soft tissues of 
rats under the conditions of LPS administration de-
creased by 2.73 times compared to the control group of 
animals and increased by 2.21 times compared to the 
group of rats with stress syndrome.  The concentration 
of nitrosothiols in the soft periodontal tissues of rats 
under conditions of combined exposure to water avoid-
ance stress and administration of LPS decreased by 3.15 
times compared to the control group and by 1.15 times 
compared to the group of animals injected with LPS 
and increased by 1.91 times compared to the group with 
stress syndrome.

Table 2. Biochemical changes in the soft periodontal 
tissues of rats under the conditions of administration of 
bacterial lipopolysaccharide against the background of 
water avoidance stress modeling (M±m)a

Parameters
Control 
group

WAS group LPS group
WAS+LPS 

group

Inducible NO-synthase, 
μmol/min per g of protein

0.43±0.03 0.62±0.02* 1.67±0.14*^ 0.84±0.03*^#

Constitutive NO-synthase, 
μmol/min per g of protein

0.0474 
±0.0002

0.0456 
±0.0002*

0.1438 
±0.0115*^

0.0724 
±0.0007*^#

Arginase activity, μmol/min 
per g of protein

1.75±0.003 1.28±0.02* 0.65±0.01*^ 1.26±0.01*#

S-NO, μmol/g 0.41±0.004
0.068 

±0.005*
0.15±0.003*^

0.13 
±0.0005*^#

ONOO-, μmol/g 1.67±0.03 2.44±0.01* 1.87±0.04*^
2.32 

±0.007*^#

NO2
- concentration, nmol/g 3.14±0.06 4.26±0.11* 22.04±0.23*^ 3.65±0.11*^#

Superoxide anion radical 
production, nmol/s per g

0.82±0.03 1.08±0.008* 0.5±0.01*^ 1.36±0.01*^#

Catalase activity, μkat/g 0.38±0.001 0.3±0.001* 1.64±0.008*^
0.42 

±0.001*^#

Superoxide dismutase 
activity, c.u.

6.36±0.47 4.17±0.18* 9.86±1.29^ 6±0.32^

Malondialdehyde 
concentration, μmol/g

9.4±0.1 12.32±0.13* 42.39±0.22*^ 14.41±0.1*^#

OMP, c.u.
0.027 

±0.0004
0.077 

±0.0004*
0.048 

±0.0004*^
0.097 

±0.0006*^#

Sulfide anion concentration, 
μmol/g

1.81±0.06 4.19±0.05* 4.11±0.04* 2.57±0.04*^#

a * – indicates that data is statistically significantly different 
form control group (p<0.05), ^ – indicates that data is 
statistically significantly different form WAS group (p<0.05), 
# – indicates that data is statistically significantly different 
form LPS group (p<0.05), WAS – water avoidance stress, 
LPS – lipopolysaccharide

The concentration of ONOO- in the soft periodon-
tal tissues of rats under the conditions of modeling wa-
ter avoidance stress increased by 1.46 times compared 
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to the control group of animals. The concentration of 
ONOO- in the periodontal soft tissues of rats under 
the conditions of LPS administration increased by 1.12 
times compared to the control group of animals and 
decreased by 1.3 times compared to the group of rats 
with stress syndrome. The concentration of ONOO- in 
the soft periodontal tissues of rats under conditions of 
combined exposure to water avoidance stress and ad-
ministration of LPS increased by 1.39 times compared 
to the control group and by 1.24 times compared to the 
group of animals injected with LPS and decreased by 
1.05 times compared to the group with stress syndrome.

The concentration of NO2 in the soft periodon-
tal tissues of rats under the conditions of modeling 
water avoidance stress decreased by 1.36 times com-
pared to the control group of animals. The concentra-
tion of NO2 in the periodontal soft tissues of rats under 
the conditions of LPS administration increased by 7.02 
times compared to the control group of animals and 
by 5.17 times compared to the group of rats with stress 
syndrome. The concentration of NO2 in the soft peri-
odontal tissues of rats under conditions of combined 
exposure to water avoidance stress and LPS adminis-
tration increased by 1.16 times compared to the con-
trol group and decreased by 1.17 times compared to the 
group with stress syndrome and by 6.04 times compared 
to with a group of animals that were injected with LPS.

SAR production in the soft periodontal tissues of 
rats under water avoidance stress simulation condi-
tions increased by 1.32 times compared to the control 
group of animals. SAR production in the periodontal 
soft tissues of rats under the conditions of LPS admin-
istration decreased by 1.64 times compared to the con-
trol group of animals and by 2.16 times compared to the 
group of rats with stress syndrome. SAR production in 
the periodontal soft tissues of rats under conditions of 
combined exposure to water avoidance stress and LPS 
administration increased by 1.66 times compared to 
the control group of rats, by 1.26 times compared to the 
group with stress syndrome and by 2.72 times compared 
to with a group of rats that were injected with LPS.

Catalase activity in the soft periodontal tissues of rats 
under water avoidance stress simulation conditions de-
creased by 1.27 times compared to the control group of 
animals. Catalase activity in the periodontal soft tissues 
of rats under the conditions of LPS administration in-
creased by 4.32 times compared to the control group of 
animals and by 5.47 times compared to the group of rats 
with stress syndrome. Catalase activity in the soft peri-
odontal tissues of rats under conditions of combined ex-
posure to water avoidance stress and LPS administration 
increased by 1.11 times compared to the control group of 
rats and by 1.4 times compared to the group with stress 
syndrome and decreased by 3.9 times compared to the 
group of animals that were injected with LPS.

The activity of SOD in the soft periodontal tissues of 
rats under the conditions of modeling water avoidance 
stress decreased by 1.53 times compared to the control 
group of animals. The activity of SOD in the soft peri-
odontal tissues of rats under the conditions of LPS ad-
ministration increased by 2.36 times compared to the 
group of rats with stress syndrome. The activity of SOD 
in the soft periodontal tissues of rats under conditions 
of combined exposure to water avoidance stress and ad-
ministration of LPS decreased by 1.64 times compared 
to the group of animals with stress syndrome.

The concentration of MDA in the soft periodon-
tal tissues of rats under the conditions of modeling wa-
ter avoidance stress increased by 1.31 times compared 
to the control group of animals. The concentration of 
MDA in the periodontal soft tissues of rats under the 
conditions of LPS administration increased by 4.51 
times compared to the control group of animals and by 
3.44 times compared to the group of rats with stress syn-
drome. The concentration of MDA in the periodontal 
soft tissues of rats under conditions of combined expo-
sure to water avoidance stress and LPS administration 
increased by 1.53 times compared to the control group 
and by 1.17 times compared to the group with stress 
syndrome and decreased by 2.94 times compared to 
with a group of animals that were injected with LPS.

The content of OMP in the soft periodontal tissues 
of rats under the conditions of modeling water avoid-
ance stress increased by 2.85 times compared to the 
control group of animals. The content of OMP in the 
periodontal soft tissues of rats under the conditions of 
LPS administration increased by 1.78 times compared to 
the control group of animals and decreased by 1.6 times 
compared to the group of rats with stress syndrome.  
The content of OMP in the periodontal soft tissues of 
rats under conditions of combined exposure to water 
avoidance stress and LPS administration increased by 
3.59 times compared to the control group of animals, by 
1.26 times compared to the group with stress syndrome 
and by 2.02 times compared to with a group of animals 
that were injected with LPS.

The concentration of sulfide anion in the soft peri-
odontal tissues of rats under the conditions of modeling 
water avoidance stress increased by 2.31 times compared 
to the control group of animals. The concentration of 
sulfide anion in the soft periodontal tissues of rats under 
the conditions of LPS administration increased by 2.27 
times compared to the control group of animals. The 
concentration of sulfide anion in the periodontal soft 
tissues of rats under conditions of combined exposure 
to water avoidance stress and LPS administration in-
creased by 1.42 times compared to the control group of 
rats and decreased by 1.63 times compared to the group 
with stress syndrome and by 1.6 times compared to the 
group of animals that were injected with LPS.
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Discussion
Role of nitric oxide and competitive L-arginine metabo-
lism in physiology and pathology of oral cavity
Nitric oxide has an antibacterial properties regarding 
periodontal pathogens.26 These properties are connect-
ed to ability of nitric oxide to transform to nitrite (NO2

-) 
and peroxynitrite (ONOO-) depending on the state of 
oxygen involved in the reaction. Simple oxygen (O2) re-
acts with NO resulting in NO2

- formation, while super-
oxide anion radical, as an active form of oxygen (O2

∙-), 
reacts with NO with ONOO- formation. Both these re-
active forms of nitrogen can cause nitration of bacterial 
proteins.27 In periodontium the main producer of NO 
is iNOS derived from tissue macrophages polarized by 
pro-inflammatory (M1) phenotype.28 Arginases metab-
olize L-arginine to L-ornithine, which is in turn trans-
formed by ornithine decarboxylase to putrescine and 
other polyamines. Polyamines are potent stimulants of 
cell division and are necessary for high speed regener-
ation of tissues of oral cavity. However, increased activ-
ity of arginase during inflammation may have adverse 
effects, because it signifies the shift in macrophage po-
larization by anti-inflammatory (M2) phenotype, which 
will impede host defense mechanisms related to nitric 
oxide production.29 Therefore iNOS/Arginase ration 
can be used as a marker of predominance of macro-
phage polarization in specific tissues, because both en-
zymes are markers of different states of macrophages.30 
Increased expression of iNOS on the background of 
decreased expression of arginase evidences about pre-
dominant M1 polarization of tissue macrophages, an 
active stage of host immune response and increased ex-
udation.31 Vice versa, increased expression of  arginase 
on the background of decreased expression of iNOS ev-
idences about predominant M2 polarization of tissue 
macrophages, a regeneratory stage of inflammation and 
decreased immune response.32 

Mechanisms of influence of water avoidance stress on 
biochemical parameters in salivary glands and soft peri-
odontal tissues
Simulation of water avoidance stress leads to a de-
crease in nitric oxide production by iNOS in the sali-
vary glands, which may be related to the inhibitory 
effect of the increased cortisol concentration observed 
in this group on the activation of the transcription fac-
tor NF-κB.33 It is worth noting that our results differ 
from those of other scientists regarding the effect of wa-
ter avoidance stress on iNOS activity.34,35 The decrease 
in iNOS activity observed in our studies may be related 
to a longer (30 days) duration of water avoidance stress 
simulation, which will lead to the development of the 
“exhaustion” stage of the general adaptation syndrome, 
in contrast to the 10-day simulation, where mechanisms 
may prevail, characteristic of the “maximum adapta-

tion” stage of the general adaptation syndrome. It is also 
worth noting that in the soft tissues of the periodon-
tium, we observed an increase in the activity of iNOS. 
This may indicate a higher rate of exhaustion of adaptive 
capabilities in the salivary glands, when compared with 
the soft tissues of the periodontium. Another mecha-
nism underlying the described changes in iNOS activity 
in salivary glands under conditions of water avoidance 
stress may be the characteristics of resident salivary 
gland macrophages, which have a greater tendency to 
polarize according to the anti-inflammatory (M2) phe-
notype, in contrast to resident soft tissue macrophages 
periodontal tissues.36

Changes in the activity of arginases and constitu-
tive NO-synthase isoforms observed in salivary glands 
and periodontal soft tissues are probably associated with 
increased competition for the reaction substrate in the 
iNOS-arginase-cNOS triangle. Among these enzymes, 
iNOS has the greatest affinity for the substrate, therefore, 
an increase in iNOS activity leads to a decrease in the 
activity of arginases in the soft tissues of the periodon-
tium, while in the salivary glands we observe the oppo-
site changes. Constitutive isoforms of NO-synthase have 
the lowest affinity for the substrate, therefore, with an in-
crease in the activity of either arginase or iNOS, they re-
main in conditions of substrate deficiency, which causes 
a decrease in their activity both in the salivary glands and 
in the soft tissues of the periodontium. This can lead to 
vasoconstriction of the vessels of the microcirculatory 
channel of the soft tissues of the periodontium and sali-
vary glands and play a leading role in the development of 
endothelial dysfunction under these conditions. 

In the salivary glands, against the background of a 
decrease in the concentration of nitric oxide deposited 
in nitrosothiols and the concentration of nitrites, an in-
crease in the concentration of peroxynitrites is observed 
during water avoidance stress modeling. Therefore, the 
nitric oxide required for the formation of peroxynitrite 
probably does not originate from the L-arginine-depen-
dent pathway of its formation. In the literature, there is 
no data on the powerful ability of the salivary glands to 
reduce nitric oxide from nitrates and nitrites that come 
with food.37 In the soft tissues of the periodontium, on 
the contrary, there is a violation of the utilization of ni-
tric oxide, which is produced in excess as a result of in-
creased iNOS activity, which is evidenced by a decrease 
in the concentration of nitrosothiols and an increase in 
the concentration of nitrites and peroxynitrites.

Water avoidance stress is accompanied by increased 
superoxide anion radical production, depletion of anti-
oxidant systems, and increased oxidative damage to lip-
ids and proteins in salivary glands and soft periodontal 
tissues. The increased production of SAR may be a con-
sequence of the dissociation of the endothelial isoform of 
NO-synthase from its substrate, which is confirmed by 
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the reduced activity of cNOS in this group both in the 
soft periodontal tissues and in the salivary glands.38 Re-
search shows that the stress hormone corticosterone di-
rectly modulates the function of mitochondria, leads to 
the development of oxidative stress and an increase in 
the level of homocysteine (toxic to mitochondria). Glu-
cocorticoid receptor signaling also affects mitochondrial 
function during chronic stress. High levels of ROS (su-
peroxide, hydrogen peroxide and hydroxyl radical) dis-
rupt the functioning of mitochondria.39 An increase in 
the concentration of sulfides both in the soft periodontal 
tissues and in the salivary glands under the conditions of 
simulation of water avoidance stress may be a reaction of 
the resident microflora of these tissues aimed at overcom-
ing the consequences of oxidative stress.40

Mechanisms of influence of bacterial lipopolysaccharide 
on biochemical parameters in salivary glands and soft 
periodontal tissues
The introduction of bacterial LPS leads to an increase in 
the activity of iNOS against the background of a sharp 
decrease in the activity of arginases, which releases the 
substrate for cNOS and explains their increased activity 
in the salivary glands and soft tissues of the periodon-
tium. This effect of bacterial LPS on L-arginine-depen-
dent enzymes is explained by its ability to promote the 
polarization of macrophages according to the pro-in-
flammatory (M1) phenotype and activate the transcrip-
tion factor NF-κB.21,41,42 At the same time, an increase 
in both nitrosothiols, nitrites, and peroxynitrites is ob-
served in the salivary glands under the conditions of in-
creased production of nitric oxide from iNOS upon the 
introduction of bacterial LPS. In the soft tissues of the 
periodontium, only the concentration of peroxynitrites 
and nitrites is increased. An increased concentration 
of nitrites in the salivary glands and soft tissues of the 
periodontium may indicate a decrease in the activity of 
the nitrate-nitrite reductase pathway for the formation 
of nitric oxide. Although bacterial LPS can induce xan-
thine oxidase activity and increase nitrite reduction via 
the dehydrogenase domain of the xanthine oxidoreduc-
tase complex, the increased cortisol concentration in 
this group may negate this effect, since corticosteroids 
have an inhibitory effect on xanthine oxidase activity.43,44

The absence of an increase in the production of SAR 
in the salivary glands and a decrease in its production in 
the soft periodontal tissues of rats in the group of animals 
that were injected with LPS is associated with the accu-
mulation of cortisol in this group of animals, the concen-
tration of which even exceeds that in the WAS group. The 
accumulation of cortisol is associated with the inhibitory 
effect of LPS on the activity of 11β-hydroxysteroid dehy-
drogenase type 1 (11β-HSD1), an enzyme that converts 
cortisol into an inactive form.45 For activity, 11β-HSD1 
requires a cofactor in the form of NAD+ as an electron 

acceptor. A decrease in the activity of this enzyme under 
the influence of LPS will lead to a decrease in the NA-
DH+Н+/NAD+ ratio, which will reduce the production of 
SAR from the mitochondrial electron transport chain.46

Cortisol is also able to increase the activity of anti-
oxidant enzymes, which explains the changes in the ac-
tivity of SOD and catalase in salivary glands and soft 
periodontal tissues under the influence of LPS.47 It is 
worth noting that this effect of LPS on SAR production, 
SOD and catalase activity may depend on the type of 
bacterial LPS, the organ, and duration of exposure. 

The increase in the intensity of LPO and oxidative 
protein damage observed in the salivary glands and soft 
tissues of the periodontium in the group of animals in-
jected with LPS indicates the possible initiation of LPO 
processes by other ROS (hydroxyl radical, hydrogen 
peroxide, carbonyl radical, etc.) and/or active forms 
of nitrogen (nitrite radical, peroxynitrite), against the 
background of insufficient compensation from the en-
zymatic link of the antioxidant system (SOD and cat-
alase) and an increase in the concentration of sulfide 
anion (free radical acceptor).

Features of the combined effect of bacterial lipopolysac-
charide and water avoidance stress on biochemical in-
dicators in salivary glands and soft periodontal tissues
The combined effect of bacterial LPS and WAS on sal-
ivary glands and periodontal soft tissues has an an-
tagonistic effect on iNOS activity, and increases iNOS 
activity relative to the control group due to LPS expo-
sure. The combined effect of bacterial LPS and WAS 
also has an antagonistic effect on cNOS and arginase 
activity and leads to a decrease in cNOS activity and 
an increase in arginase activity, which corresponds to 
a WAS-dependent trend. WAS under the conditions of 
LPS administration to rats provides a decrease in the 
concentration of nitrosothiols and nitrites and prevents 
LPS-induced increase in their concentrations. 

The combined effect of bacterial LPS and WAS on 
salivary glands and soft periodontal tissues increases 
the production of SAR compared to all studied groups, 
which indicates the predominance of the stimulating ef-
fect of WAS on its production. The effect on antioxidant 
enzymes depends to a greater extent on WAS than from 
the action of LPS. WAS limits LPO processes when com-
bined with LPS action, but increases damage to protein 
structures in salivary glands and soft periodontal tissues. 

The combined effect of LPS and WAS on the salivary 
glands and periodontal soft tissues leads to a decrease in 
the concentration of sulfide anion in comparison with 
the isolated WAS and LPS exposure groups, which may 
indicate an increased use of sulfide anion in this group 
to compensate for the increased production of ROS.

Our study revealed simultaneous changes in salivary 
glands and soft periodontal tissues during induction of 
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general adaptation syndrome by WAS modelling. Sever-
al studies revealed that during general adaptation syn-
drome there are functional changes in salivary glands 
and increased chewing, which is mediated by brain-de-
rived neurotrophic factor (BDNF).48,49 Elevated chew-
ing may overload tissues of periodontium. At the same 
time psychological stress can induce changes in bacteri-
al composition of oral microbiota.50 BDNF during peri-
odontitis is hypermethylated and downregulated, thus 
its increased concentration during general adaptation 
syndrome may be a pathogenetic link connecting de-
velopment of oxidative stress in salivary glands and soft 
periodontal tissues observed in our study.51

Low grade systemic inflammation caused by intra-
peritoneal administration of bacterial LPS can also cause 
compensatory increase of BDNF in organs and systems 
most affected by inflammatory injury, like was shown by 
Shi J. et al. in their study on example of acute lung in-
jury.52 However, some scientists consider elevation of 
BDNF concentration in response to systemic inflamma-
tory states to be an adaptive response aimed at removal 
of adverse effects caused by inflammation.53 On the oth-
er hand, there are evidences that BDNF can exacerbate 
inflammatory processes and aggravate damage to organ 
and tissue.54 There is information in scientific literature, 
that prolonged stress can also lead to depletion of BDNF 
secretion, which subsequently leads to depression and 
metabolic disorders such as diabetes mellitus type 2, etc.55 

We did not evaluate the changes in BDNF concen-
trations in salivary glands and soft periodontal tissues 
in our study, which makes it a lucrative field for further 
investigations of mechanisms underlying the chang-
es in production of nitric oxide, activity of antioxidant 
enzymes and lipid peroxidation observed in our study. 
Perspectives of further research are not limited to a 
single factor like BDNF concentration. The role of re-
dox-sensitive transcriptional factors like NF-κB, STAT3, 
AP-1, Nrf2, p38-MAPK must also be considered and ex-
tensively studied, since, as mentioned above, they all or 
some of them may be either effectors or inductors of 
changes observed in our study.  

Study limitations
The limitations of our study are: small number of ani-
mals in study groups, absence of functional tests to eval-
uate function of salivary glands, absence of assessment 
of clinical state of periodontium. Another limitation of 
our study is that we did not assessed the state of oral mi-
crobiota, which could have played a major role in ob-
served changes. 

Conclusion
Water avoidance stress leads to a decrease in the pro-
duction of nitric oxide in the salivary glands and to an 
increase in the production of nitric oxide in the soft 

periodontal tissues of rats in an L-arginine-dependent 
manner, increases the formation of reactive forms of ox-
ygen and nitrogen, increases the processes of lipid per-
oxidation and damage to protein structures. 

Bacterial lipopolysaccharide leads to an increase in 
the production of nitric oxide in an L-arginine-depen-
dent way both in the salivary glands and in the soft tis-
sues of the periodontium, promotes the formation of 
both deposited and reactive metabolites of nitric oxide, 
intensifies the processes of lipid peroxidation and damage 
to protein structures on against the background of a com-
pensatory increase in the activity of antioxidant enzymes.

The combined effect of bacterial lipopolysaccharide 
and water avoidance stress leads to a decrease in the pro-
duction of nitric oxide in the salivary glands and to an 
increase in its production in the soft tissues of the peri-
odontium of rats in an L-arginine-dependent way, in-
creases the formation of reactive forms of oxygen and 
nitrogen, enhances the processes of lipid peroxidation 
and damage to protein structures against the background 
of exhaustion of the activity of antioxidant enzymes. 

Declarations
Funding
The authors declare no financial support.

Author contributions 
Conceptualization, O.A. and A.M.; Methodology, A.M.; 
Software, O.A.; Validation, V.P., O.T., O.A. and A.M.; 
Formal Analysis, V.P., O.T., O.A. and A.M.; Investiga-
tion, V.P., O.T., O.A. and A.M.; Resources, A.M.; Data 
Curation, A.M. and O.A.; Writing – Original Draft 
Preparation, V.P. and O.T.; Writing – Review & Editing, 
O.A. and A.M.; Visualization, V.P.; Supervision, A.M.; 
Project Administration, O.A. and A.M.; Funding Acqui-
sition, O.A. and A.M.

Conflicts of interest
Authors declare that there is no known conflict of inter-
est regarding this paper. 

Data availability
The data that support the findings of this study are avail-
able from the corresponding author upon reasonable re-
quest.

Ethics approval
All experimental procedures were approved by Bioethi-
cal Committee of Poltava State Medical University (Re-
cord № 212 from 27.01.2023).

References
1.	 Lin TC, Tseng CF, Wang YH, Yu HC, Chang YC. Patients 

with chronic periodontitis present increased risk for pri-
mary Sjögren syndrome: a nationwide population-based 



414 European Journal of Clinical and Experimental Medicine 2024; 22 (2): 404–416

cohort study. Peer J. 2018;6:e5109. doi: 10.7717/peerj.5109
2.	 Shikama Y, Kudo Y, Ishimaru N, Funaki M. Potential Role 

of Free Fatty Acids in the Pathogenesis of Periodontitis and 
Primary Sjögren’s Syndrome. Int J Mol Sci. 2017;18(4):836. 
doi: 10.3390/ijms18040836

3.	 Terrizzi AR, Conti MI, Martínez MP, Fernández-Solari 
J. The Process of Acclimation to Chronic Hypoxia Leads 
to Submandibular Gland and Periodontal Alterations: An 
Insight on the Role of Inflammatory Mediators. Mediators 
Inflamm. 2018;2018:6794508. doi: 10.1155/2018/6794508

4.	 Lin B, Zhao F, Liu Y, et al. Alterations in Oral Microbiota 
of Differentiated Thyroid Carcinoma Patients With Xero-
stomia After Radioiodine Therapy. Front Endocrinol (Lau-
sanne). 2022;13:895970. doi: 10.3389/fendo.2022.895970

5.	 Pussinen PJ, Kopra E, Pietiäinen M, et al. Periodontitis and 
cardiometabolic disorders: The role of lipopolysaccharide 
and endotoxemia. Periodontol 2000. 2022;89(1):19-40. doi: 
10.1111/prd.12433

6.	 Shinomiya T, Kawaguchi M, Okubo M, Kosuge Y, Yoshikawa 
M. mRNA expression and localization of LPS-induced β-de-
fensin isoforms in rat salivary glands. Bull Tokyo Dent Coll. 
2014;55(3):139-147. doi: 10.2209/tdcpublication.55.139

7.	 Seil M, El Ouaaliti M, Abdou Foumekoye S, Pochet S, 
Dehaye JP. Distinct regulation by lipopolysaccharides of 
the expression of interleukin-1β by murine macrophages 
and salivary glands. Innate Immun. 2012;18(1):14-24. doi: 
10.1177/1753425910377101

8.	 Proctor GB, Shaalan AM. Disease-Induced Chang-
es in Salivary Gland Function and the Composition 
of Saliva. J Dent Res. 2021;100(11):1201-1209. doi: 
10.1177/00220345211004842

9.	 Han P, Bartold PM, Ivanovski S. The emerging role of 
small extracellular vesicles in saliva and gingival crevicu-
lar fluid as diagnostics for periodontitis. J Periodontal Res. 
2022;57(1):219-231. doi: 10.1111/jre.12950

10.	 Chen M, Cai W, Zhao S, et al. Oxidative stress-related 
biomarkers in saliva and gingival crevicular fluid associ-
ated with chronic periodontitis: A systematic review and 
meta-analysis. J Clin Periodontol. 2019;46(6):608-622. doi: 
10.1111/jcpe.13112

11.	 Tarasenko LM, Petrushanko TA. Stress and periodontium. 
Poltava; 1999.

12.	 Keremi B, Beck A, Fabian TK, et al. Stress and Salivary 
Glands. Curr Pharm Des. 2017;23(27):4057-4065. doi: 10.
2174/1381612823666170215110648

13.	 Matsytska YK, Akimov OY, Mykytenko AO. Influence of 
corvitin and metformin on biochemical changes in lac-
rimal glands of rats during water avoidance stress mod-
eling. Oftalmologicheskii Zhurnal. 2022;97(3):39-44. doi: 
10.31288/oftalmolzh202233944

14.	 Spector AM, Postolache TT, Akram F, Scott AJ, Wadhawan 
A, Reynolds MA. Psychological Stress: A Predisposing and 
Exacerbating Factor in Periodontitis. Curr Oral Health 
Rep. 2020;7:208-215. doi: 10.1007/s40496-020-00282-2

15.	 Yamamoto K, Takao T, Nakayama J, et al. Water avoid-

ance stress induces frequency through cyclooxygenase-2 
expression: a bladder rat model. Int J Urol. 2012;19(2):155-
162. doi: 10.1111/j.1442-2042.2011.02905.x

16.	 Mykytenko AO, Akimov OY, Neporada KS. Influence of 
lipopolysaccharide on the development of oxidative-nitro-
sative stress in the liver of rats under conditions of chron-
ic alcohol intoxication. Fiziol Zh. 2022;68(2):29-35. doi: 
10.15407/fz68.02.029

17.	 Yelinska AM, Kostenko VO. Combined effects of querce-
tin and modulators of redox sensitive factors on the in-
dicators of systemic inflammatory response, carbohydrate 
and lipid metabolism in rats exposed to intraperitoneal 
and intragingival administration of salmonella typhi lipo-
polysaccharide. Actual Problems of the Modern Medicine: 
Bulletin of Ukrainian Medical Stomatological Academy. 
2020;20(1):13-18. doi: 10.31718/2077-1096.20.1.13

18.	 Lane MB, Flatland B, Olin SJ, Fecteau KA, Rick M, Giori L. 
Analytic performance evaluation of a veterinary-specific 
ELISA for measurement of serum cortisol concentrations 
of dogs. J Am Vet Med Assoc. 2018;253(12):1580-1588. doi: 
10.2460/javma.253.12.1580

19.	 Akimov OYe, Kostenko VO. Functioning of nitric oxide 
cycle in gastric mucosa of rats under excessive combined 
intake of sodium nitrate and fluoride. Ukr Biochem J. 
2016;88(6):70-75. doi: 10.15407/ubj88.06.070

20.	 Yelins’ka AM, Akimov OYe, Kostenko VO. Role of AP-1 
transcriptional factor in development of oxidative and 
nitrosative stress in periodontal tissues during systemic 
inflammatory response. Ukr Biochem J. 2019;91(1):80-85.

21.	 Mykytenko AO, Akimov OYe, Yeroshenko GA, Nepora-
da KS. Influence of NF -κB on the development of oxi-
dative-nitrosative stress in the liver of rats under condi-
tions of chronic alcohol intoxication. Ukr Biochem J. 2022; 
94(6):57-66. doi: 10.15407/ubj94.06.057

22.	 Gérard-Monnier D, Erdelmeier I, Régnard K, Moze-Hen-
ry N, Yadan JC, Chaudière J. Reactions of 1-Meth-
yl-2-phenylindole with Malondialdehyde and 4-Hydroxy-
alkenals. Analytical Applications to a Colorimetric Assay 
of Lipid Peroxidation. Chem Res Toxicol. 1998;11(10):1176-
1183.

23.	 Gaston B, Reilly J, Drazen JM, et al. Endogenous nitrogen 
oxides and bronchodilator S-nitrosothiols in human air-
ways. Proc Natl Acad Sci USA. 1993;90:10957-10961.

24.	 Mykytenko A, Akimov O, Shevchenko O, Neporada K. 
Role of sulfide anion in the development of chronic al-
coholic hepatitis under the conditions of modulation of 
adenosine monophosphate kinase – a correlational study. 
Eur J Clin Exp Med. 2023;21(3):567-575. doi: 10.15584/
ejcem.2023.3.24

25.	 Beregova TV, Neporada KS, Skrypnyk M, et al. Efficacy 
of nanoceria for periodontal tissues alteration in glu-
tamate-induced obese rats-multidisciplinary consider-
ations for personalized dentistry and prevention. EPMA J. 
2017;8(1):43-49. doi: 10.1007/s13167-017-0085-7

26.	 Feura ES, Yang L, Schoenfisch MH. Antibacterial ac-



415Effect of lipopolysaccharide on the development of oxidative-nitrosative stress in salivary glands and soft periodontal tissues…

tivity of nitric oxide-releasing carboxymethylcellulose 
against periodontal pathogens. J Biomed Mater Res A. 
2021;109(5):713-721. doi: 10.1002/jbm.a.37056

27.	 Borisov VB, Forte E. Bioenergetics and Reactive Nitrogen 
Species in Bacteria. Int J Mol Sci. 2022;23(13):7321. doi: 
10.3390/ijms23137321

28.	 Galler KM, Weber M, Korkmaz Y, Widbiller M, Feuer-
er M. Inflammatory Response Mechanisms of the Den-
tine-Pulp Complex and the Periapical Tissues. Int J Mol 
Sci. 2021;22(3):1480. doi: 10.3390/ijms22031480

29.	 Yilmaz M, Demir E, Gürsoy M, Firatli E, Loimaranta V, 
Gürsoy UK. Salivary levels of BAFF, TWEAK, and soluble 
CD163 and salivary arginase activity before and after peri-
odontal treatment. J Periodontal Res. 2023;58(3):646-654. 
doi: 10.1111/jre.13124

30.	 Silva MLF, Alves PM, Souza DM, et al. Analysis of Mac-
rophage Activation Markers in an Experimental Model 
of Cutaneous Leishmaniasis Treated with Photodynamic 
Therapy Mediated by 5-Aminolevulinic Acid. Photobio-
modul Photomed Laser Surg. 2019;37(5):298-304. doi: 
10.1089/photob.2018.4574

31.	 Oliveira-Brito PKM, Rezende CP, Almeida F, Roque-Bar-
reira MC, da Silva TA. iNOS/Arginase-1 expression in 
the pulmonary tissue over time during Cryptococcus 
gattii infection. Innate Immun. 2020;26(2):117-129. doi: 
10.1177/1753425919869436

32.	 Gao JM, Yi SQ, Wu MS, et al. Investigation of infectivity 
of neonates and adults from different rat strains to Toxo-
plasma gondii Prugniaud shows both variation which cor-
relates with iNOS and Arginase-1 activity and increased 
susceptibility of neonates to infection. Exp Parasitol. 
2015;149:47-53. doi: 10.1016/j.exppara.2014.12.008

33.	 Dong J, Qu Y, Li J, et al. Cortisol inhibits NF-κB and 
MAPK pathways in LPS activated bovine endometrial 
epithelial cells. Int Immunopharmacol. 2018;56:71-77. doi: 
10.1016/j.intimp.2018.01.021 

34.	 Gurel SG, Sogut I, Hurdag C, Gurel A, Tutar A, Cikler-Dulg-
er E. Effect of fulvic acid on gastric mucosa damage caused 
by chronic water avoidance stress. Biotech Histochem. 
2022;97(3):199-206. doi: 10.1080/10520295.2021.1926541

35.	 Traini C, Idrizaj E, Garella R, et al. Otilonium Bromide 
treatment prevents nitrergic functional and morphologi-
cal changes caused by chronic stress in the distal colon of 
a rat IBS model. J Cell Mol Med. 2021;25(14):6988-7000. 
doi: 10.1111/jcmm.16710

36.	 McKendrick JG, Emmerson E. The role of salivary gland 
macrophages in infection, disease and repair. Int Rev Cell 
Mol Biol. 2022;368:1-34. doi: 10.1016/bs.ircmb.2022.02.001

37.	 Oliveira-Paula GH, Pinheiro LC, Tanus-Santos JE. Mech-
anisms impairing blood pressure responses to nitrite 
and nitrate. Nitric Oxide. 2019;85:35-43. doi: 10.1016/j.
niox.2019.01.015

38.	 Wu Y, Ding Y, Ramprasath T, Zou MH. Oxidative Stress, 
GTPCH1, and Endothelial Nitric Oxide Synthase Un-
coupling in Hypertension. Antioxid Redox Signal. 

2021;34(9):750-764. doi: 10.1089/ars.2020.8112
39.	 Du J, Zhu M, Bao H, et al. The Role of Nutrients 

in Protecting Mitochondrial Function and Neu-
rotransmitter Signaling: Implications for the Treat-
ment of Depression, PTSD, and Suicidal Behaviors. 
Crit Rev Food Sci Nutr. 2016;56(15):2560-2578. doi: 
10.1080/10408398.2013.876960

40.	 Uchiyama J, Akiyama M, Hase K, Kumagai Y, Kim YG. 
Gut microbiota reinforce host antioxidant capacity 
via the generation of reactive sulfur species. Cell Rep. 
2022;38(10):110479. doi: 10.1016/j.celrep.2022.110479

41.	 Orecchioni M, Ghosheh Y, Pramod AB, Ley K. Mac-
rophage Polarization: Different Gene Signatures in 
M1(LPS+) vs. Classically and M2(LPS-) vs. Alternatively 
Activated Macrophages. Front Immunol. 2019;10:1084. 
doi: 10.3389/fimmu.2019.01084

42.	Liu L, Guo H, Song A, et al. Progranulin inhibits LPS-in-
duced macrophage M1 polarization via NF-кB and MAPK 
pathways. BMC Immunol. 2020;21(1):32. doi: 10.1186/
s12865-020-00355-y

43.	 Ives A, Nomura J, Martinon F, et al. Xanthine oxidoreduc-
tase regulates macrophage IL1β secretion upon NLRP3 in-
flammasome activation. Nat Commun. 2015;6:6555. doi: 
10.1038/ncomms7555

44.	Wu L, Zhou C, Wu J, Chen S, Tian Z, Du Q. Corticosterone 
Inhibits LPS-Induced NLRP3 Inflammasome Priming in 
Macrophages by Suppressing Xanthine Oxidase. Mediators 
Inflamm. 2020;2020:6959741. doi: 10.1155/2020/6959741

45.	 Kim EN, Jeong GS. Inhibitory Effect of Periodontitis 
through C/EBP and 11β-Hydroxysteroid Dehydrogenase 
Type 1 Regulation of Betulin Isolated from the Bark of 
Betula platyphylla. Pharmaceutics. 2022;14(9):1868. doi: 
10.3390/pharmaceutics14091868

46.	 Plecitá-Hlavatá L, Engstová H, Holendová B, et al. Mi-
tochondrial Superoxide Production Decreases on Glu-
cose-Stimulated Insulin Secretion in Pancreatic β Cells 
Due to Decreasing Mitochondrial Matrix NADH/NAD+ 
Ratio. Antioxid Redox Signal. 2020;33(12):789-815. doi: 
10.1089/ars.2019.7800

47.	 Wang Y, Liu Z, Liu C, Liu R, Yang C, Wang L, Song L. 
Cortisol modulates glucose metabolism and oxidative re-
sponse after acute high temperature stress in Pacific oyster 
Crassostrea gigas. Fish Shellfish Immunol. 2022;126:141-
149. doi: 10.1016/j.fsi.2022.05.010

48.	 Saruta J, To M, Sakaguchi W, Kondo Y, Tsukinoki K. 
Brain-derived neurotrophic factor is related to stress and 
chewing in saliva and salivary glands. Jpn Dent Sci Rev. 
2020;56(1):43-49. doi: 10.1016/j.jdsr.2019.11.001

49.	 Almohaimeed HM, Albadawi EA, Mohammedsaleh ZM, 
et al. Brain-derived Neurotropic factor (BDNF) medi-
ates the protective effect of Cucurbita pepo L. on salivary 
glands of rats exposed to chronic stress evident by struc-
tural, biochemical and molecular study. J Appl Oral Sci. 
2021;29:e20201080. doi: 10.1590/1678-7757-2020-1080

50.	 Paudel D, Kuramitsu Y, Uehara O, et al. Proteomic and 



416 European Journal of Clinical and Experimental Medicine 2024; 22 (2): 404–416

microbiota analyses of the oral cavity during psycholog-
ical stress. PLoS One. 2022;17(5):e0268155. doi: 10.1371/
journal.pone.0268155

51.	 Chen H, Feng X, Yang Q, Yang K, Man S. Expression 
Pattern and Value of Brain-Derived Neurotrophic Fac-
tor in Periodontitis. Int Dent J. 2023;73(4):542-549. doi: 
10.1016/j.identj.2023.03.002

52.	 Shi J, Song S, Wu K, Liang G, Wang A, Xu X. Role of 
brain-derived neurotrophic factor in endotoxaemia-in-
duced acute lung injury. Exp Physiol. 2023;108(12):1456-
1465. doi: 10.1113/EP091228

53.	 Huang Q, Wu M, Wu X, Zhang Y, Xia Y. Muscle-to-tu-

mor crosstalk: The effect of exercise-induced myokine 
on cancer progression. Biochim Biophys Acta Rev Cancer. 
2022;1877(5):188761. doi: 10.1016/j.bbcan.2022.188761

54.	 Montone RA, Camilli M, Del Buono MG, et al. Brain-de-
rived neurotrophic factor in patients with acute coronary 
syndrome. Transl Res. 2021;231:39-54. doi: 10.1016/j.
trsl.2020.11.006

55.	 Claro AE, Palanza C, Mazza M, et al. Why do we not re-
verse the path? Stress can cause depression, reduction of 
brain-derived neurotrophic factor and increased inflam-
mation. World J Psychiatry. 2022;12(9):1264-1267. doi: 
10.5498/wjp.v12.i9.1264



417Genetic factors contributing to the development of inguinal hernias – a narrative review

This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY 4.0) license.

http://www.ejcem.ur.edu.pl
European Journal of Clinical and Experimental Medicine 

Eur J Clin Exp Med 2024; 22 (2): 417–423

Genetic factors contributing to the development  
of inguinal hernias – a narrative review 

Datis Kalali  

Medical School, University of Cyprus, Nicosia, Cyprus

ABSTRACT
Introduction and aim. Inguinal hernias are one of the major disorders in the field of general and visceral surgery and can 
be viewed as multifactorial diseases. Although the molecular mechanism that led to predistortion to inguinal herniation 
still remain unclear, is well known that defects leading to improper closure of the inguinal canal during fetal development 
and mechanisms contributing to weaker muscles of the abdominal wall can greatly increase the risk of developing the lat-
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Material and methods. A literature search was performed in all major electronic databases using keywords and Boolean op-
erators to retrieve all available literature related to the topic. Due to the narrative nature of the review, there were no specific 
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Analysis of the literature. Genetic factors, undoubtedly, can interfere with these mechanisms and therefore play major role in 
developing hernias. To this end, the present narrative review provides an overview of genes with altered expression and ge-
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Introduction 
The inguinal canal is an oblique tubular passage that 
runs in the lower abdominal wall, exactly above the 
groin region, containing the spermatic chord in males 
and the round ligament of the uterus in females. An 
inguinal hernia is formed when abdominal viscera 
protrude through the inguinal canal, and is usually 
presented as bulges in the groin. Inguinal hernias are 
indeed one of the most prevalent clinical conditions, 
with a prevalence of approximately 9.61% in men and 
1.31% in women globally.1 They are classified into di-
rect hernias, which are those that are characterized 

by protrusion through the wall of the inguinal canal, 
and indirect hernias, which are formed by protrusion 
through the inguinal ring.2,3 Indirect inguinal hernias 
are more common in children and usually occur due 
to birth defects of the inguinal canal opening that al-
low the protrusion of abdominal viscera through the 
canal.4,5 Direct inguinal hernias, on the other hand, are 
more common in middle-aged and older patients and 
are often caused by the weaking of the abdominal mus-
culature.4 

Today, the only existing method of treating ingui-
nal hernias, is through open or laparoscopic surgery.6 
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However, there is still a chance that the hernia reoc-
curs even after a successful surgical operation, making 
the disease a heavier burden for the patient.7 Differ-
ent factors have been identified that increase the risk 
of developing direct and indirect inguinal hernias, as 
well as the risk of post-surgery recurrence.8,9 Recently, 
studies have also shown that different genetic factors 
may also increase the risk of developing both direct 
and indirect inguinal hernias, suggesting that they can 
be studied as multifactorial diseases.4 Indeed, several 
studies have been able to identify strong inheritance 
patterns of predisposition to inguinal hernias amongst 
different families.10 This would allow clinicians and re-
searchers to gain better insights into the prevention of 
inguinal hernias and provide patients with more infor-
mation on the risk of post-surgery recurrence through 
means of molecular testing. 

Aim
The present narrative review, aims to explore the role 
of genetics in the development of inguinal hernias has 
been analyzed in detail, with the hope of providing an 
overview of the current available evidence.

Material and methods
A systematic search was performed in the electron-
ic databases of PubMed, Scopus, EMBASE and Google 
Scholar to retrieve all available literature on the role of 
genetic factors in inguinal herniation. A combination 
of the keywords “Genetics”, “Genes”, “GWAS”, “Ingui-
nal”, “Hernias” and “Herniation” were used in combi-
nation with the operators “AND” and “OR”. Due to the 
narrative nature of the review, there were no specific in-
clusion and exclusion criteria. Overall, all articles, in-
cluding original research and reviews, written in the 
English language and with relevant information were 
included in the synthesis of the review.

Analysis of the literature
Molecular mechanisms of inguinal hernia development
There are various molecular mechanisms that can in-
crease the predisposition of developing inguinal her-
nias. A broader understanding of these mechanisms 
is required in order to comprehend the genetic back-
grounds of inguinal herniation. 

The role of the extracellular matrix in inguinal hernias 
The extracellular matrix (ECM), is one of the import-
ant factors contributing to the pathogenesis process 
of inguinal hernias.4 Indeed, the composition of the 
ECM can determine the strength of the lower abdom-
inal wall muscles and therefore contribute to direct 
herniation.11 Moreover, research has shown that the 
ECM plays a crucial role in fetal morphogenesis and 
thus, defects in the ECM can cause inadequate closure 

of the inguinal ring, contributing to the formation of 
indirect hernias, especially in children.12,13 Two of the 
main components of the extracellular matrix are colla-
gen and elastin fibers, which have been related to many 
genetic disorders and predisposition to various diseas-
es.14 Indeed, regarding inguinal hernias, researchers 
have discovered that the total quantity of collagen, es-
pecially that of type I collagen is significantly less in 
the fascia transversalis and peritoneal samples of most 
patients with direct or indirect inguinal hernias.15 On 
the other hand, the quantity of collagen type III has 
been found to be increased in the fascia transversalis 
of patients with inguinal hernias.16 It is known that col-
lagen type III is characterized by less mechanical re-
sistance and is associated with fragility and decreased 
collagen alignment in the ECM.17 Thereby, a substitu-
tion of type I collagen by type III collagen may result 
in higher predisposition to inguinal hernias. In fact, 
studies have found that the collagen type I/III ratio is 
higher in the abdominal wall and peritoneum of pa-
tients with inguinal hernias, but no statistically signif-
icant difference has been found between patients with 
direct and indirect hernias.18 Simultaneously, elastin fi-
ber levels have been found to be decreased in patients 
with both direct and indirect inguinal hernias and con-
tribute to weaker muscles of the abdominal wall.18,19 It 
is also worth mentioning that other proteins and gly-
coproteins such as fibulins, fibronectin and tenascins 
are of high significance in the structure and mechani-
cal resistance of the ECM.20 Indeed, it has been discov-
ered that in patients with direct and indirect inguinal 
hernias, the expression of fibulin-3 is downregulated.21 
Furthermore, patients with Ehlers-Danlos Syndrome 
who present tenascin-X deficiency are at a higher risk 
of developing inguinal hernias.22 However, regarding 
fibronectins, no correlation has been yet found with 
inguinal herniation in human samples.23 

The role of growth and differentiation factors in inguinal 
hernias
The formation of the inguinal canal begins around 8 to 
10 weeks after gestation and is the route for testicular 
decent in male fetuses.24 The formation and closure of 
the canal, nonetheless, continue until the final stages of 
gestation up to the third trimester and any defects in 
the process may result in higher predisposition to in-
direct inguinal herniation.24,25 Studies have found that 
factors contributing to smooth muscle cell differenti-
ation in the fetus may result in defects of the ingui-
nal canal in children.26 Moreover, it has been suggested 
that the production of androgens and epithelial trans-
formation factors contribute to the formation of the 
inguinal canal, and therefore defects in these mecha-
nisms may result in higher risks of developing indirect 
inguinal hernias.27
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Figure 1 presents a summary of the molecular 
mechanisms contributing to predisposition to inguinal 
herniation. 

Fig. 1. Molecular mechanisms contributing to 
predisposition to inguinal herniation 

Genes and genetic polymorphisms related to inguinal 
hernias
In the recent years, many genes have been found to be 
related to inguinal hernias and some of their polymor-
phisms have been statistically associated with higher 
risk of herniation.4 Hence, these genes have been over-
viewed in this review article.

Collagen genes 
The collagen genes, especially those coding for type I 
collagen have been found to be associated with both di-
rect and indirect inguinal hernias. Indeed, Sezer et.al 
found that the +1245G/T polymorphisms in the colla-
gen type I alpha 1 (COL1A1) gene are associated with 
inguinal herniation, finding approximately fourfold 
odds of the polymorphisms in patients with direct and 
indirect inguinal hernias, compared to controls.28 This 
polymorphism has also been associated with other con-
ditions such as osteoporosis and predisposition to cruci-
ate ligament injuries and is not specific to the abdominal 
wall.29,30 Moreover, a cohort study in 2022 concluded 
that the hazard ratio of inguinal herniation was approx-
imately twofold in a population with collagenopathies 
compared to initially healthy individuals.31

The elastin gene 
The elastin gene (ELN) codes for the protein tropoelas-
tin is another very significant component of the ECM.32 
A case-control study by Rodrigues et.al identified that 
the point missense mutation g28197A>G in the ELN 
gene leading to an amino acid substitution in the hydro-
phobic domain of tropoelastin, is significantly associated 
with direct inguinal herniation.33 It is also worth men-
tioning that the 2012DeltaG and 2039DeltaC frameshift 
mutations in the ELN gene have been found to be asso-

ciated with congenital cutis laxa, a disease reported to 
increase predisposition to inguinal herniation.34,35 

Matrix metalloproteinase genes
The matrix metalloproteinase (MMP) genes as well as 
their tissue inhibitors genes (TIMPs) are known to be 
linked to the composition of the ECM and collagen 
expression within the matrix.36,37 In the case of ingui-
nal hernias, tissue samples obtained from the abdomi-
nal wall have shown upregulation of MMP-1, MMP-2, 
MMP-9 and MMP-13 and simultaneously, downregula-
tion of the inhibitors TIMP-1, TIMP-2 and TIMP-3.38-40 
Nevertheless, a search conducted from inception until 
May 2023 in the PubMed and SCOPUS databases re-
trieved no study relating polymorphisms of these genes 
with inguinal herniation, suggesting that such studies 
have not been conducted yet.  

The Wilms tumor protein gene
The Wilms tumor protein gene (WT1) codes for a tran-
scription factor, responsible for the development of the 
urogenital system and has been associated with the de-
velopment of certain malignancies including nephro-
blastoma and hematological cancers.41 Interestingly, the 
rs3809060 polymorphism of the gene has been found to 
be associated with inguinal hernias, where the GT and TT 
genotypes increase the risk of herniation in adult males.42

The EGF-containing fibulin-like extracellular matrix pro-
tein-1 gene
The EGF-containing fibulin-like extracellular matrix 
protein-1 gene (EFEMP1) is another very significant 
protein regulating the composition of the extracellu-
lar matrix.43 Peng et.al, discovered that the expression 
of EFEMP1 is downregulated in the fascia transversa-
lis of patients with direct inguinal hernias compared to 
apparently healthy controls.21 Furthermore, it has been 
discovered that the EFEMP1 rs2009262 polymorphism 
is associated with inguinal hernias adults, where the TC 
and CC genotypes in females increase the risk of herni-
ation in adult females.42 

The T-box transcription factor genes
The T-box transcription factors are a family of proteins 
vital for embryonic development, including the devel-
opment of the abdominal cavity and the genitourinary 
system.44 The T-box transcription factor 2 (TBX2) and 
T-box transcription factor 3 (TBX3) genes have been 
found to be related to predisposition to indirect inguinal 
hernias.45,46 In fact, the g.59476307G>C DNA sequence 
variant (DSV) within the TBX2 promoter gene has been 
found to be connected with indirect herniation.45 Sim-
ilarly, the deletion variant g.4820_4821del within the 
TBX3 gene promoter, has been found to significantly 
decrease the promoter’s activity and as a result lead to 
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herniation predisposition.46 These polymorphisms have 
been found to be correlated to the development of other 
embryological development disorders such as ventricu-
lar septal defects and thus, are not specific only to ingui-
nal herniation risk.47,48

The lysyl oxidase like-1 gene
The lysyl oxidase like-1 gene encodes for an en-
zyme necessary for the biosynthesis of elastin and the 
cross-linking of collagen molecules.49 A study by Pas-
cual et.al, discovered that the expression of the enzyme 
is significantly downregulated in the fascia transversalis 
of patients with direct inguinal hernias.50 The downreg-
ulation of LOX1, leads to the formation of a mechani-
cally weaker ECM with less elastin fibers and therefore 
contributes to the process of herniation.51

Sirtuin genes
The sirtuin (SIRT) gene family, encoding for a total of 
seven significant proteins, has been found to contrib-
ute to muscle formation and differentiation and act as 
transcription factors.52 In the case of inguinal hernias, it 
has been discovered that expression of the SIRT1 gene 
is correlated with incomplete closure of the inguinal ca-
nal and thus, indirect inguinal herniation. In fact, two 
DSVs namely g.69644213G>A and g.69644268T>A, 
and one single nucleotide polymorphism (SNP), 
g.69643707A>C of the SIRT1 gene, have been found to 
increase the risk of developing indirect inguinal hernias 
in a case-control study.53

Table 1 summarizes all genetic variations relating to 
inguinal hernia predisposition. 

Table 1. Genetic variations increasing the risk for inguinal 
herniation
Gene Variation Type of 

variation
Subtype of inguinal 
hernias associated

References

COL1A1 +1245G/T
Insertion 

polymorphism
Direct and indirect 

inguinal hernias
28

ELN g28197A>G SNP
Direct and indirect 

inguinal hernias
33

WT1 rs3809060 SNP
Direct and indirect 

inguinal hernias (Males 
only)

42

EFEMP1 rs2009262 SNP
Direct and indirect 

inguinal hernias  
(Females only)

42

TBX2 g.59476307G>C DSV Indirect inguinal hernias 45

TBX3 g.4820_4821del DSV Indirect inguinal hernias 46

SIRT1

g.69644213G>A DSV Indirect inguinal hernias
53g.69644268T>A DSV Indirect inguinal hernias

g.69643707A>C SNP Indirect inguinal hernias

Genome-wide association studies on inguinal hernias  
Several genome-wide association studies (GWAS) have 
been conducted in order to identify significant genes 
and susceptible genetic loci related to inguinal hernias. 

Until today, five GWAS have been conducted in the UK, 
Japan and the USA, some in multiethnic populations, 
and they have reported significant results.54-58 Table 2 
summarizes the characteristics of these GWAS. 

Table 2. Genome-wide association studies on inguinal 
hernias
Study Year Country Patients Controls Number of loci 

identified

Jorgenson et al.54 2015 USA 5295 67,510 4

Hikino et al.55 2021 Japan 1983 172,507 23

Ahmed et al.56 2022 UK 18,791 93,955 24

Choquet et al.57 2022 USA (multiethnic) 33,491 694,927 63

Fadista et al.58 2022 UK 28,707 343,103 69

Overall, numerous susceptibility loci have been 
identified, out of which some include the genes which 
had been screened in previous smaller case-control 
studies, such as ELN, WT1, EFEMP1 and LOX1.54,55,57,58 
Sex-specific genes in males have also been reported to 
be included as susceptibility loci in inguinal hernias.57 
It is worth mentioning that two studies screened genet-
ic loci for different types of hernias and some suscepti-
bility loci overlapped in different types of herniation.56,58

Discussion
Although the molecular mechanisms contributing to 
inguinal herniation are not yet fully comprehended, it 
is clear that genetic factors do indeed contribute to the 
formation of both direct and indirect inguinal hernias4. 
Moreover, studies have shown that certain genetic poly-
morphisms associated with inguinal herniation such 
as the WT1 polymorphism are sex-specific rs3809060 
and this could explain the higher prevalence of ingui-
nal herniation amongst males.42 With so many genet-
ic polymorphisms and susceptibility loci found to be 
associated with inguinal herniation, the condition can 
henceforth be viewed as a multifactorial disease. This 
would mean that surgeons and pathologists could also 
possibly include means of molecular testing in cases 
of inguinal hernias to provide themselves and patients 
with better clinical images. 

Nevertheless, there are still some genes such as 
MMPs and TIMPs which have been shown to present 
altered expression levels in patients with inguinal her-
nias, but the relationship between their polymorphisms 
and inguinal herniation is still unknown.38,39 

Conclusion
Therefore, more studies need to be conducted in this 
direction so as to discover whether polymorphisms of 
the genes are associated with the disease or even discov-
er epigenetic mechanisms which alter their expression. 
Moreover, the majority of the genome-wide associa-
tion studies for inguinal hernias, except one multiethnic 
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study in the USA, have been conducted in Caucasian 
and Asian population. Hence, more studies are required 
in other ethnic populations so as to decrease the risk of 
reporting biased results. It is also worth mentioning that 
most studies are conducted mainly on male populations 
and thus it is difficult to generalize the results amongst 
the population, indicating the need for conducting fur-
ther studies involving both males and females in a nor-
malized distribution. 
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ABSTRACT
Introduction and aim. Androgenetic alopecia, with a mechanism based on the excessive response of hair follicles to andro-
gens, affects a majority of people at some point in their lives, prompting them to seek therapy. Current treatment options for 
this condition include oral minoxidil, a medication associated with an adverse effect of fluid retention, potentially resulting in 
weight gain for certain individuals. In contemporary scientific literature, there aren’t many articles focusing solely on this specif-
ic side effect. The objective of this review is to explore links between taking oral minoxidil and fluid retention leading to weight 
gain in patients with androgenetic alopecia by examining available studies in order to understand the mechanisms behind this 
phenomenon and the dose dependence of fluid retention.
Material and methods. A review of the literature was performed to find connections between oral minoxidil therapy and water 
retention-induced weight gain. 
Analysis of the literature. Clinical trials have demonstrated that low dose oral minoxidil therapy, within the range of 0.5 to 5 
mg daily, leads to an improvement in both hair count and density. The incidence of side effects such as hypertrichosis, fluid 
retention, headache, dizziness, and insomnia, is relatively infrequent. Fluid retention rates varied between 0.22% in the Tanaka 
study and 10% of patients in the Panchaprateep study. The discontinuation of treatment was necessary in some instances, with 
the highest rate of 2.4% cases in the Jimenez-Cauhe study. A comparative analysis of studies on oral minoxidil use for refractory 
hypertension, within the range of 10 to 40 mg daily, revealed that nearly all patients required adding a diuretic to control flu-
id retention. Some patients discontinued the treatment due to the severity of side effects. In instances of minoxidil overdose, 
serious complications, including generalized edema, myocardial infarction, stroke, and pleural effusion, were observed. Across 
these studies, all patients recovered following the discontinuation of minoxidil treatment. The underlying mechanism behind 
oral minoxidil induced sodium and fluid retention, contributing to weight gain, is associated with alterations in the neurohu-
moral system, increased plasma renin activity, changes in renal hemodynamics with relocation of the blood circulation from 
outer to inner cortex, and tubular effect that can be connected to minoxidil ability to act as an opener of potassium channels 
in the thick ascending limb of the loop of Henle causing greater reabsorption of sodium and chloride.
Conclusion. The frequency and severity of water retention promoting weight gain in individuals taking oral minoxidil are dose 
dependent. In most patients, minoxidil is a safe and effective treatment option for androgenetic alopecia. In some cases, due 
to rapid weight gain of 5 pounds or more, adding a diuretic or discontinuation may be required. Further research is necessary 
to better understand the mechanisms and dose dependence of minoxidil induced fluid retention, which promotes weight gain.
Keywords. androgenetic alopecia, fluid retention, minoxidil side effects, oral minoxidil
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Introduction
Androgenetic alopecia (AGA) is a condition preset by 
genetic factors that affects up to 50% of men and wom-
en.1 The underlying process leading to AGA is an exces-
sive response of hair follicles to androgens.2 Over time, 
dihydrotestosterone (DHT) causes the gradual minia-
turization of terminal hair, leading to balding especially 
of the temples and the crown. Hair is an important part 
of an individual’s self-image, thus the consequences of 
androgenetic alopecia are largely psychological.1,2 Ac-
cording to recent studies, approximately 60% of women 
and 30% of men suffering from AGA experience emo-
tional distress that can lead to anxiety and depression.3 
Nowadays, therapies for AGA include oral minoxidil, 
oral finasteride and dutasteride, platelet-rich plasma, 
low-level light therapy, and hair transplantation.4 Mi-
noxidil, being a direct acting peripheral vasodilator, was 
first introduced to general medicine in the 1970s as a 
treatment for refractory hypertension. The initial trials 
of this drug displayed an adverse effect of hypertricho-
sis in 80% of patients, which led in 1981 to the devel-
opment of a topical minoxidil solution and in 1987 to 
creating low dose oral minoxidil (LDOM) therapy for 
AGA.5 However, despite causing improvements in both 
hair diameter and density, the medicine seems to have 
also an array of possible adverse effects, such as weight 
gain, fluid retention, pericardial effusion, hypertricho-
sis, hirsutism, GI intolerance, hypotension, tachycardia, 
headache, periorbital oedema, and insomnia.6-8

Aim
In this review, we aim to explore the prevalence and 
mechanisms of oral minoxidil induced water retention 
leading to weight gain in patients with AGA.

Material and methods
For this review, PubMed, Medline, and Google Scholar 
were searched to find articles concerning the impact of 
LDOM therapy for AGA and the prevalence of adverse 
effects, with an emphasis on fluid retention leading to 
possible weight gain. As a comparison, we also analyzed 
minoxidil treatment for refractory hypertension and 
oral minoxidil overdose. We performed a search using 
the keywords “androgenetic alopecia”, “oral minoxidil”, 
“low dose oral minoxidil”, “minoxidil adverse effects”, 
“minoxidil fluid retention”, “minoxidil weight gain.”

Articles underwent a careful analysis and were in-
cluded based on their relevance to our review. The inclu-
sion criteria encompassed abstracts and full text-format 
published articles, including review articles, random-
ized control trials, and clinical trials, written in English. 
We excluded duplicates and articles irrelevant to our 
topic. The initial search, employing the keywords and 
criteria present in this study, resulted in identification 
of 237 publications consisting of abstracts and full texts. 

Following this, duplicate and irrelevant scientific papers 
were excluded. Figure 1 illustrates the inclusion and ex-
clusion criteria applied during this process. Subsequent-
ly, a total of 115 manuscripts were identified for detailed 
evaluation, which led to the selection of 42 articles and 
reports that are incorporated in this literature review.

Fig. 1. A flow chart figure displaying the sequential 
steps from the initiation of the literature research to the 
finalization of chosen publications

Analysis of the literature
Hair anatomy and hair growth cycle
Hair is a structure that consists of terminally differen-
tiated keratinized dead cells. In its composition, we can 
distinguish the follicle and the shaft (Fig. 2).9 The di-
vision of the hair follicle separates the upper part, in-
cluding the infundibulum and the isthmus, from the 
lower part, consisting of the bulb and the suprabulbar 
region. The bulb includes the dermal papilla that is a 
group of specialized mesenchymal fibroblasts, capillar-
ies along with nerve endings, and the hair matrix built 
by quickly proliferating keratinocytes. Hair follicles re-
main anchored in the subcutis layer and undergo the 
phases of the hair growth cycle. The hair shaft, built by 
trichocytes, is visible above the skin.9-11 The normal hair 
growth cycle (Fig. 3) is divided into 4 phases: growth 
(anagen), involution (catagen), resting (telogen), and 
shedding (exogen).9,12 The anagen phase lasts 2-7 years, 
which makes it the longest part of the cycle. In this 
phase, cells at the lower part of the hair divide rapid-
ly, simultaneously cells of the matrix migrate outward. 
The catagen phase lasts around 3 weeks and is a peri-
od of short transition. In this phase, the hair shafts lose 
their connections to the papillae and contract. The telo-
gen phase lasts around 3 months. In this phase, the ma-
trix regresses and the papilla retracts to a location near 
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the bulge. No significant proliferation or apoptosis hap-
pens in this phase. In the exogen phase, active hair shed 
and new hair continue to grow.9

Fig 2. Anatomy of the hair9

Fig 3. Hair growth cycle9

At any given moment, around 85–90% of the hair 
remains in the anagen phase, 2% of the follicles are in 
the catagen phase, and 10–15% in the telogen phase.12,13 

However, according to the newest data, this percentage 
of telogen hair can be overestimated, and in reality, only 
3.6% remain in this phase.14

Androgenetic alopecia
Androgenetic alopecia is the most prevalent type of hair 
loss worldwide and affects approximately 30% of men 
and 20% of women in their 30s, increasing to 50% of men 
and 40% of women in their 50s. This further increases to 
80% of men and 50% of women by the time they reach 
their 70s. The disease starts after puberty, progresses with 
age, and is the most common among Caucasians.1,2,12,15-17 
Hair loss usually starts after puberty on the frontal hair-
line with bitemporal recession, subsequently it’s followed 
by diffuse thinning of the hair and eventually balding on 
the vertex. As AGA progresses, the bald spot at the crown 
connects with the frontal receding hairline, leaving only 
an island of hair at the frontal scalp. With the further pro-
gression of AGA, the island disappears. At this point, hair 
is left only in the occipital and parietal zones. The Ham-
ilton Norwood scale is typically used to analyze the de-

gree of AGA in men, while the Ludwig scale is used to 
assess the extent of AGA in women. AGA might be a fac-
tor contributing to a higher risk of type 2 diabetes, car-
diovascular disease, and benign prostatic hyperplasia.18-23 
The mechanism of AGA has both a genetic and hormonal 
background, with excessive response of the hair follicles 
to androgens being the main factor. Over time andro-
gens promote gradual miniaturization of terminal hair 
into intermediate and vellus hair. This process clinically 
manifests itself as continuous hair shortening and thin-
ning, leading to hair loss among patients with AGA.12,24 
Moreover, elevated blood levels of dihydrotestosterone 
and 5-alpha reductase type 2 are frequent in patients with 
AGA. DHT has 10 times higher affinity to androgen re-
ceptors and is a strong hormone promoting the develop-
ment of male characteristics, whereas 5-alpha reductase 
type 2 is an enzyme converting testosterone into DHT in 
the hair follicles. Even though blood levels of testosterone 
may not vary between patients with and not affected by 
AGA, the blood concentrations of unbound testosterone 
are elevated in individuals with AGA.1,12,25 AGA is usually 
perceived as a minor dermatologic condition. However, it 
has been observed that about 60% of female patients and 
30% of male patients with AGA frequently suffer from 
emotional distress, leading to anxiety as well as depres-
sion.2,3

Nowadays, there are continuously more new treat-
ment options available for AGA. These include topical 
and oral minoxidil, topical and oral finasteride, oral spi-
ronolactone, topical pyrilutamide, intradermal botox 
injections, platelet-rich plasma, low-level light therapy, 
microneedling, and finally hair transplant. In this re-
view, we’re going to focus solely on the increasingly pop-
ular off- label use of oral minoxidil therapy for AGA.12,15 

Hypertension 
In this literature review, along with exploring the impact 
of LDOM treatment on patients with androgenetic alo-
pecia, we’re also reporting the adverse effects associated 
with the use of higher doses of oral minoxidil therapy 
among individuals with refractory hypertension. High 
blood pressure, being one of the most frequently occur-
ring chronic illnesses leading to premature deaths in the 
world population, is defined as average systolic blood 
pressure (SBP)   ≥ 140 mmHg, average diastolic blood 
pressure (DBP) ≥ 90 mmHg, or usage of antihyperten-
sive agents.26 Resistant hypertension, being the most se-
vere form of hypertension, can be diagnosed when more 
than 3 antihypertensive drugs (diuretic included) be-
longing to different classes at the highest doses recom-
mended are not able to reduce the blood pressure.26-28 

Minoxidil 
Oral minoxidil is a direct acting arteriolar vasodilator. 
The drug was first introduced in general medicine in 
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the 1970s as a treatment option for refractory hyperten-
sion, dosed at 10 to 40 mg daily with a maximal recom-
mended dose not exceeding 100 mg.5,6,29,30 Even though 
minoxidil has a plasma half-life of approximately 3 to 4 
hours, its  blood pressure lowering effect may persist for 
up to 72 hours, which implies the accumulation of the 
drug in the body.

As a result of reaction with sulfotransferase, mi-
noxidil transforms into minoxidil sulfate. Being the ac-
tive metabolite, minoxidil sulfate opens ATP-sensitive 
K+ channels located in arterial smooth muscle cells, 
leading to hyperpolarization of the sarcolemma, which 
inhibits Ca2+ entry and causes vasodilation. This mech-
anism promotes hypotensive effect. Minoxidil induced 
arteriolar vasodilation can activate the sympathetic ner-
vous system through aortic and carotid baroreceptors 
impulses, causing tachycardia, as well as an increased 
plasma renin activity that leads to aldosterone synthe-
sis. That’s why, when used among patients with resistant 
hypertension, minoxidil should be prescribed along 
with beta blocker to prevent tachycardia and a diuretic 
to avoid sodium and fluid retention.5,8,30-32 The adverse 
effects of oral minoxidil are dose dependent, and be-
sides an increase in heart rate as well as possible water 
retention, they include hypertrichosis affecting about 
80% of individuals, hirsutism, postural hypotension, 
fatigue, dizziness, nausea, pericardial effusion, perior-
bital edema, GI intolerance, and insomnia.6-8,31-35 The 
reported high prevalence of hypertrichosis among pa-
tients using minoxidil led in 1981 to the development 
of 5% topical minoxidil solution applied on the scalp, 
and subsequently in 1987, low dose oral minoxidil treat-
ment. Off-label LDOM therapy dosed at 0.5-1 mg dai-
ly for women and 2.5–5 mg daily for men appears to be 
very effective in individuals suffering from AGA with a 
relatively good safety profile. Recently, this treatment is 
gaining popularity among patients because oral admin-
istration is simply easier than applying the topical solu-
tion. In 1988 minoxidil solution in concentration of 2% 
was approved by FDA, and in 1998 minoxidil 5% solu-
tion gained acceptance for topical use. Oral minoxidil 
to this day is an off-label treatment for AGA. The Pol-
ish Dermatological Society since 2018 recommends in 
men 5% minoxidil solution applied once or two times a 
day on the scalp with a provided applicator and in wom-
en 2% minoxidil solution used topically on the hair two 
times a day or 5% minoxidil solution used topically on 
the hair once a day as a treatment of first choice. Once 
applied, minoxidil solution should remain on the scalp 
for at least 2 hours to absorb. Both oral and topical mi-
noxidil are not recommended for children and during 
pregnancy.5,6,24,36,37 The exact mechanism of minoxidil 
hair growth promotion is not entirely known. By open-
ing ATP-sensitive K+ channels in arterial smooth my-
ocytes of the scalp, leading to vasodilation, minoxidil 

increases the blood flow and allows a better delivery of 
oxygen and nutrients to the hair. Through inducing the 
Wnt/β-Catenin pathway, it elevates VEGF concentration 
in the cells of dermal papilla, and promotes vasculariza-
tion as well as prolongs the growth phase of hair cycle. 
It is also reported that minoxidil inhibits interleukin 1α 
and prostacyclin synthesis at the same time promoting 
leukotriene B4 and prostaglandin E2 production, there-
fore it presents anti-inflammatory properties. Minoxi-
dil might also act as an antiandrogen by inhibiting the 
expression of 5α-reductase, which converts testosterone 
to DHT, and inducing 17β-dehydrogenase in the hair 
follicles to quicker transform testosterone to its less bi-
ologically active forms. Due to lack of full understand-
ing how exactly minoxidil causes hypertrichosis, further 
studies are required.5,8

Mechanism of minoxidil induced fluid retention leading 
to possible weight gain
The metabolism of oral minoxidil mainly happens in 
the liver, where it conjugates with glucuronic acid. Af-
ter metabolization, minoxidil gets eliminated from the 
body through the kidneys. Even though it takes approx-
imately 3 to 4 hours from administration to excrete the 
drug, the vasodilating effect remains for roughly 72 
hours. Oral minoxidil has been linked to retention of 
sodium and fluid leading to weight gain, pericardial ef-
fusion with unknown mechanism, pulmonary hyper-
tension caused by high pressure in the pulmonary artery 
along with increased cardiac output, and in extreme cas-
es, coronary heart disease resulting potentially from the 
increased oxygen demand due to higher heart rate as 
well as cardiac output. Sodium and fluid retention caus-
ing weight gain is dose dependent and occurs due to 
alterations in neurohumoral system, increased plasma 
renin activity, changes in renal hemodynamic including 
relocation of the blood circulation from the outer to the 
inner kidney cortex, along with directly tubular effects 
that can be connected to minoxidil’s ability to act as an 
opener of potassium channels. Through activating the 
potassium channels located in the thick ascending limb 
of the loop of Henle, minoxidil boosts the activity of Na+ 
2Cl- K+ cotransporters and leads to greater reabsorption 
of sodium and chloride. Minoxidil can promote rapid 5 
pounds or more weight gain. Early identified fluid re-
tention is easier to manage with diuretics. Therefore, a 
patient’s weight should be monitored daily to pinpoint 
individuals experiencing fluid retention. In some cases, 
discontinuation of minoxidil treatment may be required 
due to extreme fluid retention.31,32,35

Clinical findings of oral minoxidil weight gain
In this segment of the review, we will display a short 
summary regarding side effects of LDOM therapy for 
AGA, oral minoxidil dosed at 10–40 mg daily as a treat-
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ment for refractory hypertension, and oral minoxidil 
overdose, with emphasis on fluid retention. Through 
this process, we found the link between dosage of oral 
minoxidil and prevalence of sodium and fluid retention, 
leading to weight gain, which in some cases caused dis-
continuation of treatment.

Across the 5 studies regarding the use of LDOM 
treatment for AGA, an improvement of hair count and 
density was observed. The incidence of side effects was 
low. The most common adverse effects included: hyper-
trichosis, fluid retention along with lower limbs edema, 
headache, dizziness, and insomnia.6,24,37-39 Fluid reten-
tion led to discontinuation of treatment in several in-
dividuals.6,37,39 

Across the 4 studies, when minoxidil was used as an 
antihypertensive agent, in 1 review the safety profile was 
similar to LDOM therapy for AGA because low doses of 
minoxidil were used, whereas in 3 trials the incidence 
of side effects was higher.30,33,40,41 Many patients required 
adding a diuretic to control sodium and fluid retention, 
leading to weight gain.30,33,41 Some patients had to dis-
continue the use of minoxidil because of the severity of 
side effects.33,40,41

In 2 studies displaying minoxidil overdose, the most 
severe side effects were observed. These included gener-
alized edema, myocardial infarction, stroke, passing out, 
prolonged tachycardia, fluid retention and pleural effu-
sion.36,42 Intubation and use of a diuretic was needed.42 Pa-
tients recovered after discontinuation of the treatment.36,42

LDOM therapy for AGA clinical trials
In the multicenter study conducted in 2021 by Sergio Va-
no-Galvan et al. 1404 patients mostly with AGA 82.4% 
(1157 patients) who received LDOM for not less than 
3 months were analyzed in order to describe the safety 
profile of this treatment. The dosing was titrated in 1065 
patients and fixed in 339, so in fact 2469 cases could be 
analyzed. The doses ranged from 0.03 mg to 15 mg. Ad-
verse effects affected 20.6% (509 patients). The displayed 
side effects were hypertrichosis 15.1% (374 patients), diz-
ziness 1.7% (43 patients), fluid retention and pedal edema 
1.3% (32 patients), tachycardia 0.9% (21 patients), head-
ache 0.4% (9 patients), periorbital edema 0.3% (7  pa-
tients) and insomnia 0.2% (6 patients). The treatment 
was discontinued in 1.7% (43 patients). Fluid retention 
led to discontinuation in 8 cases. The incidence of side 
effects was similar in AGA and other alopecia types. The 
authors conclude that LDOM is a safe treatment option 
for alopecia with infrequent side effects. Based on their 
data, they propose to start dosing for females from 0.5 mg 
a day and increase by 0.25 mg every 12 weeks to a max 
dose 2.5mg, for males from 2.5mg a day and increase by 
1.25 every 12 weeks to a max dose 5mg.6 In a prospective 
open labeled and single arm study conducted in 2020 by 
Panchaprateep and Lueangarun, 30 males with AGA were 

given 5mg of oral minoxidil daily. The study duration was 
24 weeks. After this time both efficacy as well as safety of 
the drug were assessed. All of the patients displayed im-
provement in hair count and density. Most common side 
effect was hypertrichosis 93% (28 males). Pedal edema 
affected 10% of the participants (3 males). In this study 
minoxidil was found both safe and effective. However, 
the authors of this trial emphasized that oral minoxidil 
should be used with caution among patients with high 
blood pressure and elevated risk of congestive heart fail-
ure.38 In the interventional trial conducted between Jan-
uary 2017 to May 2020 performed by Sanabria et al. 435 
participants taking LDOM (≤5 mg/d) at 3 trichology clin-
ics in Brazil were interviewed regarding possible adverse 
effects of this drug in AGA treatment. The most common 
side effects were hypertrichosis reported by 55.4% (117 
females and 124 males), headache 9% (22 females and 17 
males) and insomnia 7% (14 females and 15 males). Gen-
eralized edema was reported by 1.1% of patients (3 fe-
males on 1mg oral minoxidil and 2 males on 2.5mg and 
5mg). Lower limbs edema affected 6% of participants (19 
females and 6 males). Facial edema affected 1% of partic-
ipants (2 females and 3 males). All in all 6 patients dis-
continued using low dose oral minoxidil treatment for 
androgenetic alopecia due to fluid retention in the body. 
The results indicated that LDOM is a relatively-safe op-
tion for AGA, but patients should be warned about pos-
sible adverse effects including hypertrichosis, headaches, 
insomnia and edema.37 In the controlled study conducted 
in 2019 by Jimenez-Cauhe et al. 41 males with AGA were 
included. The focus of this trial was to assess the effective-
ness and possible side effects of LDOM in men. The dos-
es prescribed in this study were 2.5 mg (10 participants) 
and 5 mg (31 participants) for at least 6 months. Clinical 
images before and after therapy were assessed by 3 der-
matologists. 37 patients displayed clinical improvement, 
4 showed stabilization and no worsening was observed. 
The most common side effect was hypertrichosis 24.3% 
(10 males) and lower limbs edema 4.8% (2 males). All in 
all, 1 patient discontinued the treatment due to pedal ede-
ma. Fluid retention affected patients taking 5 mg of oral 
minoxidil daily. The conclusion of the study states that 
oral minoxidil treatment at 5 mg daily brought positive 
effects and its safety profile was acceptable. In order to 
determine optimal dosing further controlled studies need 
to be conducted.39 In a study conducted by Tanaka et al. 
between 2011 and 2017 a total of 18918 Asian men with 
AGA were prescribed a combination therapy consisting 
of oral finasteride 1mg  once a day, topical minoxidil with 
concentration 5% and oral 2.5mg minoxidil twice a day 
as well as 4 ml per procedure injectable solution contain-
ing lidocaine, minoxidil, retinyl palmitate, caffeine, ami-
no acids, vitamins and panthenol once a month. The aim 
of this study was evaluation of efficacy and safety of the 
combination therapy for AGA in Asian men. In order to 



429An overview of incidence and mechanisms promoting weight gain as an adverse effect of oral minoxidil therapy for androgenetic alopecia

analyze the results photographs were taken before and af-
ter. After the treatment all patients displayed significant 
improvement. According to this study side effects affect-
ed 4.2% of the participants (802 males). Most common 
were pain due to injection 3.4% (651 participants) and 
slight bleeding in 0.3% (56 participants). When it comes 
to edema, swelling was observed in 0.22% (42 patients). 
Other side effects were itching and erythema linked to 
the use of topical minoxidil as well as decreased libido 
linked to the use of oral finasteride. Tanaka and coauthors 
conclude their study with a statement that their combi-
nation therapy is both effective and safe, however further 
studies are necessary to assess the safety of the therapy if 
higher doses are used.24

Minoxidil therapy used to treat hypertension clinical 
trials 
In a multicentric retrospective review in 2023 Jimenez-
Cauhe et al. analyzed 254 patients that had received 
LDOM as a treatment for alopecia in the past and had 
had high blood pressure or arrhythmia at that time. Side 
effects appeared in 6.8% (26 patients) and these were diz-
ziness 3.1% (8 patients), water retention 2.6% (7 patients), 
other adverse effects included tachycardia, headache, 
general feeling of weakness. Six participants discontinued 
LDOM of hypertension due to adverse effects. The au-
thors concluded that treatment of hypertension and with 
low dose oral minoxidil displays an advantageous safety 
profile.40 In a clinical trial conducted in 1981 by Hagstam 
et al., minoxidil was prescribed to 25 patients suffering 
from refractory hypertension. At the beginning of this 
study 18 patients were diagnosed with kidney failure, pre-
senting high serum creatinine levels. Soon after the onset 
of this trial 6 patients discontinued the treatment due to 
adverse effects or inability to control high blood pressure 
and only 19 individuals remained receiving the treatment 
for 0.5 to 4.5 years. Minoxidil had to be combined with 
beta-blocker and diuretic in order to reduce its side ef-
fects. During the treatment, all of the patients developed 
fluid retention that was kept under control with the use 
of diuretics. One patient died; however, it was not caused 
by minoxidil, but by the high uremia linked to starting 
dialysis. The authors found minoxidil to be successful 
in treating hypertension in patients with advanced renal 
disease.33 In a clinical trial conducted in 1980 by Meier 
et al. 11 patients with severe hypertension impossible to 
control with conventional therapy were given diazoxide 
400mg daily and minoxidil 17.7 mg daily in a crossover 
approach. Both treatments managed to decrease blood 
pressure. Both caused hypertrichosis, more severe with 
minoxidil. Both caused sodium and fluid retention lead-
ing to weight gain, which could be controlled with di-
uretic therapy.30 In a clinical trial conducted in 1979 by 
Joekes et al. 47 patients with refractory hypertension re-
ceived oral minoxidil 5-40 mg daily for up to 57 months. 

In 45 out of 47 patients a decrease in blood pressure was 
achieved on this drug. When it comes to adverse effects: 
3 patients had to withdraw oral minoxidil due to sodium 
retention causing congestive heart failure, 2 female pa-
tients discontinued treatment because of hirsutism, 1 pa-
tient because of postural hypotension.  In 34 patients due 
to sodium retention adding a diuretic was required. The 
authors of the study were unable to tell if adding the di-
uretic is always necessary. They claimed that if no edema, 
weight gain or postural hypotension were observed, mi-
noxidil could be prescribed “well alone.”41

Oral minoxidil overdose
In a multicentric retrospective review in 2022 by More-
no-Arrones et al. the authors focused their attention on 
12 women (0.7% of patients) who developed serious side 
effects out of 1700 patients taking LDOM for AGA from 
January 2018 to October 2020. The dosing varied from 
0.5mg to 1mg daily. When it comes to side effects: gener-
alized oedema affected 6 patients, passing out affected 6 
patients, stroke affected 1 patient and myocardial infarc-
tion affected 1 patient. After analyzing the composition 
of capsules that patients were receiving it turned out that 
they were taking higher doses than prescribed because of 
a compounding error at the pharmacy (the doses real-
ly varied between 50mg and 1000mg per pill). The pa-
tient who had a stroke received a 1000 times higher dose 
than the prescribed one and the patient who experienced 
myocardial infarction took a 200 higher dose. Out of the 
12 women described in this case report, generalized ede-
ma affected those that took between 50 mg and 500mg of 
minoxidil. While the woman who took 50 mg presented 
swelling of the whole body in the first week, with higher 
doses this side effect appeared after the first intake. All 
women fully recovered after discontinuation of treat-
ment. The authors concluded that the most severe side 
effects happened due to a pharmacist error at the dose at 
least 10 times higher than used in LDOM. Furthermore, 
they stated that adverse effects are dose dependent and 
while taking regular doses the safety of this treatment is 
high.36 In a case report presented by Farell and Epstein 
from 1999 the authors describe an overdose of minoxidil. 
Patient drank a bottle containing 5% minoxidil solution 
resulting in a total dose of 3g oral minoxidil. Adverse ef-
fects were severe hypotension, prolonged tachycardia as 
well as fluid retention alongside pleural effusion. Intuba-
tion, antihypotensive agents and several days of furose-
mide therapy were necessary. In this case fluid retention 
and pleural effusion caused by oral minoxidil overdose 
were managed with furosemide.42 

Conclusion
Oral minoxidil is an increasingly popular off label treat-
ment option for AGA. Some patients find it more conve-
nient than recommended by the Polish Dermatological 
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Society topical solution. Clinical findings have shown that 
both incidence and severity of adverse effects, including 
sodium and fluid retention leading to weight gain among 
individuals taking oral minoxidil are dose dependent. 
Low dose oral minoxidil treatment for patients with an-
drogenetic alopecia based on 0.5 to 2 mg daily for women 
and 2.5 to 5 mg daily for men is proved to be effective with 
a relatively good safety profile.5,6 Besides hypertrichosis, 
which is highly prevalent, the occurrence of other side 
effects including water retention and lower limbs edema 
appears to be low in this group, not exceeding 10% of the 
patients. Only in several cases due to severity of oedema 
discontinuation of the treatment was necessary. Further-
more, in this review we provided a comparison of the fre-
quency and gravity of LDOM therapy adverse effects to 
those occurring in the treatment involving oral minoxidil 
to cure refractory hypertension dosed at 10 to 40 mg dai-
ly and an oral minoxidil overdose. With higher doses the 
incidence of side effects was respectively higher. Edema 
affected the majority of the patients and adding a diuretic 
was needed. The most extreme adverse effects occurred 
during oral minoxidil overdose, which required intensive 
care in some individuals. 

The mechanism of minoxidil induced sodium as 
well as fluid retention and subsequently weight gain is 
based on the drug’s ability to affect the neurohumoral 
system, increase plasma renin activity and change re-
nal hemodynamic along with promoting a direct tubu-
lar effect. These processes can cause a rapid weight gain 
of 5 pounds or more that if detected early can be in most 
of the cases easily managed with the use of a diuretic. 
Some patients may require discontinuation of the treat-
ment due to severe oedema. After ceasing treatment flu-
id retention resolves on its own.

Even though low dose oral minoxidil therapy is a 
very effective and mostly safe treatment option for an-
drogenetic alopecia, the adverse effects in some indi-
viduals are quite severe, therefore further studies are 
necessary to fully understand the mechanism and dose 
dependance of water retention leading to weight gain in 
patients taking LDOM therapy for AGA.
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ABSTRACT
Introduction and aim. Thyroid-associated ophthalmopathy (TAO), often referred to as thyroid eye disease or Graves’ ophthal-
mopathy, is a syndrome characterized by autoimmune inflammation affecting the eye muscles, connective tissue, and orbital 
fat. The aim of this literature review is to present TAO and integrate the available data in the literature regarding the pathogen-
esis and treatment methods. Based on these, the authors aim to examine whether, despite the extensive knowledge already 
available on TAO, there are still issues to be investigated.
Material and methods. In this literature review, books and scientific publications in both Polish and English languages have 
been assessed. The search criteria included keywords such as TAO, Graves’ disease, thyroid-associated ophthalmopathy. The 
evaluation covered the following databases: PubMed, Scopus, Google Scholar.
Analysis of the literature. Typically, the eyeball is not involved, but in exceptional cases, corneal ulceration may occur, or in-
flammation of the optic nerve may ensue. TAO most commonly occurs in the course of hyperthyroidism in Graves’ disease, in-
volving up to 25–50% of cases. The coexistence of autoantigens shared between the thyroid and orbital tissues is considered 
the primary cause of TAO when it occurs concurrently with hyperthyroidism, later in its course, or even preceding the mani-
festation of hyperthyroidism, with or without concurrent thyroid dysfunction. TAO is generally bilateral, although dominance 
on one side is often observed. Common symptoms include eye pain, photophobia, diplopia, varying degrees of proptosis, and 
impaired vision. The cornerstone of treatment lies in managing hyperthyroidism, as TAO cannot be cured without it. 
Conclusion. First-line treatment involves glucocorticoids, with radiation therapy as a supplementary option, and in cases unre-
sponsive to pharmacological treatment, surgical intervention may be necessary.
Keywords. Graves’ disease, TAO, thyroid-associated ophthalmopathy, thyroid eye disease
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Introduction
Thyroid-associated ophthalmopathy (TAO) constitutes 
a clinical syndrome associated with hyperthyroidism in 
Graves’ disease and represents its most common extra-
thyroidal manifestation.1-9 It involves autoimmune in-
flammation of the soft tissues within the orbit, including 
the extraocular muscles, connective tissue, and orbit-

al fat.3,8,10-12 The estimated prevalence of this condition is 
16/100,000 in women and 2.9/100,000 in men, with an 
overall occurrence of at least around 10/10,000.3,13-16 In-
flammation of these structures leads to their swelling, ul-
timately resulting in the protrusion of the eyeball from 
the orbital cavity. TAO occurs in 30% of individuals with 
Graves’ and Basedow’s diseases, but only 10% of them ex-
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perience a severe course necessitating immunosuppres-
sive treatment.9,17-19 The exact cause of TAO remains not 
fully understood; however, it predominantly occurs in 
patients with hyperthyroidism or a history of it. Never-
theless, 5–8% of TAO cases are associated with thyroid 
inflammation in euthyroidism or hypothyroidism.1,9,20 
The hyperthyroidism in Graves’ and Basedow’s diseas-
es is induced by autoantibodies that bind to the thyroid 
follicular cell’s thyrotropin receptor, stimulating excessive 
thyroid hormone production. The presence of these anti-
bodies in almost all TAO patients suggests that immune 
reactivity against the thyrotropin receptor underlies both 
hyperthyroidism and TAO.20 Autoimmune processes 
leading to fibroblast proliferation, increased adipogene-
sis, and extracellular matrix expansion are involved in the 
pathophysiology of TAO.8 Risk factors for TAO include 
stressful life events, genetics, gender, age, ethnic origin, 
smoking, thyroid dysfunction, and antibodies against 
thyrotropin. Smoking is identified as the most potent 
modifiable risk factor for the disease.3 Common TAO 
symptoms include bilateral and symmetric retraction of 
the eyelids, proptosis, and double vision. Additionally, the 
disease manifests with tearing, redness, photophobia, and 
eye pain, significantly impacting patients’ daily activities 
such as driving and interpersonal interactions. Ophthal-
mopathy typically occurs bilaterally, but unilateral cases 
may arise, often associated with the dominant side of the 
disease process. However, in 5% of cases, true unilateral 
occurrence occurs, posing diagnostic challenges due to 
its atypical presentation.1,8 

Aim 
The aim of the article is to review the available literature 
on thyroid-associated ophthalmopathy and to close-
ly examine its pathogenesis, clinical presentation, and 
treatment methods in order to better understand this 
complex disease process and develop more effective 
treatment approaches.

Material and methods 
In this literature review, books and scientific publica-
tions in both Polish and English languages have been 
assessed. The search criteria included keywords such as 
TAO, Graves’ disease, thyroid-associated ophthalmop-
athy. The evaluation covered the following databases: 
PubMed, Scopus, Google Scholar.

Analysis of the literature
Pathogenesis
Thyroid-associated ophthalmopathy (TAO) is most 
commonly associated with hyperthyroidism in Graves’ 
disease, although in 5-8% of cases, it can coexist with 
autoimmune thyroid inflammation in euthyroidism or 
hypothyroidism.1,9,20 The occurrence of TAO is linked 
to an autoimmune process. The enlargement of extra-

ocular muscles, connective tissue, and orbital fat results 
from interactions among orbital fibroblasts, cytokines, 
autoantibodies, immune cells, environmental factors, 
and genetic factors.7

Due to the frequent coexistence of ophthalmopathy 
in Graves’ disease, there is a presence of similar antigens 
in both conditions. In Graves’ disease, the loss of toler-
ance to the thyrotropin receptor (TSHR) occurs, mak-
ing TAO inducible by autoimmune reactions against 
TSHR.9,12,21 Clinical and experimental evidence sup-
ports this, with immunohistochemical studies showing 
TSHR overexpression in orbital tissues of TAO patients, 
with the highest receptor expression in individuals with 
clinically active disease. The expansion of orbital fat 
tissue results from early TSHR activation, enhancing 
the differentiation of orbital preadipocytes into adipo-
cytes. Therefore, a strong association exists between cir-
culating TSHR antibodies and TAO occurrence.9,11,20-25 
Moreover, tests have demonstrated that TSHR levels 
are correlated with the activity and severity of ophthal-
mopathy.12 Recent studies have indicated significantly 
elevated expression levels of insulin-like growth fac-
tor-1 (IGF-1) and the insulin-like growth factor-1 Re-
ceptor (IGF-1R), suggesting their potential involvement 
in TAO pathogenesis. It has also been shown that IGF-
1R and TSHR can form functional complexes, synergis-
tically promoting the accumulation of hyaluronic acid 
with cytokines, thus inducing inflammation and the ex-
pansion of orbital muscle and fat tissue.3,9,26,27 

Another component of the etiopathogenesis of 
TAO is considered to be orbital fibroblasts. As a result 
of autoimmune reactions, these fibroblasts produce gly-
cosaminoglycans, mainly hyaluronic acid. These hydro-
philic molecules attract water, causing swelling of the 
orbital tissue and extraocular muscles. The increase in 
the volume of soft tissues within the orbit explains the 
accompanying symptoms of TAO, including proptosis, 
dysfunction of extraocular muscles, and compression of 
the optic nerve.9 

The initial triggering factor for the immunologic re-
action in TAO is the activation of auto-reactive T lym-
phocytes by the thyroid-stimulating hormone receptor 
(TSHR) on the surface of orbital fibroblasts. This process 
leads to the release of pro-inflammatory cytokines, in-
cluding interleukins (IL). Interleukins are proteins that 
regulate the immune response in the body. In the patho-
genesis of TAO, IL-1, IL-6, IL-10, IL-17, and IL-18 play 
a significant role in the inflammatory cascade.3,4,6,10,12,17,22 
IL-1 promotes the inflammatory process and cell ad-
hesion, while IL-6 is involved in immune responses. 
It promotes the development of TH17 in naïve T lym-
phocytes under the influence of IL-23 and TGF-β. IL-17 
is responsible for the recruitment of immune cells and 
contributes to tissue inflammation.3,6 IL-18 is a pro-in-
flammatory cytokine that modulates the innate and 



434 European Journal of Clinical and Experimental Medicine 2024; 22 (2): 432–438

adaptive immune systems, stimulates the production of 
cytokines and chemokines. It activates the chemotaxis 
of neutrophils and lymphocytes and the production of 
interferon-γ (IFN-γ) by natural killer (NK) cells. Studies 
conducted by Myśliwiec et al. have shown that the levels 
of IL-18 in the serum of TAO patients were significant-
ly higher than in control groups, and after glucocorti-
coid treatment, their levels decreased. There is limited 
research on the role of IL-18 in TAO, so further studies 
are needed to better understand its role.3 

IL-6 is identified as a critical mediator in the etio-
pathogenesis of TAO. It activates fibroblasts to produce 
hyaluronan, leading to increased inflammation and tis-
sue growth. The activation of fibroblasts simultaneously 
results in the overexpression of TSHR, thereby perpet-
uating the autoimmune response.12 Studies have shown 
that serum IL-6 levels are elevated in patients with 
Graves’ disease, particularly in those with TAO, and its 
levels correlate with disease activity.3

IL-17 recruits neutrophils to the orbital tissues, re-
leasing reactive oxygen species and other inflammatory 
mediators. This exacerbates tissue damage and contrib-
utes to the clinical symptoms of TAO.3,21 IL-10 is an 
anti-inflammatory cytokine and also plays a role in reg-
ulating the immune response.6 

Initially, IL-38 was thought to have anti-inflamma-
tory effects, but it seems to have such a role only at high 
concentrations. Therefore, the function of IL-38 is con-
troversial. It is believed to limit inflammation in orbital 
fibroblasts in TAO patients.3 IL-38 may have potential 
significance in the therapeutic process, but further re-
search is needed to conclusively determine its action.

In TAO, the balance between pro-inflammatory and 
anti-inflammatory cytokines is disrupted, significant-
ly contributing to increased and chronic inflammation 
and tissue remodeling in the orbital region. The precise 
identification of interleukins and understanding their 
roles in the inflammatory process in TAO could signifi-
cantly contribute to the development of diagnostics and 
treatment for this complex disease.

In the pathogenesis of Graves’ disease, 20–60% of pa-
tients have a positive family history of thyroid diseases. 
Patients with this disease also show an increased expres-
sion of certain human leukocyte antigen (HLA) genes 
more frequently than healthy individuals. The HLA-B8, 
DR3, DQA10501 haplotype may increase susceptibility 
to the disease. On the other hand, in patients with TAO, 
researchers have examined the frequency of major his-
tocompatibility complex class II (MHC II) alleles in 81 
Brazilian TAO patients and 161 healthy individuals in 
the control group. It was found that in TAO patients with 
greater involvement of extraocular muscles, the HLA-
DRB116 allele is more common, while in patients with 
minimal involvement of extraocular muscles, the HLA-
DRB1*03 allele is more frequent.7,28 The role of genetic 

factors has also been demonstrated in studies conducted 
on twins and families.9 In Danish population studies of 
monozygotic twins, the concordance coefficient was 35%, 
suggesting low penetrance of the implicated genes.7 Sev-
eral genes have been identified that predispose patients 
with Graves’ disease to the development of TAO, but the 
diversity of the genetic profile of patients remains uncer-
tain.9 Conducted studies suggest an association between 
genetic predisposition and the manifestation of TAO. 
This provides further scope for development and the con-
duct of additional research to more precisely determine 
the genes involved in the disease process.

Additional interesting studies have been initiated on 
differences in the composition of gut microbiota in pa-
tients with Graves’ disease, with and without TAO, as 
well as research on animals suggesting a crucial role of 
gut microbiota in TSHR-induced disease.9 This opens 
up another field of research and may contribute to a bet-
ter understanding and identification of factors involved 
in the occurrence of TAO.

Clinical presentation
The clinical picture of thyroid-associated ophthalmop-
athy (TAO) is typically characteristic in the majority of 
cases. Symptoms are mostly bilateral, with the disease 
process dominating on one side in 9-34% of patients; 
however, it remains bilateral in those cases [8]. Tru-
ly unilateral TAO occurs in only about 5% of cases.1,8 

The most common symptom of TAO is eyelid retrac-
tion, present in 90-98% of patients, often changing with 
gaze – a phenomenon known as Kocher’s sign, where 
the upper border of the sclera is exposed when looking 
upward. Another nearly pathognomonic sign for TAO 
is lateral widening of the retracted eyelid contour. Sev-
eral factors contribute to eyelid retraction, including 
increased sympathetic stimulation of the Müller mus-
cle, contraction of the levator muscle, and scarring be-
tween the fascia of the lacrimal gland and the levator. 
Another frequent symptom in TAO patients is incom-
plete eyelid closure, leading to dryness, foreign body 
sensation, roughness, tearing, photophobia, and, con-
sequently, corneal ulceration. Soft tissue swelling in the 
orbit causes visible proptosis and redness. This results in 
a disturbance in the relaxation of the extraocular mus-
cles, leading to double vision. In severe cases with pro-
nounced edema, compression of the optic nerve may 
occur, causing visual impairment up to blindness, ob-
served in only 5% of patients.1,2,7,29-32 TAO is the most 
common cause of adult-onset strabismus.14

Treatment
Given its strong association with Graves’ disease, TAO 
treatment should begin with managing hyperthyroid-
ism. Effective TAO treatment is not possible without 
controlling hyperthyroidism. In the treatment process, 
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the priority is visual disturbances, which, depending 
on the presence of inflammation, can be treated with 
corticosteroids, radiotherapy, or orbital decompression 
surgery. Another priority is controlling inflammation, 
which can be treated with corticosteroids, steroid-spar-
ing immunosuppressive drugs, or radiotherapy. Stra-
bismus and changes in appearance are often treated 
conservatively, waiting for inflammation to resolve be-
fore considering surgical intervention.1,2,7,9,10,14,25 It is 
crucial for patients to quit smoking as there is a strong 
association between TAO and cigarette smoking.8,33,34 

Systemic treatment relies significantly on glucocor-
ticoids (GCS), with an estimated effectiveness of 40-
60%. However, relapses at the end of therapy or during 
treatment are common. The use of pulsatile GCS ad-
ministration has been developed to harness the im-
munosuppressive effects of GCS while simultaneously 
reducing side effects. Methylprednisolone, given in puls-
es over 12 weeks at a cumulative dose of 4.5 to 7.5g, has 
proven effective, with a higher dose effectively reducing 
the overall severity of the disease.1,3,11,19,25,35-37 Protocols 
utilizing cumulative methylprednisolone doses exceed-
ing 8g have been associated with severe, even fatal, liv-
er toxicity and should not be routinely applied.11,19,25,35 
Studies have shown a significant advantage of intra-
venous methylprednisolone over orally administered 
prednisone, with the former demonstrating better clini-
cal response and fewer adverse effects.1,11,25,38 

Immunosuppressive treatment options include my-
cophenolate mofetil, cyclosporine A, and azathioprine, 
usually employed as adjunctive therapy for inadequate 
response to GCS.7,39-41 A randomized study compared 
the effectiveness of monotherapy with GCS (methyl-
prednisolone) to combined treatment with GCS and 
mycophenolate sodium for 24 weeks, followed by a 12-
week observation. While patients receiving both drugs 
showed greater improvement, the benefits of combining 
GCS with mycophenolate were not significantly high-
er. Monotherapy with azathioprine did not significant-
ly alter the course of the disease in moderate and severe 
TAO over a 2-year period, though later studies lacked 
sufficient statistical power for clear conclusions.11,42,43 
Studies involving cyclosporine A demonstrated that its 
use as monotherapy was less effective than oral predni-
sone. However, when used in combination, both drugs 
proved more effective than prednisone alone, potential-
ly useful for patients unresponsive to GCS therapy.25

The pathogenesis of TAO is likely attributed to im-
mune cells and cytokines; hence, monoclonal antibodies 
disrupting cytokine signaling may have therapeutic ap-
plications. Although only a few drugs have been tested 
in randomized studies, the results are promising. In one 
study, 152 TAO patients treated with rituximab (RTX) 
showed a significant reduction in symptoms and recur-
rence frequency, although resolution of proptosis or im-

provement in double vision was not described compared 
to baseline values. RTX effectively inactivates TAO and 
limits disease recurrence, proving effective even in pa-
tients resistant to GCS therapy.11,19,38,44-46 The use of To-
cilizumab (TCZ) in a randomized clinical trial resulted 
in disease inactivation in 93% of TAO patients compared 
to 59% receiving a placebo after 16 weeks. While TCZ re-
duced proptosis, improvement in double vision was ob-
served in only 5-6% of patients. TCZ appears effective in 
patients resistant to conventional GCS therapy.19,38,47 The 
further development of therapy using monoclonal an-
tibodies appears to be crucial in refining conservative 
treatment methods, given the strong association between 
autoimmune processes and the occurrence of TAO.

Radiation therapy is another method of treating 
TAO. Assessing its effectiveness is challenging due to 
the lack of controlled studies and frequent concomi-
tant use of GCS, significantly complicating retrospec-
tive data analysis. Orbital radiotherapy is effective only 
in patients with active disease and recent progression. 
Patients with inactive TAO do not respond to radiother-
apy. Typically, a dose of 20 Gy per side is administered 
in 10 fractions over 2 weeks. During orbital radiothera-
py, there may be a transient worsening of inflammation, 
which can be easily prevented by simultaneously us-
ing GCS. This method is often used as a supplementary 
treatment in systemic therapy. Although the effective-
ness of radiotherapy in TAO has been questioned, it re-
mains in constant use. It is a relatively safe method, with 
a low risk of optic neuropathy or retinopathy.7,19,25,48,49 

Indications for surgical treatment in TAO include 
optic neuropathy, double vision, and corneal exposure. 
The goal of surgical intervention is orbital decompres-
sion, strabismus correction, and correction of eyelid ab-
normalities. The most appropriate sequence in surgical 
treatment is typically decompression of the orbit first, 
followed by strabismus surgery, and finally, eyelid pro-
cedures. The majority of surgeries are performed in a 
state of inactive TAO when the condition has been stable 
for at least 6-8 months. However, decompression may be 
necessary urgently in cases of compressive optic neu-
ropathy or severe proptosis with corneal ulceration.7,25,50 
Orbital decompression involves removing parts of the 
bone building the orbit and removing fat from the orbit. 
Currently, the most common surgical approach includes 
medial wall, orbital floor, and/or lateral wall decompres-
sion. Simultaneous decompression of bones combined 
with fat removal is gaining importance due to its good 
clinical outcomes. Surgery on the extraocular muscles 
aims to alleviate double vision in the primary position 
and downward gaze. Eyelid surgery involves gradually 
weakening the Müller and levator palpebrae superioris 
muscles to better cover the cornea with the upper eye-
lid. In cases of significant retraction of the lower eyelid, 
a spacer graft may be necessary.7,51
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Effective treatment of TAO is possible with various 
therapeutic methods. The choice of treatment depends 
on the severity of the disease, its activity, and the in-
dividual needs and preferences of the patient. Treating 
TAO poses a therapeutic challenge, but continuously 
improving methods help achieve successful treatment 
and limit the lasting consequences of the disease.

Quality of life of patients
TAO exerts a significant impact on the quality of life of 
patients. Visual disturbances such as double or blurred 
vision affect their daily functioning, greatly limiting 
both physical and professional activities. Patients report 
difficulties in driving and challenges in computer work. 
In a descriptive study conducted on patients with vary-
ing degrees of TAO, the quality of life was assessed using 
the short-form standardized questionnaire, the medi-
cal outcomes study (MOS-36). In the examined group 
of German TAO patients, low scores were observed 
on the MOS-36 scale, with clear differences compared 
to the control group noted in the areas of social func-
tioning, mental health, health perception, and bodily 
pain. These results highlight the impact of common vi-
sual symptoms on health and well-being measured us-
ing the MOS-36 scale.1,52 In other studies, it has been 
shown that in patients with Graves’ disease who devel-
oped TAO, the quality of life decreased regardless of the 
treatment applied. It is also significant that patients with 
TAO returned to physical health within a year, but the 
recovery of mental health took twice as long.53 In the 
course of TAO, exophthalmos often occurs, leading to 
a decrease in self-acceptance among patients and a de-
terioration in interpersonal relationships.1 Considering 
the above, paying attention to the psychological aspects 
of TAO patients appears to be crucial.

Conclusion
Despite significant progress in understanding TAO, 
certain elements are still lacking. It is essential to em-
phasize the need for further development in clinical re-
search to discover new biomarkers involved in the onset 
of TAO. This will be crucial for a better understanding 
of the disease’s pathogenesis and, consequently, for the 
development and more precise selection of treatment, 
particularly using monoclonal antibodies. Such an ap-
proach should help limit the occurrence of irreversible 
consequences of TAO and, in turn, enhance the effec-
tiveness of the conducted therapy. Both review litera-
ture and works based on clinical research were utilized 
to provide a broader perspective on the presented topic.
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ABSTRACT 
Introduction and aim. Glomus tumors represent benign neoplastic proliferations of the glomus body, an integral thermoregu-
latory component within the cutaneous microvasculature. Although they can manifest at various anatomical sites, they are pre-
dominantly observed in the subungual region. The tumors present as painful, firm, purplish, solitary nodules of the extremities, 
especially in the nail bed. They may be solitary or multiple; solitary lesions are encapsulated and most commonly subungual, 
while multiple tumors are unencapsulated and rarely subungual. 
Description of the case. Here, we present a case of multiple glomus tumors of the right hand in an 18-year-old female who pre-
sented with complaints of painful bluish discoloration of the right little finger for six years and progressive asymptomatic nod-
ules on the right index finger for six months. A clinical examination revealed acute tenderness in both fingers. Love’s pin test 
and Hildreth’s test were positive. Excision of all lesions was done and sent for histopathology, which confirmed the diagnosis. 
The patient was symptom-free immediately following surgery. No nail deformities were noticed, and there was no recurrence 
of symptoms after one year of follow-up.
Conclusion. The transungual approach is a safe and effective minimally invasive surgical technique for the treatment of symp-
tomatic nail bed glomus tumors. It offers high success rates, promising cosmetic outcomes, and minimal complications. How-
ever, careful patient selection and meticulous surgical technique are essential to avoid potential nail deformities.
Keywords. glomus tumor, subungual, transungual nail excision
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Introduction
Glomus tumors denote benign neoplastic proliferations 
originating from the glomus body, a pivotal thermoreg-
ulatory entity within the cutaneous vasculature.1 Clin-
ically, these lesions manifest as indurated, violaceous 
nodules situated predominantly in the extremities, with 
a predilection for the nail bed. They may be solitary or 
multifocal. The key to diagnosing this condition is to be 
highly suspicious and conduct a thorough clinical ex-
amination. 

Aim
To evaluate the feasibility and safety of the transungual 
technique for the complete excision of glomus tumors 
of the nail bed.

Description of the case
We report a case of an 18-year-old Indian female who 
presented to the outpatient department of Dermatol-
ogy with complaints of painful bluish discoloration of 
the right little finger for six years and progressive as-
ymptomatic nodules on the right index finger for six 
months. She gave a history of aggravation of pain upon 
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round, uniform swelling present subungually, involv-
ing the phalanx of the right little finger (Fig. 1) and 
bluish discoloration seen over the right index finger. 
Obliteration of Lovibond angle with fluctuation of the 
nail bed and pseudo-clubbing was present. On bed-
side clinical examination, Love’s pin test, Ice cube test, 
and Hildreth’s test were positive. USG color Doppler 
revealed a well-defined hypo-echoic lesion measuring 
(1 × 0.4 cm) in the periungual region of the right little 
finger with significant internal vascularity. A clinical 
diagnosis of glomus tumor was made, and the patient 
was planned for nail avulsion surgery. Proximal nail 
avulsion and surgical excision of all glomus tumors 
were performed utilizing the transungual approach 
(Fig. 2), and the tissue was sent for histopathological 
examination, which showed numerous dilated thin-
walled vascular spaces surrounded by glomus cells. 
These are sheets of uniform monomorphic cells with 
round punched-out central nuclei in a pale to eosin-

Fig. 2. Tumor resection using transungual approach with careful preservation of the nail bed

Fig. 1. A solitary 1–2 cm bluish palpable, tender, round, 
uniform swelling present subungually, involving the 
phalanx of the right little finger

Fig. 3. Multiple dilated thin-walled blood vessels with 
surrounding clusters of glomus cells (H&E ×40)

exposure to cold; however, there was no characteris-
tic triphasic color change as seen in Raynaud’s phe-
nomenon. There was no history of preceding trauma. 
There was no similar history in any of the immediate 
family members. She had been taking a homeopath-
ic treatment in the form of topical creams and oral 
medications for three months prior to presentation, 
but had no significant relief. Examination of the hands 
revealed a solitary 1–2 cm bluish, palpable, painful, 
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ophilic cytoplasm and well-defined margins (Fig. 3). 
The patient was symptom-free following surgery and 
developed no nail deformity or recurrence in the next 
year of follow-up.

Discussion
Glomus tumor is a benign vascular hamartoma that 
originates from the neuromyoarterial cells of endothe-
lium-lined vascular spaces (the Sucquet-Hoyer canal).1 
It accounts for 1–5% of soft tissue tumors of the hand.2 
It typically presents with a triad of cold hypersensitivi-
ty, pain and tenderness, and occasionally nail deformi-
ties or nail discoloration.3 The tumor usually presents as 
a painful, firm, purplish, solitary nodule of the extrem-
ities, especially in the nail bed. Multiple glomus tumors 
are described as softer, more compressible, bluish nod-
ules and they occur with less frequency than solitary tu-
mors. Infrequently, atypical glomus tumors have been 
reported to involve other sites, including muscles, joints, 
head and neck, stomach, penis, and rarely the medias-
tinum.4,5 Surgical excision is the treatment of choice, al-
though radiotherapy has been advocated as a primary or 
adjunctive modality.6 The approach is decided according 
to the location of the lesion and described as periungual, 
paraungual and transungual. Various published reports 
have stated that the transungual approach is associated 
with subsequent nail deformity.6,7 Jawalkar H et al., in a 
study of 12 glomus tumors treated with transungual ex-
cision, reported to have no recurrence or new nail de-
formity.8 Subungual glomus tumors are more difficult to 
treat because they are small, and their total eradication 
requires several procedures. Local recurrences occur 
due to inadequate excision because of infiltrative growth 
and local invasion of the capsule around the glomus tu-
mor have been reported in only 1–2% of cases. Other 
treatment options include sclerotherapy and laser ther-
apy with CO2, KTP, Nd: YAG, and pulsed dye laser, but 
with variable results. Prompt diagnosis and early insti-
tution of appropriate therapy help to significantly lower 
patient morbidity.

Conclusion
Glomus tumors of the nailbed, while seemingly small, 
can cause significant discomfort and disruption to dai-
ly life. A high index of suspicion and careful clinical 
examination is the crux of diagnosing this condition. 
Delayed or misdiagnosis and improper management 
result in undue suffering for the patient. Though bi-
lateral glomus tumors are rare, the possibility should 
not be excluded in bilateral unexplained digital pain. 
Symptomatic glomus tumors are successfully treated 
with surgical excision. The transungual approach offers 
a minimally invasive solution with high success rates 
and promising cosmetic outcomes. While meticulous 
technique and potential for nail deformities exist, care-

ful patient selection and experienced surgeons can en-
sure a positive experience.
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ABSTRACT
Introduction and aim. Anomalies in dental characteristics such as size, shape, number, structure, and eruption are common-
ly observed in clinical conditions. One such anomaly is the presence of supernumerary teeth found in various regions of the 
dental arch. Although frequently asymptomatic, supernumerary teeth are routinely identified during radiographic evaluations. 
Among the most common causes of impacted maxillary incisors is the presence of supernumerary teeth. 
Description of the case. Herein, we present a rare case of lower left canine impaction subsequent to a supernumerary fusion 
to the mandibular left incisor in a 10-year-old Caucasian female.
Conclusion. This case contributes to the current knowledge regarding supernumerary fused teeth, emphasizing the importance 
of early intervention and multidisciplinary collaboration in effectively managing such developmental dental irregularities.  
Keywords. fusion, impacted maxillary incisors, supernumerary tooth
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Introduction 
The development of occlusion and tooth eruption in 
pediatric dentistry often presents complex challenges 
characterized by deviations from the typical eruption 
sequence, positional irregularities, and tooth morphol-
ogy abnormalities.1,2 Various factors can influence oc-
clusion development that disrupt tooth alignment and 
the harmonious relationships with neighboring teeth. 
Dental anomalies of numbers, particularly supernumer-
ary teeth, have been commonly associated with delayed 
eruption of maxillary incisors.1

Supernumerary teeth, defined as teeth exceeding 
the standard set, have been documented since ancient 
times, with descriptions dating back to 23–70 A.D.1,2 
Hyperdontia, characterized by supernumerary teeth 

exceeding the average tooth count, is a developmen-
tal anomaly with various etiologies.1-17 It predominant-
ly occurs in the maxilla, with rare cases reported in the 
mandible.5,6 Prevalence rates in the general population 
are from 0.15 to 1.9%, with a higher occurrence among 
males than females.10 Occurrence rates of supernumer-
ary teeth vary among different racial and ethnic groups.5 

In the Caucasian population, the reported prevalence 
ranges between 1 and 3%.5 Among Caucasians, 90–98% 
of supernumerary teeth occur in the premaxillary re-
gion.4 Asians exhibit a slightly higher frequency, ex-
ceeding 3%.4 Black children show a prevalence of 0.42%, 
while children of Hispanic descent have a preponder-
ance of 5.6%.5 In permanent dentition, the prevalence 
ranges from 0.15 to 1%, with a male predominance ratio 
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of 2:1.6 Despite extensive research, the etiology of super-
numerary teeth remains uncertain. However, evidence 
suggests a genetic basis, supported by the higher occur-
rence of hyperdontia among related families and its as-
sociation with syndromes such as Gardner’s syndrome 
and cleidocranial dysostosis.12 

Supernumerary teeth can be classified according to 
their location, morphology and orientation.15 Accord-
ing to the position of supernumerary teeth, they can be 
categorized as mesiodens, paramolar, and distomolar.15 
One of the most common types of supernumerary teeth 
are distomolars presented in the OPG below (Fig. 1).

Mesiodens are the most prevalent type of supernu-
merary tooth and are attributed to many complications 
such as maxillary central incisors impaction.11 The mere 

presence of a supernumerary tooth does not solely ac-
count for delayed eruption. The shape, number, and po-
sition of supernumerary teeth play significant roles in the 
eruption process.1-17 Four morphological types have been 
identified: conical or peg-shaped, tuberculate or invagi-
nated, supplemental or incisiform, and odontoma-like.16 
Notably, tuberculate or invaginated supernumerary teeth 
have shown a higher correlation with delayed eruption 
of maxillary incisors.11-16 Therefore, a thorough deter-
mination of etiology and the development of appropri-
ate treatment plans become crucial when incisors fail to 
erupt within the expected timeframe. 

The presence of supernumerary teeth in the ante-
rior maxillary region often leads to various complica-
tions, including prolonged retention of deciduous teeth, 

Fig. 1. Panoramic radiograph showing fourth molars in the maxilla and right distomolar in the mandible-growing horizontally

Fig. 2. Panoramic radiograph of a 10-year-old female patient showing supernumerary tooth (ST) fusion with 32 and the 
impaction of tooth 33 (IC): IC – impacted canine, ST – supernumerary tooth 
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delayed eruption of permanent teeth, impaction of per-
manent incisors, ectopic eruption, root dilaceration, and 
other forms of malformation.1-18 Such complications pose 
unique challenges for dental professionals. Literature re-
ports analogous cases of supernumerary tooth fusion to 
permanent dentition and subsequent impaction of per-
manent teeth. The aforementioned published literature 
emphasizes the possibility of complications and the need 
for multidisciplinary treatment modalities.4,9,13-18  Given 
the significant implications of hyperdontia and tooth im-
paction, this research article presents a case study that of-
fers valuable insights into the impact of supernumerary 
teeth on the eruption of permanent teeth. 

Aim
This study aims to present a unique case report of ca-
nine impaction resultant of supernumerary fusion to 
mandibular incisor. We discuss a multidisciplinary ap-
proach, incorporating surgical intervention, to resolve 
the impaction and achieve proper alignment within the 
dental arch.

Description of the case
A 10-year-old Caucasian female non-syndromic patient 
was presented to the Department of Dental Surgery 
with a case of permanent lower left canine impaction. 
The patient has not been treated orthodontically previ-
ously. As first a general dentist revealed the disturbanc-
es and asymmetry in eruption of canines. The patient’s 
legal guardian’s consent was taken, and no medical de-
viations were noted. Familial history was not contribu-
tory. The presence of a canine was already detected on 
the right side of the mandible. The patient did not re-
port pain on the left side of her mandible. An extraoral 
examination did not reveal any facial asymmetry. Clin-
ical intraoral examination revealed the presence of an 
asymptomatic supernumerary tooth in the area of the 
left anterior mandible and a slight painless protrusion 
of the bone in the area of the missing, unerupted tooth 
33 without symptoms of bone crepitation. A panoramic 
radiograph (OPG) and cone-beam computed tomogra-
phy (CBCT) scan confirmed the supernumerary tooth 
fusion to tooth number 32, resulting in tooth number 
33 impaction (Fig. 2) and (Fig. 3), respectively. A CBCT 
scan helped assess the degree of tooth fusion and the 
precise planning of the surgical procedure. It turned out 
to be a complete fusion of the crown of the supernumer-
ary tooth to the crown of tooth number 32 and a fusion 
of their beginning root compartments. A treatment plan 
was proposed and initiated after thorough communica-
tion with the patient and their legal guardian. The pa-
tient was provided with all the associated risks, including 
follow-up treatment modalities if the impacted tooth 33 
did not erupt spontaneously within a few months. Fail-
ure of eruption would require surgical exposure of the 

Fig. 3. A–C: CBCT scans of a 10-year-old female 
patient confirming the supernumerary tooth fusion 
to tooth number 32
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unerupted tooth and orthodontic treatment to re-estab-
lish sufficient arch space. A surgical management ap-
proach was adopted; the supernumerary tooth fused 
with 32 was surgically removed. The surgical procedure 
was performed under infiltration anesthesia with 4% ar-
ticaine with norepinephrine without detachment of the 
mucoperiosteal flap. The fused fragment of the crown 
of the supernumerary tooth was cut off using a narrow 
drill in the area involved by enamel, and the initial frag-
ments of the roots of both teeth were separated. Super-
numerary tooth was removed (Fig. 4). The place of cut 
off was thoroughly smoothed. The prognosis regarding 
the post-surgical pulp vitality of tooth 32 was favorable. 
The enamel-dentin junction after the supernumerary 
tooth cut off was not exposed and thus, did not require 
any additional protection. The socket was secured with 
resorbable sutures. Routine postoperative indications 
were given. Surgical recovery of the tooth extraction 
was uneventful. Within a few months after the proce-
dure, impacted tooth 33 erupted spontaneously. The pa-
tient currently does not require orthodontic treatment. 
No consequential loss of dental arch space was detected.  
Post-surgical pulp vitality tests of the remaining tooth 
did not show any disturbances.  A long-term clinical ob-
servation did not reveal any post-surgical complications 
as well as any other disturbances.

Fig. 4. Supernumerary tooth after extraction

Discussion 
Supernumerary teeth are a prevalent developmental den-
tal anomaly resulting from factors such as hyperactivity of 
the dental lamina, dichotomy, environmental influences, 
or polygenetic processes of atavism.1-12 These additional 
teeth often present classical oral complications, including 
the impaction of adjacent teeth, dental crowding, diaste-
ma formation, tooth rotation, displacement, and occlu-
sal interference.14-18 Dental fusion, clinically noted as a 
wide tooth, is a morphological dental anomaly associated 
with supernumerary teeth.13-14 Fused teeth present with a 
distinct unaesthetic tooth morphology and demand for 
differential diagnosis.14 Literature reports that fusion’s 
prevalence is rare in posterior and permanent teeth and 
more predominant in primary dentition, often involv-

ing incisors and canines.14 The etiology of fused teeth 
remains speculated; many theories consider developmen-
tal, environmental factors, genetic factors, trauma or in-
flammation.1-14 The presence of fused teeth is attributed 
to a high affinity for spacing, periodontal problems and 
dental caries.14 Hence, extensive radiographic and clinical 
evaluation is warranted for patients diagnosed with su-
pernumerary and fused dentition to avert the aforemen-
tioned dental complications.  

Herein, we present a case of a 10-year-old female 
patient attributed with both dental abnormalities, 33 ca-
nine impaction, and supernumerary fusion with tooth 
number 32. The etiological development of her super-
numerary tooth was not clear. Additionally, no associat-
ed conditions such as a cleft lip and palate or syndromes 
such as cleidocranial dysplasia and Gardner’s syndrome 
were reported. A panoramic radiograph (OPG) and 
cone-beam computed tomography (CBCT) scan were 
utilized to diagnose this complex case. CBCT imaging 
was a preferred mode of radiological investigation, in 
hindsight of its maxillofacial imaging and low radiation. 
Moreover, CBCT imaging aided in the diagnosis of den-
tal fusion due to its ability to display the root canal sys-
tems and teeth morphology. In this case, CBCT imaging 
showed the conjunction of the crowns of 32 and the su-
pernumerary tooth and the presence of separate pulp 
canals. CBCT imaging differential diagnoses confirmed 
fusion, not gemination, associated with a single pulp ca-
nal. The supernumerary tooth was confirmed to have an 
incisiform morphology. 

Proper diagnosis of supplementary fusion with thor-
ough radiographic examination is a prerequisite for suc-
cessful surgical management.16-18 As observed in this case; 
surgical intervention was justified due to the interference 
of 32 and supernumerary tooth fusion in the eruption 
of 33. Supplementary fusion warrants a list of complica-
tions; prudent management of these teeth is necessary to 
maintain normal eruption and position patterns of ad-
jacent permanent incisors.15-18 In such cases, immediate 
surgical intervention is recommended unless the su-
pernumerary tooth is a non-inverted conical type or is 
positioned above the apices of an adjacent permanent 
tooth.16-18 Supplementary fusion imposes the challenge of 
mid-root connections between the root canals of fused 
teeth.17 Reported case studies describe the need for end-
odontic treatment, with a poor prognosis of pulp vitali-
ty. Additionally, supplementary fusion incorporating the 
root canals increases the risk of pulpal infection.17 In the 
present case, there was a low risk of iatrogenic damage as 
only the complete fusion of the crown and initial fusion 
of root compartments was detected. 

The eruption of an impacted tooth post-surgical 
removal of a supplementary tooth calls for additional 
vigilance. The described case showed no significant de-
lays in the eruption of impacted tooth 33, as it erupted 
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spontaneously within a few months. Literature, how-
ever, reports many instances of delayed eruption due 
to supernumerary involvement.5-18 Optimal treatment 
modalities in such cases are offered, including surgical 
exposure of the unerupted tooth and orthodontic treat-
ment to re-establish sufficient arch space.16-18 Another 
treatment option is only to observe the unerupted tooth 
if it is symptomless and is not impacting in any way the 
dentition.16-18 Delayed eruption post supernumerary re-
moval may occur within 18 months if the tooth has arch 
space and is not excessively displaced.18 This approach 
may, however, impose potential complications, such as 
crowding leading to a loss of dental arch space, midline 
shift, and the loss of eruptive force of adjacent teeth.16-18 
Interceptive treatment is recommended if delayed erup-
tion patterns are detected; therefore, follow-up appoint-
ments post-supernumerary removal are crucial for 
clinically detecting such a complication. 

Conclusion 
Supplementary fusion, leading to the impaction of a 
tooth, is a complicated case and requires a cautious and 
multispecialty approach from the clinician to provide the 
patient with a successful outcome. Hence, early surgical 
and orthodontic intervention is often necessary to min-
imize the side effects of delayed tooth eruption due to 
supernumerary teeth. The diagnostic tool, CBCT imag-
ing, is recommended to detect the degree of root canal 
involvement in fused supplementary dentition. This case 
is exemplary in enhancing our understanding of the im-
plications of supernumerary teeth on dental development 
and eruption patterns. Unlike other presented cases, the 
described patient is atypical as she had no associated syn-
drome; this alludes to the need for vigilance from clini-
cians when screening for fused supernumerary teeth. Our 
case underscores the significance of early diagnosis, in-
terdisciplinary collaboration, and appropriate treatment 
planning in effectively managing dental anomalies associ-
ated with impaction due to supernumerary teeth.

Declarations 
Funding
This research did not receive any specific grant from 
funding agencies in the public, commercial, or not-for-
profit sectors.

Author contributions 
Conceptualization, Oles. M., A.K., Olen. M. and K.B.; 
Methodology, Oles. M., A.K., Olen. M. and K.B.; For-
mal Analysis, Oles. M., A.K., Olen. M. and K.B.; Inves-
tigation, Oles. M., A.K., Olen. M. and K.B.; Resources, 
Oles. M., A.K., Olen. M. and K.B.; Data Curation, K.B..; 
Writing – Original Draft Preparation, Oles. M., A.K. 
and Olen. M.; Writing – Review & Editing, Oles. M. and 
K.B..; Supervision, K.B.

Conflicts of interest 
The authors declare no competing interests. 

Data availability 
No datasets were generated or analyzed during the cur-
rent study. 

Ethics approval 
Written informed consent for publication was obtained 
from the patient’s parent. We complied with the policy 
of the journal on ethical consent. 

References 
1.	 Primo LG, Wilhem RS, Bastos EPS. Frequency and cha-

racteristics of supernumerary teeth in Brazilian children: 
consequences and proposed treatments. Rev Fac Odont S 
Paulo. 1997;1:231-237.

2.	 Babu V, Kikkeri SN, Diwakar NR. A rare case of Heredita-
ry Multiple impacted normal and supernumerary teeth. J 
Clin Pediatr Dent. 1998;23:59-62.

3.	 Solares R. The complications of late diagnosis of an-
terior supernumerary teeth: case report. J Dent Child. 
1990;57:209-211.

4.	 Tay F, Pang A, Yuen S. Unerupted maxillary anterior super-
numerary teeth: report of 204. J Dent Child. 1984;51:289-
294.

5.	 Barton DH, Murray C. Ethnic and racial relationships and 
supernumerary teeth in the primary dentition. J Indiana 
Dent Assoc. 1977;56:32-33.

6.	 Ferreira EF, Nascimento de F, Santos RL, et al. Prevalen-
ce of dental anomalies: Supernumerary teeth in the ma-
xillary anterior region. Revista brasileira de odontologia. 
2012;69(1):112-115.

7.	 Vi de Almeida CM, Gomide MR. Prevalence of natal/neo-
natal teeth in cleft lip and palate infants. Cleft Palate-Cra-
niofac J. 1996;33:297-299.

8.	 Kramer RM, Williams AC. The incidence of impacted te-
eth. A survey at Harlem Hospital. Oral Surg Oral Med Oral 
Pathol. 1970;29:237-241.

9.	 Bodenham RS. The treatment and prognosis of unerupted 
maxillary incisors associated with the presence of super-
numerary teeth. Br Dent J. 1967;123:173-177.

10.	 Van Buggenhout G, Bailleul-Forestier I. Mesiodens. Eur J 
Med Genet. 2008;51(2):178-181.

11.	 Alberti G, Mondani PM, Parodi V. Eruption of supernu-
merary permanent teeth in a sample of urban primary 
school population in Genoa, Italy. Eur J Paediatr Dent. 
2006;7(2):89-92.

12.	 Townsend GC, Richards L, Hughes T, et al. Epigenetic in-
fluences may explain dental differences in monozygotic 
twin pairs. Aust Dent J. 2005;50(2):95-100. doi: 10.1111/
j.1834-7819.2005.tb00347.x

13.	 Nayak G, Shetty S, Singh I, Pitalia D. Paramolar - A super-
numerary molar: A case report and an overview. Dent Res 
J (Isfahan). 2012;9(6):797-803. 



447An anomalous case report of canine impaction resultant of supernumerary fusion to mandibular incisor

14.	 Zhu M, Liu C, Ren S, Lin Z, Miao L, Sun W.. Review Artic-
le Fusion of a Supernumerary Tooth to Right Mandibular 
Second Molar: A Case Report and Literature Review. Int J 
Clin Exp Med. 2015;8:11890-11895.

15.	 Ata-Ali F, Ata-Ali J, Peñarrocha-Oltra D, Peñarrocha-
Diago M. Prevalence, Etiology, Diagnosis, Treatment and 
Complications of Supernumerary Teeth. J Clin Exp Dent. 
2014;6(4):414-418. doi: 10.4317/jced.51499

16.	 Yeluri R, Hegde M, Baliga S, Munshi AK. Multiple Super-
numerary Teeth Associated with an Impacted Maxillary 

Central Incisor: Surgical and Orthodontic Management. 
Contemp Clin Dent. 2012;3(2):219. doi: 10.4103/0976-
237x.96844

17.	 Yagci A, Cantekin K, Buyuk SK, Pala K. The Multidiscipli-
nary Management of Fused Maxillary Lateral Incisor with 
a Supernumerary Tooth in Cleft Lip Adolescence. Case 
Rep Dent. 2014;2014:459416. doi: 10.1155/2014/459416

18.	 Kumar A, Namdev R, Bakshi L, Dutta S. Supernumerary 
teeth: Report of four unusual cases. Contemp Clin Dent. 
2012;3:71-77.



448 European Journal of Clinical and Experimental Medicine 2024; 22 (2): 448–451

This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY 4.0) license.

http://www.ejcem.ur.edu.pl
European Journal of Clinical and Experimental Medicine 

Eur J Clin Exp Med 2024; 22 (2): 448–451

Novaluron and indoxacarb induced methemoglobinemia – 
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ABSTRACT  
Introduction and aim. In India, the utilization of agricultural pesticides for intentional self-poisoning is a prevalent method, 
and it is associated with substantially higher fatality rates compared to other self-poisoning approaches. Plethora, an agricul-
tural insecticide containing novaluron (5.25%) and indoxacarb (4.5%), has recently been introduced and widely used in India 
and various other regions for its broad-spectrum lepidopteran control. While there have been documented cases of isolated 
self-poisoning involving indoxacarb, there is currently no literature reporting incidents of human poisoning specifically related 
to novaluron. 
Description of the case. An 83-Year-old male was presented to the emergency department (ED) with a history of consumption 
of 50 mL of an insecticide suspension concentrate called ‘PLETHORA’ to commit suicide. He had one episode of vomiting and 
dizziness after the ingestion. There was associated cyanosis, and the patient was put on high-flow oxygen at 10 L/min through 
a face mask. The patient was diagnosed to have methemoglobinemia and was successfully treated with methylene blue and 
ascorbic acid. One hour post methylene blue injection showed a methemoglobin level of 1%, and the patient gradually im-
proved. Patients presenting with novaluron and indoxacarb poisoning require supportive treatment as there is no specific 
antidote. There should be a high index of suspicion for methemoglobinemia in such patients, and timely management is nec-
essary to prevent further complications. The patient was successfully managed and discharged after the 3rd day of admission.
Conclusion. The management of patients with novaluron and indoxacarb poisoning primarily involves supportive care, as 
there is currently no specific antidote available for these substances. Maintaining a high suspicion index for the development 
of methemoglobinemia and timely management of other complications is crucial for the best possible patient outcomes. 
Keywords. emergency department, indoxacarb, methemoglobinemia, novaluron, poisoning
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Introduction
The self-poisoning by agricultural pesticides is a com-
mon means of suicide in India.1,2 The problem is of par-
ticular concern in rural India, where a variety of highly 
hazardous pesticides are easily available in the home 
and work settings for use in routine agricultural needs.2 

The case fatality rates are significantly higher following 
these hazardous pesticides compared to other means 
of self-poisoning, such as with sedatives and analge-
sics.2 The case fatality rates following agriculture pes-
ticide poisoning in India range from 5–70% across the 
reported studies.2 There exists considerable variation 
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across the suicide rates from pesticides among the In-
dian states, where states with good economic develop-
ment and a higher proportion of populations engaged in 
agriculture documented a rising trend.2 Plethora (noval-
uron 5.25% + indoxacarb 4.5%) is a recently introduced 
broad-spectrum lepidopteran insecticide for agricultur-
al use in India and many parts of the world.3 While in-
cidents of isolated self-poisoning by indoxacarb have 
been reported, currently the documented evidence of 
human poisoning by novaluron is rare in the existing lit-
erature.4,5,6 There is only one reported case of novaluron 
and indoxacarb combination-induced poisoning in the 
literature that developed acute methemoglobinemia, 
and there is a need to shed more light on the challenges 
in the management of such rare agricultural insecticide 
poisoning given their growing agricultural use.6 

Aim
In this article, we present a case of self-poisoning with 
‘Plethora’ that was presented to our emergency depart-
ment (ED) with altered sensorium and cyanosis and 
successfully managed by a multidisciplinary team of 
the ED, with emphasis on the challenges encountered 
during treatment, culminating in the patient’s discharge 
on the third day after presentation. 

Description of the case
An 83-year-old male, presented at the ED with a history 
of deliberate ingestion of 50 ml of an insecticide suspen-
sion concentrate known as ‘PLETHORA’ (Fig. 1) in an 
attempt to end his life. Shortly after consuming the sub-
stance, he experienced a single episode of vomiting and 
dizziness. Upon inquiry, family members became aware 
of the incident and immediately sought medical assis-
tance. The patient was promptly taken to a nearby local 
hospital, where gastric lavage was performed before be-
ing referred to our hospital.

Fig. 1. Plethora insecticide containing novaluron 5.25% 
and indoxacarb 4.5%

Upon arrival at our ED, the patient presented 
with an altered sensorium, characterized by a drowsy 
state and a Glasgow Coma Scale score of 13 out of 15 
(E3V4M6). This altered level of consciousness is indic-
ative of neurological impairment, affecting the patient’s 

responsiveness and cognitive awareness. His vital signs 
included a pulse rate of 100 beats per minute, blood 
pressure of 132/82 mmHg, respiratory rate of 24 breaths 
per minute, and oxygen saturation of 82% on room air 
(Table 1). 

Table 1. Vital signs of the patient during hospitalization

Sl no Vital signs
Initial 

presentation
Day 1 Day 2

Day 3  
(at discharge)

1 Heart rate (rate/minute) 100 72 68 75

2 Blood pressure (mm/Hg) 132/82 122/82 118/78 124/86

3
Temperature  

(degree Fahrenheit)
98.6 99.0 98.2 99.5

4
Respiratory rate  

(rate/minute)
24 18 16 16

5 Spo2 (% in room air) 82 92 95 96

Bilateral respiratory sounds were normal. How-
ever, the patient displayed cyanosis, prompting the 
administration of high-flow oxygen at a rate of 10 L/
min through a face mask, which effectively main-
tained oxygen saturation at 88%. Arterial and venous 
blood samples were collected for comprehensive anal-
ysis, encompassing blood gas analysis, complete blood 
count, renal function tests, and liver function tests. 
Notably, the blood sample exhibited a muddy brown 
coloration, which was observed during the collection 
process. These clinical observations collectively indi-
cated a potential diagnosis of acute methemoglobin-
emia, subsequently confirmed by arterial blood gas 
analysis revealing a significantly elevated partial pres-
sure of oxygen (PO2) of 224.7 mmHg and an abnor-
mally high methemoglobin value of 35%.

Simultaneously, blood samples were sent for test-
ing to rule out the possibility of glucose-6-phosphate 
dehydrogenase (G6PD) deficiency. Meanwhile, the pa-
tient received intravenous administration of 500 mg of 
ascorbic acid, supplemental oxygen, and fluid therapy. 
Considering that the G6PD values fell within the nor-
mal range, an intravenous injection of methylene blue 
(50 mg, corresponding to 1 mg/kg of a 1% solution) in 
saline solution was administered over 5 minutes. Fol-
lowing the administration of methylene blue, the patient 
displayed the characteristic development of apple-green 
urine. One hour after the methylene blue injection, the 
methemoglobin (MetHb) level decreased to 1%, and the 
patient exhibited gradual improvement, with renal pa-
rameters returning to normal. Although the initial re-
nal function tests displayed deranged results, including 
urea levels of 46 mg/dL, creatinine levels of 1.66 mg/
dL, and a urea/creatinine ratio of 27.7, the urine out-
put remained within the normal range (Table 2). The pa-
tient was observed in the hospital for another 48 hours 
along with supportive management measures and dis-
charged on the third day of presentation.  The authors 
attest that the manuscript adheres to the standards of 
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CARE guidelines for clinical case reporting. Written in-
formed consent was obtained from the patient for pub-
lication in the journal.

Table 2. Laboratory data during hospitalization 
Parameters Initial 

presentation
Day 1 Day 2 Day 3  

(at discharge)

pH 7.320 7.430 7.365 7.401

PaO2 (mmHg) 224.7 110.5 96 99.1

PaCo2 (mmHg) 35 30.5 36 35

Base excess (mmol/L) - 4.3 -1.9 -1.4 -1.6

Bicarbonate (mmol/L) 18.3 22.1 24.2 22.2

Lactate (mmol/L) 3.40 1.07 1.20 1.01

Methemoglobin (%) 35 1 0.8% 0.9%

Fractional oxyhemoglobin (%) 58.4 94 94.4 96

Sodium (mEq/L) 133 140 144 145

Potassium (mEq/L) 4.41 4.01 4.05 3.68

Chloride (mEq/L) 99 – 105 110

Blood urea nitrogen (mg/dl) 21.47 – 20.73 10

Creatinine (mg/dl) 1.66 – 1.4 1.17

Discussion
Globally, pesticide mortality and morbidity associated 
with pesticide-related suicides pose a significant con-
cern, particularly in developing countries like India, 
where agriculture plays a central role in livelihoods.2 
Each pesticide compound exhibits variations in toxi-
cokinetics and/or dynamics, often necessitating spe-
cific medical management.2 Novaluron, classified as a 
benzoylphenylurea compound, acts as a chitin synthe-
sis inhibitor.7 It is reported to possess lower acute tox-
icity towards mammals and reduced risks to non-target 
organisms and the environment, distinguishing it from 
other insecticides.7 To date, there have been no docu-
mented cases of isolated novaluron poisoning, although 
animal studies have demonstrated elevated levels of 
methemoglobin upon exposure to the compound and 
one reported case of poisoning by novaluron and indox-
acarb combination product.6,8

Indoxacarb 4.5% belongs to the oxadiazine class 
and functions by blocking sodium channels in the insect 
nervous system.4,5 Several reports have indicated met-
hemoglobinemia following indoxacarb ingestion.4,5 Met-
hemoglobinemia occurs when the ferrous (Fe2+) ions of 
heme undergo oxidation to the ferric (Fe3+) state, im-
pairing the oxygen-carrying capacity of hemoglobin.4,5 
This process causes a leftward shift in the oxygen-disso-
ciation curve and compromised tissue oxygenation. The 
metabolism of indoxacarb in the body likely involves the 
cleavage of the parent compound and the production of 
aniline metabolites and aromatic compounds capable of 
generating methemoglobin through metabolism.4,9 In the 
present case, the presence of cyanosis and the observation 
of muddy brown-colored blood during sampling raised a 
strong suspicion of methemoglobinemia, which was sub-
sequently confirmed by arterial blood gas analysis (ABG). 

The primary approach to treating Plethora poison-
ing is supportive care. Depending on the patient’s con-
dition, fluid resuscitation and correction of metabolic 
abnormalities may be necessary.5 The therapeutic ap-
proach to methemoglobinemia involves a systematic 
regimen encompassing various pharmacological inter-
ventions and supportive measures tailored to mitigate the 
condition’s severity. Central to this strategy is the admin-
istration of methylene blue (MB), a paramount antidote 
utilized at a loading dose of 1–2 mg/kg over 5 minutes at 
intervals of 30–60 minutes, with a maximum cumulative 
dose not exceeding 7 mg/kg.4,5,10 Methylene blue acts by 
reducing methemoglobin through the action of the nic-
otinamide adenine nucleotide phosphate (NADPH) re-
ductase enzyme, significantly decreasing the half-life of 
methemoglobin from 15-20 hours to 40-90 minutes.10 
Concomitant administration of dextrose plays a pivotal 
role in this therapeutic paradigm, aiming to bolster NA-
DPH formation, a crucial step in the reduction of methe-
moglobin. The addition of dextrose serves as a facilitator 
in the enzymatic conversion of methemoglobin back to 
its functional hemoglobin form. In instances where MB 
therapy exhibits ineffectiveness, the consideration for ex-
change transfusion emerges as a plausible alternative, of-
fering a means to rapidly replace the affected blood with 
unaffected blood components.11 In our case, after rul-
ing out G6PD deficiency, the patient received 50 mg of 
methylene blue. Additional drugs, such as ascorbic acid, 
which can supplement NADH or NADPH, may be in-
dicated to expedite methemoglobin reduction via NA-
DPH reductase.4,5 Ascorbic acid, a component within the 
minor reduction pathway of methemoglobin, assumes 
significance as an adjunctive therapeutic option in cas-
es where MB therapy is contraindicated or ineffective.10-11 
The recommended dosage of ascorbic acid ranges from 1 
to 3 grams administered at eight-hour intervals, contrib-
uting to the reduction of methemoglobin levels via its in-
trinsic properties.10 In most instances, rapid response to 
methylene blue treatment is observed, although some pa-
tients may require repeated doses if symptoms persist. In 
our patient, a favorable response was observed following 
methylene blue administration, evidenced by a reduction 
in cyanosis and improvement in ABG values. The authors 
acknowledge that long-standing follow-up of the index 
case was not available, and that could have shed more 
light on the long-term effects of such rare poisoning. 

Conclusion 
The management of patients with novaluron and indox-
acarb poisoning primarily involves supportive care, as 
there is currently no specific antidote available for these 
substances. In such cases, it is crucial to maintain a high 
index of suspicion for the development of methemoglo-
binemia. Timely and appropriate management is essen-
tial to prevent the occurrence of further complications 
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and ensure the best possible outcomes for these patients. 
There is a need to study the long-term health effects of 
such rare poisoning to determine the need for support-
ive management measures and continuous follow-up. 
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ABSTRACT
Introduction and aim. Primary musculocutaneous lymphoma is extremely rare and associated with poor prognosis. Here, we 
present a case of refractory primary muscular lymphoma with overlying cutaneous involvement with the aid of 18F-Fluorode-
oxyglucose positron emission tomography/computed tomography (18F FDG PET/CT) for staging and treatment. 
Description of the case. We present the case of a 52-year-old man presented with musculocutaneous Hodgkin’s lymphoma 
having swelling and discolored areas over the left leg and right arm associated with itchiness.  Upon examination, there was 
scaling, erythema over the body with Gottron’s papules on knuckles and heliotrope rash. Skin and muscle biopsy were sugges-
tive of Hodgkin’s lymphoma. This patient was had primary musculocutaneous lymphoma. His diagnosis was delayed. PET/CT 
was performed for staging and response to treatment, which was suggestive of refractory disease. 
Conclusion. PET/CT plays a vital role in diagnosis, staging, response to therapy and helps in optimized treatment for these spe-
cific patients. 
Keywords. cutaneous lymphoma, muscular lymphoma, musculocutaneous Hodgkin’s lymphoma, refractory
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Introduction
Lymphomas are a heterogeneous group of neoplasm 
derived from lymphoid cell linages that vary widely in 
presentation, clinical features, and prognosis. Although 
extra nodal involvement of lymphoma is common, in-
volvement of muscular/ cutaneous/ musculocutaneous/ 
musculoskeletal lymphoma is rare because of nodal 
disease spread into the adjacent structures i.e. second-
ary.1-5 Hybrid imaging modalities like PET/CT are not 
routinely used for typical cutaneous lesions although if 
the typical cutaneous lesions have the presentation of 
paraneoplastic conditions as in our case, PET/CT defi-
nitely helps in early diagnosis, staging, early initiation of 
treatment, response evaluation, as well as changes in the 
treatment plan accordingly.   

Aim
We present a case of primary musculocutaneous Hod-
gkin’s lymphoma with a description of the clinical, 
pathological, radiological features and PET/CT findings 
and treatment history.

Description of the case
A 52-year-old man was presented to our hospital with 
complaints of swelling and discolored areas over the left 
leg and right arm associated with itchiness. Initially he 
started on treatment for varicose veins but his symp-
toms didn’t improve. Along with that, he complained of 
unintentional weight loss without any history of night 
sweats or fever. The patient was then referred to the der-
matology department for the discolored itchy lesions. 
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Upon examination, there was fine scaling with erythe-
ma/discoloration over the body predominantly right 
arm and left leg with Gottron’s papules on knuckles and 
heliotrope rash around the both eyes (Fig. 1). 

However, there was no complaint of any muscle 
weakness. Also, there were palpable lymph nodes in ax-
illary and inguinal regions. For clinical evaluation con-
trast enhanced magnetic resonance imaging of the right 
arm and left leg were performed which revealed ill-de-
fined heterogeneously enhancing soft tissue thickening 
with altered signals in subcutaneous tissue and muscles 
of flexor compartment of right arm and anterior, lat-
eral and superficial posterior compartment of left leg. 
Multiple enlarged right axillary lymph nodes were also 
noted. The findings were suggestive of an inflammato-
ry etiology likely dermatomyositis. The blood investi-
gation shows raised LDH, and C reactive protein. ESR 
and antinuclear antibodies were positive (3+, speck-
led). Based on clinical suspicion, laboratory findings 
and radiological investigation, provisional diagnosis 
of erythrodermic dermatomyositis was made. The pa-
tient underwent FNAC from right axillary lymph node 
and skin and muscle biopsy from the left leg and right 
arm. The cytology findings from the lymph nodes were 
suggestive of Hodgkin’s lymphoma and skin and mus-
cle biopsy showed infiltration by Hodgkin’s lymphoma 
likely mixed cellularity subtype. Immunohistochemis-

try was positive for CD 15 and CD 30 antigens. Then, 
the patient was referred to our department for a staging 
PET/CT, which revealed FDG avid multiple axillary, ab-
dominal, pelvic and inguinal lymph nodes along with 
FDG avid mixed sclerotic lytic lesion in few dorsolum-
bar vertebrae and pelvis. FDG avid soft tissue thicken-
ings were seen involving the cutaneous, subcutaneous 
tissue and muscle of upper arm, bilateral upper thigh 
& left lower leg. Patients had Deauville score 5. Accord-
ing to Lugano’s classification, the patient was staged as 
IVb.  The patient was then started on an ABVD regimen 
(adriamycin, bleomycin, vinblastine and dacarbazine). 

After 3 cycles of ABVD chemotherapy, interim 
PET/CT was performed, which was suggestive of partial 
response to therapy with significant reduction of size, 
number and metabolic activity of lymph nodes, bony 
and right arm and left leg lesions (Deauville score 4). 
Completion chemotherapy PET/CT findings were sug-
gestive of persistent hypermetabolism in right axil-
lary, pelvic and inguinal lymph nodes, skeletal lesions 
and right arm and left leg cutaneous, subcutaneous and 
muscular lesions (Deauville score 4). There is appear-
ance of similar type of cutaneous lesion in left arm. 
Then patient was switched to GDP regimen (gemcit-
abine, dexamethasone and cisplatin) and he underwent 
4 cycles of chemotherapy. The PET/CT was performed 
after 3 months to look for response to the second line 

Fig. 1. A: Heliotrope rash on face, hyperpigmented scaly skin lesions of B: right arm C: and left leg
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chemotherapy which revealed that there was increase in 
size and metabolic activity of axillary, pelvic and ingui-
nal lymph nodes with diffuse hypermetabolism in the 
spleen along with persistent cutaneous and muscular le-
sions (Deauville score 4). Previously metabolically ac-
tive bone lesions showed sclerosis with no FDG uptake. 
The PET/CT findings were suggestive of refractory dis-
ease (Fig. 2 and 3).  

Discussion
Hodgkin’s lymphoma previously known as Hodgkin’s 
disease is a rare monoclonal lymphoid proliferative dis-
ease with a high chance of being cured.6 It constitutes a 
significant proportion of malignancy with bimodal age 
distribution. The etiology and pathophysiology for dis-
ease remains unclear, however a few risk factors have 

been identified like familial predisposition, immuno-
compromised state, Epstein Barr virus or Human immu-
nodeficiency virus infection etc.7 The WHO has divided 
Hodgkin’s lymphoma into two major groups: classical 
Hodgkin’s lymphoma and nodular lymphocytic predomi-
nant. The classical Hodgkin’s lymphoma is more common 
than the nodular lymphocytic predominant and it is fur-
ther divided into 4 subgroups: nodular sclerosis, mixed 
cellularity, lymphocyte rich and lymphocyte depleted.8 
The disease is clinically characterized by the lymph node 
infiltration usually in the cervical, mediastinal and axil-
lary regions with contiguous lymph node group involve-
ment and may have extra nodal involvement.9

The involvement of other organs is usually limit-
ed to spleen, liver, bone or lungs; skin involvement is 
rare.10 Cutaneous lymphoma has non-specific findings 

Fig. 2. Maximum intensity projection (MIP) image of 18F FDG PET scan A: on staging PET demonstrate diffuse FDG uptake 
in right upper & bilateral lower extremities along with focal FDG uptake in right axillary, abdomino-pelvic and right 
inguinal region, B: interim PET demonstrate the partial response to treatment C: after 6 cycle of ABVD chemotherapy 
PET demonstrates appearance of new lesion in left upper extremity along with no significant change in previously seen 
extremity lesions after completion of chemotherapy D: post 4 cycle of GDP chemotherapy PET demonstrates decrease in 
metabolic activity of left upper extremity along with increased metabolic activity of previously seen extremity lesions and 
hypermetabolic spleen
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like pruritus, urticaria, papules, nodules, infiltrative 
plaques, hyperpigmentation, ichthyosis, ulcerative le-
sion or combined as erythroderma.11,12 The three meth-
ods for the involvement of skin in Hodgkin’s lymphoma 
have been proposed i.e. hematogenous dissemination, 
direct extension from the disease involved lymph nodes, 
and retrograde lymphatogenous spread from involved 
proximal lymph nodes. According to previously pub-
lished case reports, the most common route is supposed 
to be retrograde lymphatogenous spread from the in-
volved lymph nodes as in most of the cases the involved 
skin areas were drained by the involved lymph nodes.13 
However, in our case, there is involvement of muscle, 
subcutaneous and cutaneous tissue which can be either 
retrograde lymphatogenous spread or direct hematoge-
nous spread. The involvement of skin and muscle classi-
fies patient under stage IV (Ann Arbor staging system) 

and there is no specific therapeutic regimen for cutane-
ous involvement.

Lymphomatous involvement of muscles occurs in 
approximately 1.4% of cases, with 0.3% occurring in 
Hodgkin lymphoma and 1.1% in non-Hodgkin lym-
phoma.3 Primary cutaneous Hodgkin’s lymphoma is ex-
tremely rare entity with good prognosis.5 Here we are 
dealing with the refractory musculocutaneous Hod-
gkin’s lymphoma. Skeletal muscle lymphoma may be 
primary or secondary to invasion of the adjacent dis-
ease. Skeletal muscle lymphoma usually presents with 
painful enlargement of affected muscle representing as a 
diagnostic challenge to differentiate from various man-
ifestation like deep vein thrombosis and various other 
benign and alignment neoplasms of muscles and bone.3  
In our patient, there were muscular lesions with cutane-
ous manifestations and these made definitive diagnosis 

Fig. 3. Maximum intensity projection (MIP) image of staging 18F FDG PET scan A: axial section at the level of mid arm of CT 
and corresponding PET/CT shows metabolically active musculocutaneous lesion with enlarged muscles of left extremity 
without CT attention changes in muscles B and C: coronal and axial sections of CT and corresponding PET/CT show 
metabolically active bilateral semitendinosus, left leg muscles and overlying skin lesions without CT changes in enlarged 
affected muscles
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complicated and delayed. The patient was treated with 
six cycles of ABVD and followed by three cycles of the 
GDP regime. The patient showed partial remission after 
three cycles of chemotherapy after that refractory.

PET/CT is helpful in early diagnosis and initiation 
of optimal treatment in such fairly rare cases. In our 
case, there was a delay in diagnosis and start of the treat-
ment. The actual disease burden is much more than clin-
ical presentation. As on CT, skeletal muscle lymphomas 
are either iso/ hypodense and these lesions are metabol-
ically active on FDG PET/CT i.e. occult disease involve-
ment or identifying extracutaneous disease. As we know, 
the stage of the disease is the most important predictor 
of the prognosis in primary cutaneous lymphoma and 
PET/CT provides the actual stage of the disease which 
guides the clinician for optimal individualized patient 
centered treatment plan selection. PET/CT provides not 
only the actual global disease burden in primary cutane-
ous/ musculocutaneous lymphoma but it also provides 
the quantitation of overall disease burden.14 Quantita-
tive data helps in response evaluation, restaging, surveil-
lance and prognostication.  

Conclusion
Primary muscle/musculocutaneous lymphoma is ex-
tremely rare. Patients of musculocutaneous lymphoma 
usually presented with pain, muscle enlargement with or 
without regional lymphadenopathy along with cutaneous 
lesions. On CT, masses are usually isodense to muscle. 
FDG PET/CT play a vital role in detection of muscle/ cu-
taneous involvement that is occult on CT. FDG/CT is also 
helpful in diagnosis, staging, therapeutic response evalua-
tion with significant impact on therapeutic decisions, re-
staging, surveillance and prognostication.
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ABSTRACT
Introduction and aim.  An extraoral cutaneous sinus tract of endodontic origin represents a skin condition that appears due 
to an infection that could be primary or secondary to trauma accompanied by alveolar bony changes. It may be easily misdi-
agnosed and inappropriately treated due to lack of inadequate expertise on part of medical professionals followed by faulty 
treatment which can complicate the case further.
Description of case. This case report intends to highlight a case of a sixteen-year-old male patient referred for an extraoral cu-
taneous sinus tract misdiagnosed and insufficiently treated by a general physician followed by general dentists for more than 
a month due to lack of proficiency in the field of endodontics. The clinical and radiographic examinations confirmed the pulpal 
origin due to trauma related to permanent mandibular incisors. A combination of non-surgical root canal therapy followed by 
periapical surgery was performed leading to a significant healing of the lesion.
Conclusion. Accurate diagnosis is the key to treat draining sinus tracts of endodontic origin. Root canal treatment and end-
odontic surgery should be used judiciously for effectively eliminating the pathogens thus providing healing and repair mech-
anisms a chance to achieve the desired result.
Keywords. CBCT, cutaneous sinus tracts, diagnostic errors, healing, root canal treatment, surgical management
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Introduction
Chronic periapical abscess of pulpal or endodontic or-
igin may drain through a sinus tract intraorally or ex-
traorally. Cutaneous sinus tract of endodontic origin is 
relatively rare and generally may get misdiagnosed and 
inappropriately treated because of the absence of any spe-
cific signs and symptoms.1 Cutaneous sinus tract is de-
fined as a pathologic canal leading from an enclosed area 
of inflammation or infection that opens to an epitheli-
al surface of the face or the neck.2 The causes of chronic 

periapical abscess may include pulpal inflammation due 
to caries, trauma, parafunctional habits etc. The drainage 
of sinus tract depends upon various factors such as the 
location of the involved tooth, position of the tooth root’s 
apex in relation to muscle attachments, virulence of the 
microflora, decreased immunity of the host and least re-
sistance provided by the underlying structure.3

There are several factors influencing the success rate 
of apical surgery that must be considered when consid-
ering apical surgery as a treatment alternative which 

https://creativecommons.org/licenses/by/4.0/
http://www.ejcem.ur.edu.pl
https://orcid.org/0000-0002-2746-9525
http://dx.doi.org/10.15584/ejcem.2024.2.20
mailto:rohilla.smriti1989%40gmail.com?subject=


458 European Journal of Clinical and Experimental Medicine 2024; 22 (2): 457–461

includes: lesion size, preoperative pain, tenderness to 
percussion, fistula and resurgery.4

Aim
The main objective of this case report is to present a case 
of a sixteen-year-old male patient who was earlier mis-
diagnosed for an extraoral cutaneous sinus of endodon-
tic origin and after identification of cause and proper 
diagnosis underwent a combination of non-surgical 
and surgical endodontic treatment with a follow up of 
15 months CBCT. 

Description of the case
A sixteen-year-old healthy male patient of Indian ori-
gin reported to Department of Conservative Dentistry 
and Endodontics with a chief complaint of occasion-
al pus discharge and pain in lower front tooth region 
and chin for the past month. Medical and family histo-
ry was found to be non-contributory. Dental history re-
vealed a history of a bike accident one year prior. There 
was no history of unconsciousness and bleeding from
the mouth or nose. The patient went to a local medi-
cal practitioner to show his chin area initially and then 
to a general dental practitioner where root canal treat-
ment was initiated in 31, 32, 41 and 42. Also, a second 
general dental practitioner who reattempted root canal 
therapy in 31, 32, 41 and 42 one week back because pa-
tient’s symptoms were not getting relieved. The patient 
also gave history of being prescribed antibiotics course 
and painkillers, the course of which he duly completed.

Fig. 1. Preoperative clinical photograph showing extraoral 
draining sinus on the chin

Clinical examination revealed an extra oral draining 
sinus in the chin area (Fig. 1). Intraoral examination re-
vealed access opening done in 31, 32, 41 and 42. There 

was no pus discharge intraorally. Radiographic exam-
ination revealed ill-defined radiolucency in periapical 
area w.r.t 31, 32, 41 and 42. Radiopaque root canal fill-
ing was seen in 31 and 41 extending periapically and ra-
diopaque material was seen in the internal structure of 
the lesion suggestive of a piece of Gutta Percha.

CBCT was conducted for the patient. It showed a 
well-defined periapical lesion with size 18 mm (Me-
sio-distally), 14.3 mm (Superio-inferiorly), 11.5 mm 
(Anterio-posterior) crossing the midline with destruc-
tion of labial cortical plate and intact lingual cortical 
plate in the symphyseal region and a broken piece of 
Gutta Percha was visualized (Fig. 2).

 
Fig, 2. CBCT reconstructed images showing the lesion and 
dislodged Gutta Percha point

Bilateral incisive canals were found to be in contact 
with the lesion (Fig. 3). Preoperative 3D volume was 
1350 mm3 and it was calculated using ITK-Snap soft-
ware (Version 4.0.0).

Fig. 3. CBCT reconstructed panoramic image showing 
the lesion and the course and the proximity of bilateral 
mandibular incisive nerve

A final diagnosis of previously treated 31, 32, 41 
and 42 with chronic periapical abscess with extraoral 
cutaneous sinus tract in relation with 31 and 41 due to 
trauma was given. The treatment plan was formulated 
advising re-root canal treatment in 31, 32, 41 and 42 fol-
lowed by apicoectomy in 31, 32, 41, 42 along with surgi-
cal removal of dislodged Gutta Percha.

The complete treatment plan, benefits and risks were 
explained to the patient and consent was taken prior to 
the commencement of the treatment. Also, blood hemo-
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gram tests were conducted before surgery, revealing the 
values to be within normal physiologic limits. Indicated 
teeth were endodontically retreated. Access opening was 
modified and thorough biomechanical preparation was 
done followed by placement of calcium hydroxide dress-
ing. Teeth were restored with cavit and the patient was 
then recalled after 2 weeks. On the next appointment, 
after removal of calcium hydroxide and thorough irri-
gation, the canals were obturated with MTA as obturat-
ing the canals with MTA offers a novel method to treat 
complicated endodontically involved teeth that may not 
have responded using traditional filling materials and 
sealers when extensive periapical pathosis is present.

On the day of surgery, all the steps were carried out 
in aseptic conditions. Preoperative mouth rinse with 

0.15% chlorhexidine was done for the patient. Local 
anesthesia 2% lignocaine (LIGNOCAD ADR, Cadi-
la Pharmaceuticals) containing 1:200000 epinephrine 
solution was administered. After the incision, a full mu-
coperiosteal flap was raised. Osteotomy was performed 
under copious water spray using a straight micromotor 
handpiece with a bone-cutting bur. Removal of granula-
tion tissue was done using curettes. The dislodged Gutta 
Percha piece was visualized and removed from the peri-
apical area. Bony cavity was debrided and copious irri-
gation with saline was done. Apical 3 mm of root were 
resected in 31, 32, 41 and 42. 5 ml of blood was collected 
from the patient and fresh PRF was formed in a centrif-
ugation machine (10 min) followed by its placement in 
the bony cavity to provide growth factors and enhance 

Fig. 4. Intraoperative records, A: Flap reflection, B: Visualization of GP in periapical area, C: Debrided bony cavity, D: Retrieved 
GP, E: Blood Sample collection, F: PRF formation, G:P RF placed, H: Flap repositioning and suturing, I: Immediate post-
operative IOPA

Fig. 5. Periodic radiographic follow up, A: 1 week, B: 1 month, C: 3 months, D: 6 months, E: 9 months, F: 12 months, G: 15 months
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healing. Interrupted sutures were placed and post-op-
erative instructions and medications were prescribed 
(Fig. 4). Suture removal was done after 1 week. 

Periodic follow-ups were done at 1 week, 1 month, 3 
months, 6 months, 9 months, 12 months and 15 months 
to track down the periapical healing (Fig. 5). 15 months 
follow-up CBCT was also done for the patient (Figure 6) 
showing remarkable healing and bone formation. Post-
operative 3D volume was 52.87 mm3 and it was calculat-
ed using ITK-Snap software (Version 4.0.0). The overall 
reduction in the volume of the lesion was determined to 
be approximately 96% at the end of 15 months.

Fig. 6. 15 months CBCT follow-up 

Discussion
Cutaneous sinus tract of endodontic origin are relative-
ly uncommon lesions, so misdiagnoses and inappropri-
ate treatment often arise.5 Due to their presence in head 
and neck region, they are of special interest to medical 
fraternities as well especially dermatologists, ENT and 
general practitioners.1 In our case also, the patient vis-
ited a general medical practitioner first followed by two 
general dental practitioners. However, the patient could 
not get appropriate treatment due the lack of their fi-
nesse in the field of endodontics. Such diagnostic and 
therapeutic misfortune highlights the importance of 
combined efforts and participation between medical 
and dental practitioners in the management of patients 
with head-and-neck lesions.6,7

The clinical differential diagnosis in such cases of 
cutaneous sinus tract includes pustule, actinomycosis, 
osteomyelitis, orocutaneous fistula, neoplasms, and lo-
cal skin infections (carbuncle and infected epidermoid 
cyst). Other lesser common causes are salivary gland 
fistula, thyroglossal duct cyst, branchial sinus, dacryo-
cystitis, and suppurative lymphadenitis.8 Pustule(s) are 
frequently noted and generally found to have a super-
ficial location and a short course. Actinomycosis gen-
erally shows multiple draining lesions and presence of 
fine yellowish granules in the purulent discharge is its 
characteristic finding. Osteomyelitis of jaw rarely gives 
rise to a cutaneous sinus and usually occurs second-
ary to some type of exogenic trauma, acquired infec-
tion after extraction of diseased or grossly carious teeth, 
impacted teeth, or retained roots. Neoplasms tradition-

ally involves fixation to underlying structures. Carbun-
cle mostly shows involvement of hair follicles.  Salivary 
gland fistula is a communication between the skin and 
mainly the parotid gland or the parotid duct that al-
lows external drainage of saliva through the skin and 
mimics as a cutaneous sinus. Thyroglossal duct cyst and 
branchial sinus are developmental anomalies and they 
present as a midline neck mass at or below the level of 
the hyoid bone. The presence of history of trauma and 
root canal therapy in mandibular anterior teeth along 
with clinical and radiographic findings helped us in 
concluding to the final diagnosis of previously treated 
31, 32, 41 and 42 with chronic periapical abscess with 
extraoral cutaneous sinus tract in relation with 31 and 
41 due to trauma.

Mineral trioxide aggregate (MTA) was incipiently 
introduced to dentistry as a root-end filling and perfo-
ration repair material exhibiting excellent biocompat-
ibility and osteoconductivity properties. MTA canal 
obturation can offer noticeable benefits by promot-
ing the repair of the periodontium and the support-
ing structures of the tooth. The induction of cellular 
repair responses by a filling material that can promote 
cementum deposition, encourage bone formation and 
periodontal ligament regeneration must be considered 
a significant step forward when treating teeth compro-
mised by long-standing disease and failed conventional 
treatments. In our case also, the canals were obturated 
with MTA to prevent coronal microleakage as it was a 
retreatment case with complicated root canal anatomy 
with a colossal periapical pathosis due to previous at-
tempt for treatment.9 Bogen G and Kuttler S (2009) pre-
sented a review and case series demonstrating the use 
of MTA and its significance as an obturating material in 
diverse clinical situations.10

An apicoectomy (also known as surgical endodon-
tics, peri-apical surgery, or peri-radicular surgery) 
should be considered only when conventional endodon-
tic root filling or re-treatment (root canal treatment) 
techniques have failed. Periapical surgery has been 
found to have 37% to 91% success rate depending upon 
the skills of the operator and the specific techniques 
used; and is evaluated through clinical and radiograph-
ic follow-ups.11,12 The clinicians should provide the pa-
tient with as much information as is appropriate and 
pertinent and should be in terms that the patient under-
stands. The risks and benefits related to the treatment 
and prognosis should be personalized for that individ-
ual patient. Also, there should be enough time for the 
patient to understand the information given and get a 
second opinion if needed. The present case also showed 
momentous healing in six months radiographically after 
the periapical surgery.

PRF has a good healing potential with various 
growth factors. It accelerates the new bone formation 
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and acts as a scaffold due to its dense fibrous nature. It 
releases growth factor for longer period as it gets slow-
ly absorbed by the host. PRF in combination with bone 
mineral has been found to have the ability to increase 
the regenerative effects in intrabony defects.13 The deci-
sion to use PRF as a grafting material was made in the 
present case to provide scaffold for growth factors and 
expedite the natural process of healing.

Cone beam computed tomography (CBCT) has be-
come a well acknowledged imaging modality in the den-
tomaxillofacial region in recent times to evaluate the 
actual extension of the lesion and confirm the offending 
tooth. In comparison with periapical radiographs, CBCT 
examination allows more accurate measurements of the 
lesion limits in all three planes, the observation of its con-
tent, and also its direct relation to the root canal.14 CBCT 
proved to be an adjunct in the true estimation of the size 
of the lesion, localization of dislodged Gutta Percha, de-
termination of nerve proximity and finally the healing 
status at the end of 15 months in this present case.

Study limitations
Authors suggest that the findings or treatment plan of 
this particular isolated case should be cautiously applied 
to the general population and more cases should be re-
ported to enrich the existing scientific literature.

Conclusion
Accurate diagnosis is the key to treat draining sinus tracts 
of endodontic origin. Successful management of odonto-
genic extraoral sinus tracts with pulpal pathology depends 
on both preoperative and intraoperative conditions. Sur-
gical management can prove to be an adjunct for speedy 
management of such cases. Root canal treatment and end-
odontic surgery should be used judiciously for effective-
ly eliminating the pathogens thus providing healing and 
repair mechanisms a chance to achieve the desired result.
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ABSTRACT
Introduction and aim. Granulomatosis with polyangiitis (GPA), formerly known as Wegener’s granulomatosis, presents a formi-
dable challenge in the realm of autoimmune diseases. 
Granulomatosis, characterized by vasculitis and granuloma formation, exhibits diverse clinical manifestations. The rarity of GPA 
is evident, with an estimated incidence between 0.4 and 11.9 cases per 1 million person-years. The aim of this report is to show 
the complex diagnostic challenges inherent in GPA, demonstrating the diagnostic process from initial symptoms.
Description of the case. This case report unfolds the diagnostic journey of a 52-year-old Caucasian male. The presented case, 
initially suspected as a respiratory infection, led to a comprehensive investigation owing to persistent symptoms, abnormal 
blood counts, and elevated inflammatory markers. This narrative aims to depict the patient’s diagnostic journey. Key diagnostic 
tools include ANCA testing, imaging studies, and tissue biopsy. Pulmonary nodules, lymphangitic changes, and renal involve-
ment culminating in a GPA diagnosis confirmed by positive ANCA and anti-PR3 antibodies. The successful management of this 
case involved a tailored therapeutic regimen, including cyclophosphamide and methylprednisolone, addressing both vascu-
litic and renal components. 
Conclusion. This case contributes to the understanding of atypical presentations of GPA, emphasizing the importance of a ho-
listic and dynamic diagnostic approach.
Keywords. autoimmune diseases, granulomatosis with polyangiitis, vasculitis
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Introduction
Granulomatosis with polyangiitis (GPA), previously 
known as Wegener’s granulomatosis, stands as a chal-
lenging autoimmune disease.1 It is characterized by the 
inflammation of small- to medium-sized blood vessels 
(vasculitis) and the formation of granulomas in vari-
ous organs.2 In this case, we would like to present the 
journey of a patient’s diagnostic path, which serves as 
a striking example of the difficulties in identifying this 
disorder.

Granulomatosisis a rare autoimmune disease with a 
relatively low incidence, estimated to range between 0.4 
and 11.9 cases per 1 million people per year.3 It affects 
individuals across both genders, with equal numbers of 
males and females.3 Onset of this disease typically occurs 
between the ages of 45 and 65 years.3 There is a higher 
prevalence of GPA among individuals of White ethnicity.3 

Notably, the incidence of GPA appears to have increased 
in recent decades, possibly due to greater awareness and 
improved diagnostic capabilities, particularly with the in-
troduction of ANCA (anti-neutrophil cytoplasmic an-
tibody) testing.4 In a Polish study, 1491 patients (749 
females and 742 males), all of whom were admitted to the 
hospital for the first time with a diagnosis of GPA, was 
conducted between 2011 and 2015. The average annual 
incidence of GPA in Poland was estimated at 7.7 cases 
per million within the population (95% CI, 4.1–11.4), and 
the point prevalence stood at 38.4 cases per million at the 
end of 2015.5 Interestingly, it was observed that the high-
est rate of newly diagnosed GPA cases occurred during 
the month of January.5 This temporal pattern in GPA in-
cidence warrants further investigation to better under-
stand the potential seasonal variations and contributing 
factors to the disease’s occurrence.6

Antineutrophil cytoplasmic antibodies (ANCA) 
play a crucial role in the pathogenesis and diagnosis of 
GPA.7 ANCA antibodies are a hallmark feature of GPA 
and are central point to understanding the autoimmune 
nature of this condition.8 In GPA, the immune system 
mistakenly produces ANCA antibodies, specifically pro-
teinase 3 (PR3-ANCA).8 When ANCA antibodies bind 
to neutrophils, they activate these immune cells, lead-
ing to the release of inflammatory mediators and the 
initiation of an autoimmune response.9 The activated 
neutrophils adhere to the blood vessel walls, contribut-
ing to inflammation and damage to the small- to medi-
um-sized blood vessels in various organs.9 PR3-ANCA 
is particularly indicative of GPA.10 ANCA testing is of-
ten used to support the clinical diagnosis of GPA, es-
pecially when other clinical and laboratory findings are 
suggestive of the disease.11

The symptoms of GPA can vary widely from one 
individual to another and may affect multiple organ 
systems.12 Common symptoms of GPA include constitu-
tional signs such as fever, asthenia, recurrent low-grade 

fevers, and weight loss, with approximately 50% of pa-
tients experiencing these manifestations, which contrib-
utes to the complexity of its clinical presentation.2 

Ear, nose and throat (ENT) signs are present in 
70%, even up to 100% of cases at diagnosis.2 Respira-
tory symptoms are prevalent, including chronic sinus-
itis, rhinitis, and a persistent cough with blood-tinged 
sputum. Shortness of breath may arise due to lung in-
volvement, which affects 50% to 90%.2 Renal symptoms, 
occurring in a significant percentage of cases, manifests 
with hematuria and proteinuria, often presenting as fo-
cal segmental necrotizing glomerulonephritis accompa-
nied by extracapillary proliferation and pauci-immune 
crescent formation.13

Musculoskeletal symptoms could be present in two-
thirds of patients at the onset of the disease involve joint 
pain and swelling.14 Cutaneous manifestations are re-
ported in approximately 23% of patients, including skin 
rashes, ulcers, and purpura resulting from blood vessel 
inflammation.2,15 Ocular symptoms encompass eye in-
flammation, with potential complications such as redness, 
pain, and vision changes.16 Neurological involvement, 
though less frequent, may lead to headaches, peripheral 
neuropathy, and severe neurological complications.17 

To classify a patient with a diagnosis of small- or 
medium-vessel vasculitis as having GPA, the cumulative 
score had to be equal to or exceed 5 points. These cri-
teria provide a valuable tool for accurately diagnosing 
GPA while distinguishing it from other vasculitis and 
vasculitis mimics (Table 1).18

Table 1. The classification criteria for GPA18

Criteria Points

Bloody nasal discharge, nasal crusting, or sino-nasal congestion 3

Cartilaginous involvement 2

Conductive or sensorineural hearing loss 1

Cytoplasmic antineutrophil cytoplasmic antibody (ANCA) or anti-
proteinase 3 ANCA positivity

5

Pulmonary nodules, mass, or cavitation on chest imaging 2

Granuloma or giant cells on biopsy 2

Inflammation or consolidation of the nasal/paranasal sinuses on 
imaging

1

Pauci-immune glomerulonephritis 1

Perinuclear ANCA or antimyeloperoxidase ANCA positivity -1

Eosinophil count ≥1×109/L -4

Researchers are exploring various strategies for the 
treatment of autoimmune diseases such as GPA and 
eosinophilic GPA (EGPA).19 These investigations en-
compass evaluating the advantages of higher-dose glu-
cocorticoid (GC) therapy over standard dosing in terms 
of faster inflammation control and potential reductions 
in relapses.19 Prolonged use of GCs increases the risk of 
various adverse effects.20 Recent trials assessing induction 
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therapy in GPA have encompassed both new-onset and 
relapsing patients.21 Notably, in the largest trial compar-
ing rituximab (RTX) and cyclophosphamide (CYC) for 
remission induction, relapsing patients exhibited higher 
remission rates at 6 and 12 months with RTX.21 In con-
trast, patients in the CYC arm were switched to receive 
azathioprine (AZA) for 12–15 months.22,23 Consequently, 
RTX is favored for treating relapsing patients.21

Researching novel immunomodulators like JAK in-
hibitors as alternative therapies, potentially offering few-
er side effects but requiring a thorough evaluation for 
safety and potential unknown risks.24 Gaining insights 
into the long-term effectiveness and safety of avacopan 
as an induction and maintenance therapy compared to 
standard treatments, understanding potential limita-
tions or side effects.25 C5a blockade can replace GCs for 
induction and extended use, reducing the adverse effects 
associated with long-term GC therapy while consider-
ing potential limitations.25 These research objectives aim 
to enhance the treatment of autoimmune diseases, striv-
ing to optimize therapeutic benefits while minimizing 
potential harm and side effects.19

Aim
The aim of this report is to offer a comprehensive view 
of the diagnostic journey for GPA, emphasizing the effi-
ciency of the diagnostic process. The selected case serves 
as an illustration of the typical diagnostic challenges as-
sociated with GPA, detailing the progression from the 
onset of symptoms to the eventual identification of the 
disease. By presenting this case, we hope to shed light on 
the various pitfalls, missteps, and frustrations that often 
accompany the diagnosis of GPA, ultimately serving as 
a valuable resource for medical practitioners. 

Description of the case
The patient, a 52-year-old male, presented for the first 
time to his family doctor in early April with a per-
sistent dry cough and weakness lasting for two weeks 
that was diagnosed as an upper respiratory tract infec-
tion. He had no history of chronic illnesses, but expe-
rienced occasional generalized joint pains, self-treated 
with NSAIDs. In his medical history, there was a 20-cig-
arette-per-day smoking habit and excessive alcohol con-
sumption (1-2 beers per day). The doctor prescribed a 
syrup with levodropropizine and doxycycline. The pa-
tient was referred for tests (complete blood count, CRP, 
creatinine, lipid profile, and glucose concentration) with 
a follow-up appointment scheduled in 3 days).

The test results revealed leukocytosis 12.3×103/μL 
(normal range: 4.2-9.1×103/μL), significant thrombo-
cytosis 527x103/μl (normal range: <450×103/μL), ele-
vated CRP 5.42 mg/dL (normal range: 0–5 mg/dL) and 
increased glucose levels 6.08 mmol/L (normal range: 
3.9–5.5 mmol/L). Other results, including creatinine, 

were within normal ranges. In mid-May, the patient re-
turned with generalized musculoskeletal pain, tender-
ness, restricted mobility in shoulder and elbow joints, 
and bilateral hand numbness. Symptomatic treatment 
was initiated: etoricoxib 60 mg tablets, diclofenac in a 
series of 10 injections (75 mg/3 mL), and a supplement 
containing vitamins B12, B6, thiamine. A follow-up 
consultation was scheduled for a week later. During the 
follow-up, the patient still experienced pain and numb-
ness, fever (up to 39°C), and loss of appetite. He report-
ed a weight loss of approximately 10 kg in 2 months. 
Urgent referral to the internal medicine department was 
made for further diagnostic investigation.

Upon admission, the patient was generally in good 
condition, tachycardic (110/min), without peripheral ede-
ma but with slightly enlarged supraclavicular and axillary 
lymph nodes on the left side and erythematous lesions with 
desquamation on the upper back. Laboratory tests showed 
leukocytosis 15.25×109/L (normal range: 4.9-9.1×103/μL), 
mild normocytic anemia 10.6 g/dl (normal range: 13.7–
16.5 g/dL), significant thrombocytosis 1069×109/L (nor-
mal range: <450×103/μL), elevated ESR 69 mm/h (normal 
range: 1–20 mm/h), CRP 213.3 mg/L (normal range: 0-5 
mg/dL), hyperuricemia 566 μmol/L (normal range: 202–
417 μmol/L), hyperkalemia 6.3 mmol/L (normal range: 
3.5–5.1 mmol/L), D-dimer 6.99 μg/mL (normal range: 
0–0.5 μg/mL), and positive rheumatoid factor (RF) at 
184.4 IU/mL (normal range: <14 IU/mL). Protein and al-
bumin levels in serum were decreased. Kidney parame-
ters revealed an elevated creatinine concentration of 387.7 
μmol/L (normal range: 62–106 μmol/L), with an eGFR of 
15.14 mL/min/1.73 m2 (normal range: >90 mL/min/1.73 
m2), and urea of 16.9 mmol/L (normal range: 2.76–8.07 
mmol/L). The urinalysis revealed the absence of bacteria, 
leukocyturia, and significant proteinuria 0.45 g/L. Dys-
morphic red blood cells were also observed. Chest X-ray 
revealed extensive shadowing at the apex of the right lung, 
an oval shadow in the lower part of the left lung, and a 
nodular lesion at the apex of the left lung requiring further 
investigation with contrast-enhanced CT.

Pulmonology consultation was initiated, and a 
non-contrast CT revealed a polycyclic tumor (66×65×61 
mm) in the upper lobe of the right lung with pleural in-
volvement extending to the upper pole of the right hi-
lum, and lymphangitic carcinomatosis-like changes 
around the tumor (Fig. 1).

Additionally, a polycyclic tumor (26×36×43 mm) 
was observed at the apex of the left lung, and a 9 mm 
nodule with lymphangitic carcinomatosis-like changes 
was present in the left lung (Fig. 2).

A small amount of fluid in both pleural cavities and 
enlarged lymph nodes in segments 1 and 2, as well as a 
30×25 mm nodule in the left segment 6, were noted. Ul-
trasound of lymph nodes showed altered echogenicity 
in several left supraclavicular lymph nodes.
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In-hospital treatment included intravenous hydra-
tion, broad-spectrum antibiotic therapy, allopurinol, 
painkillers, low-molecular-weight heparin adjusted to 
eGFR, and acetylsalicylic acid. Due to worsening ane-
mia and the presence of fresh blood in the stool, acetyl-
salicylic acid was discontinued and 2 units of red blood 
cell concentrate were transfused. Furosemide was add-
ed to the therapy for lower limb edema, with a positive 
response. A rheumatology consultation led to the ini-
tiation of steroid therapy for suspected paraneoplastic 
syndrome-related bone and joint pain. A nephrology 
consultation was requested due to rising kidney param-
eters despite optimal conservative treatment and good 
diuresis. The patient was not deemed eligible for renal 
replacement therapy until metastatic spread of cancer 
was ruled out. A bronchoscopy was performed a week 
after admission, with no evidence of tumor cells in the 
material collected for general culture. However, a lymph 
node biopsy was recommended for histopathological 
examination, leading to an urgent referral to a highly 
specialized thoracic surgery department in case histo-
pathological verification was needed.

Despite a high suspicion of cancer, a histopatholog-
ical examination did not confirm the cancer hypothesis. 
Instead, positive results for ANCA antibodies and an-

ti-PR-3 antibodies were obtained, leading to suspicion 
of granulomatosis with polyangiitis. In early July, the pa-
tient was admitted to the clinic for confirmation of the 
diagnosis and initiation of treatment.

Upon admission, the patient was in good general 
condition but with dyspnea and lower limb edema. Bron-
choscopy with EBUS was performed during hospitaliza-
tion to definitively rule out cancer. Immunological tests 
revealed positive ANCA antibodies (1:160), positive an-
ti-PR3 antibodies (28 IU/mL), while anti-MPO and an-
ti-GBM were negative. Kappa and lambda light chains in 
serum were elevated in equal proportions. Levels of im-
munoglobulins IgA, IgG, IgM, and complement compo-
nents C3 and C4 were normal. The final diagnosis was 
confirmed as granulomatosis with polyangiitis.

The worsening renal function necessitated hemo-
dialysis, and a kidney biopsy was performed due to 
suspected secondary membranous nephropathy. The 
biopsy revealed features consistent with the late stage 
of proliferative extracapillary glomerulonephritis with 
crescents. Therapy with cyclophosphamide (CTX) at a 
dose of 1g, along with oral methylprednisolone at a dose 
of 32mg and prophylactic trimethoprim/sulfamethox-
azole 480 mg, was initiated. A permanent catheter was 
implanted in the left internal jugular vein, and 7 plas-

Fig. 1. CT of the chest with polycyclic tumor in the upper lobe of the right lung with pleural involvement
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mapheresis procedures were performed during hos-
pitalization. Two weeks after the first CTX pulse, the 
second pulse (900 mg) was administered, and anti-PR3 
antibody levels were measured at 1.4 IU/mL. The pa-
tient was discharged after three weeks of hospitalization 
in a stable condition, appropriate for coexisting condi-
tions, with ongoing recommendations until the results 
of the histopathological examination and immunolog-
ical tests (ANA, ANCA, anti-GBM, and serum protein 
electrophoresis) were obtained. The histopathological 
examination did not confirm the cancer hypothesis, but 
positive results for ANCA antibodies and positive an-
ti-PR-3 antibodies were obtained. Suspecting granulo-
matosis with polyangiitis, the patient was admitted to 
the clinic in early July for confirmation of the diagno-
sis and initiation of treatment. In addition to methyl-
prednisolone and trimethoprim/sulfamethoxazole, the 
patient received metoprolol 25 mg, amiodarone 200 mg 
(both medications administered due to paroxysmal atri-
al fibrillation episodes observed in the ward), calcitriol 
0.25 μg, calcium carbonate 1000 mg, and proton pump 
inhibitor 20 mg. Two weeks later, the patient was read-
mitted to the clinic for the administration of three puls-
es of cyclophosphamide (CTX) at a dose of 900 mg each 
and assessment of disease activity. Currently, the indi-
vidual has completed five pulses of CTX (fourth and 
fifth doses also at 900 mg each) without complications, 
and the methylprednisolone dose is being gradually re-
duced.

Discussion
The presented case outlines the complex diagnostic 
journey of a 52-year-old male who initially sought med-
ical attention for a persistent dry cough and weakness, 
attributed to an upper respiratory tract infection. The 
patient’s subsequent clinical course unfolded with atyp-
ical musculoskeletal symptoms, constitutional features, 
and unexplained laboratory abnormalities, prompting 
a multidisciplinary investigation. The initial therapeu-
tic approach, combining levodropropizine and doxycy-
cline, was chosen based on the presumptive infectious 
etiology. However, the persistence of symptoms and the 
emergence of systemic manifestations led to a compre-
hensive workup, revealing abnormal blood counts, el-
evated inflammatory markers, and deranged glucose 
metabolism.

Notably, the patient’s history of smoking and ex-
cessive alcohol consumption raised concerns about po-
tential contributing factors. The onset of the disease, 
starting with nonspecific symptoms of the upper respi-
ratory tract, is common, yet it is not a specific symptom 
and may lull the doctor’s vigilance.2

Subsequent evaluations, including imaging studies, 
unveiled pulmonary nodules and lymphangitic carcino-
matosis-like changes. Weight loss, fever, and changes in 
lung imaging in a patient could suggest a developing neo-
plastic process. Various cases of initial suspicion of neo-
plastic disease are described before the diagnosis of GPA 
is established.26 Despite initial suspicions of malignancy, 
the absence of tumor cells in bronchoscopic material and 

Fig. 2. CT of the chest with polycyclic tumor was observed at the apex of the left lung
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the subsequent identification of specific autoantibodies 
underscore the challenges in distinguishing autoimmune 
conditions from neoplastic processes. The clinical presen-
tation, coupled with positive anti-PR-3 antibodies, shift-
ed the diagnostic focus towards GPA. The significance of 
renal involvement became apparent, necessitating hemo-
dialysis and a kidney biopsy, ultimately confirming the 
presence of proliferative extracapillary glomerulonephri-
tis. Plasma exchange was also used in this case to reduce 
the risk of end-stage cardiovascular disease in patients 
with acute primary disease.27 Symptoms associated with 
renal failure in the form of nephritic syndrome are com-
mon, and biopsy is crucial in making the diagnosis of glo-
merulonephritis.28 The initiation of a therapeutic regimen 
comprising cyclophosphamide, methylprednisolone, and 
supportive measures aimed to address both the vasculit-
ic and renal components of GPA. The treatment strategy 
used is also described in other cases.27 Prophylactic use of 
trimethoprim with sulfamethoxazole is important in the 
case of the applied therapy.29

The successful management of this patient, includ-
ing the reduction of immunosuppressive therapy and 
stabilization of renal function, highlights the potential 
for favorable outcomes in GPA with prompt and target-
ed interventions. Continued follow-up, along with fur-
ther investigations, including immunological markers 
and histopathological examinations, will be crucial for 
assessing treatment response and guiding ongoing care. 
This case contributes to the growing body of literature 
on atypical presentations of GPA, emphasizing the need 
for a holistic and dynamic approach in the evaluation 
and management of complex medical cases.

Conclusion
In conclusion, the diagnostic odyssey of the 52-year-old 
male presented here illuminates the intricate challeng-
es associated with identifying GPA, a formidable entity 
within the spectrum of autoimmune diseases. The pa-
tient’s journey, from the initial presentation of seem-
ingly benign symptoms to the ultimate confirmation of 
GPA, underscores the complexities involved in discern-
ing this rare autoimmune disorder.

This case report serves as a poignant reminder of 
the multifaceted nature of GPA, characterized by pro-
tean clinical manifestations that can mimic other con-
ditions, leading to diagnostic ambiguity. The hurdles 
encountered in the diagnostic process, exemplified by 
the patient’s atypical musculoskeletal symptoms, consti-
tutional features, and perplexing laboratory abnormal-
ities, underscore the importance of a meticulous and 
collaborative approach in unraveling the intricacies of 
such autoimmune disorders.

Moreover, the diagnostic challenges highlighted in 
this report shed light on the broader landscape of GPA, 
emphasizing the need for increased awareness and im-

proved diagnostic capabilities. The evolving incidence 
patterns observed in recent decades, attributed partly to 
heightened awareness and advancements in diagnostic 
tools like ANCA testing, underscore the dynamic nature 
of our understanding of GPA.

This case not only contributes valuable insights into 
the diagnostic intricacies of GPA but also emphasizes 
the pivotal role of interdisciplinary collaboration in nav-
igating such complex clinical scenarios. The successful 
management of the patient, with a tailored therapeutic 
approach targeting both vasculitic and renal components, 
serves as a beacon of hope, showcasing the potential for 
positive outcomes with timely and targeted interventions.
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Back matter
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material published online alongside the manuscript 
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interests statement. For more details please see Competing 
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subjects gave their informed consent for inclusion before 
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in accordance with the Declaration of Helsinki, and the 
protocol was approved by the Ethics Committee of XXX 
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appearance in the text (including table captions and 
figure legends) and listed individually at the end of the 
manuscript. We recommend preparing the references 
with a bibliography software package, such as EndNote, 
Reference Manager or Zotero to avoid typing mistakes 
and duplicated references. 

References style
In-text citations and references should be prepared accor-
ding to the American Medical Association (AMA) style. 
Each item should be listed in numerical order.

In-text citations
Each reference should be cited in the text using super-
script arabic numerals. These superscript numbers 
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fcgi?db=Journals.
Page number(s) should be inserted in full (for example: 
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Author AA, Author BB, Author CC, et al. Title of article. 
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Page-Page. doi (if available)
Gonzalez ME, Martin EE, Anwar T, et al. Mesenchymal 
stem cell-induced DDR2 mediates stromal-breast 
cancer interactions and metastasis growth. Cell Rep. 
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Jordan J, Toplak H, Grassi G, et al. Joint statement of the 
European Association for the Study of Obesity and the 
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	— Websites
Author AA (if indicated). Webpage title. Name of Website. 
URL. Published or Updated date. Accessed date.
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Published October 22, 2010. Updated January 9, 2012. 
Accessed February 1, 2012.
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Year:Page-Page

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=Journals
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=Journals
http://www.cdc.gov/haiticholera/
http://www.searo.who.int/mediacentre/releases/2016/1636/en/
http://www.searo.who.int/mediacentre/releases/2016/1636/en/


476 European Journal of Clinical and Experimental Medicine 2024; 22 (2): 469–476

Doane GH, Varcoe C. Family Nursing as Relational Inquiry: 
Developing Health– Promoting Practice. Philadelphia, PA: 
Lippincott Williams & Wilkins; 2005:25-28.
London ML, Ladewig PW, Ball JW, et al. Maternal & Child 
Nursing Care. Upper Saddle River, NJ: Pearson Education; 
c2011:101-103.

	— Chapter in a book
Chapter Author AA. Title of chapter. In: Name of Book. 
Edition Number. Editor AA, ed. Location: Name of 
Publisher; Year:Page-Page.
Grimsey E. An overview of the breast and breast cancer. 
In: Breast Cancer Nursing Care and Management. 2nd 
ed. Harmer V, ed. Chichester, UK: Wiley-Blackwell; 
2011:35-42.
NOTE: The Editorial Board requires consistent and 
carefully made references prepared according to the 
above-mentioned AMA standards. Otherwise, the work 
will be sent back to the authors.

Preparing figures, schemes and tables
File for Figures and Schemes must be provided during 
submission and at a sufficiently high resolution (minimum 
1000 pixels width/height, or a resolution of 300 dpi or 
higher). Common formats are accepted, however, TIFF, 
JPEG, EPS and PDF are preferred.

Please ensure the figures and the tables included in 
the single file are placed next to the relevant text in the 
manuscript, rather than at the bottom or the top of the 

file. The corresponding caption should be placed directly 
below the figure (not on the figure itself) or above the 
table. All figures, schemes, and tables should be numbered 
following their number of appearance (Figure 1, Scheme 
1, Figure 2, Scheme 2, Table 1, etc.).

Tables should present new information rather than 
duplicating what is in the text. Readers should be able to 
interpret the table without reference to the text.

All table columns should have an explanatory heading. 
To facilitate the copy-editing of larger tables, smaller fonts 
may be used, but no less than 8 pt. in size. Tables must 
be provided in an editable format in appropriate place in 
the main text. Tables provided as jpeg/tiff files will not 
be accepted. Do not submit your tables in separate files.

Abbreviations
The journal requires using only standard abbreviations. 
Abbreviations should be defined in parentheses the first 
time they appear in the abstract, main text and in figure 
or table captions and used consistently thereafter. Ensure 
consistency of abbreviations throughout the article. Keep 
abbreviations to a minimum. 

SI Units
SI Units (International System of Units) should be used. 
Imperial, US customary and other units should be 
converted to SI units whenever possible.
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