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Pre-operative diagnosis of suspicious thyroid nodules -
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ABSTRACT

Introduction and aim. Thyroid nodules are common, though few are malignant. In lower-middle-income countries such as Sri
Lanka, limited diagnostic resources make accurate preoperative assessment essential to avoid unnecessary surgery. While the
Thyroid Imaging reporting and Data System (TIRADS) and Bethesda systems are widely used, both have limitations, particularly
in differentiating follicular lesions. This study aimed to evaluate the potential value of immunocytochemistry (ICC) as an adjunct
to preoperative diagnosis in suspicious thyroid nodules.

Material and methods. A prospective observational diagnostic accuracy study was conducted on 106 patients with TIRADS >3
nodules. Fine-needle aspiration cytology was classified using the Bethesda system, and cell blocks from 34 cases underwent
ICC with HBME-1, CK-19, and CD-56. Final diagnoses were established using histopathology where available or a composite
reference standard based on stable imaging follow-up over two years. Diagnostic performance was assessed using logistic re-
gression, ROC curves, and confusion matrices.

Results. Bethesda showed sensitivity of 80.8% and specificity of 60.6% (AUC=0.73), while TIRADS showed sensitivity of 89.0%
and specificity of 30.3% (AUC=0.65). Among the ICC-tested cases, specificity was 100%; sensitivities were 94.1% for HBME-1,
88.2% for CD-56, and 41.2% for CK-19. The HBME-1*/CD-56" pattern was strongly associated with malignancy. The combined
Bethesda+ICC model demonstrated the best predictive performance (lowest AIC). Papillary carcinoma was the most frequent
malignancy.

Conclusion. In this cohort, ICC using HBME-1, CK-19, and CD-56 showed potential as an adjunct to the Bethesda classification
for the preoperative assessment of thyroid nodules. These findings suggest a possible role for ICC in selected cases, although
further studies with larger histologically confirmed cohorts are needed.

Keywords. Bethesda, immunocytochemistry, thyroid cancer, TIRADS
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Introduction

Thyroid nodules are a common clinical finding, al-
though only a small proportion are malignant. Accurate
preoperative diagnosis is therefore essential to ensure
appropriate patient management and to avoid unneces-
sary surgical intervention." With the global incidence of
thyroid carcinoma continuing to rise, reliable methods
for distinguishing benign from malignant thyroid nod-
ules remain an important clinical priority.?

Ultrasonography (USS) and fine-needle aspiration
cytology (FNAC) are the principal preoperative diag-
nostic tools used in the evaluation of thyroid nodules.
USS findings are commonly reported using the Thyroid
Imaging Reporting and Data System (TIRADS), while
ENAC results are classified according to the Bethesda
System for Reporting Thyroid Cytopathology.> These
approaches play a central role in risk stratification and
surgical decision-making. However, both modalities
have recognized limitations, particularly in the eval-
uation of follicular-patterned lesions, as they provide
limited information regarding tissue architecture. As a
result, distinguishing benign follicular adenomas from
malignant follicular neoplasms may remain challeng-
ing, leading to diagnostic uncertainty and, in some cas-
es, unnecessary surgical procedures.

This diagnostic challenge is particularly relevant in
lower-middle-income countries such as Sri Lanka, where
healthcare resources are limited and avoiding unneces-
sary surgery is an important clinical and economic con-
sideration. Although histopathological examination
remains the gold standard for the diagnosis of thyroid tu-
mors, it requires surgical excision and therefore cannot be
used as a preoperative diagnostic tool. Furthermore, both
cytological and histological assessment of thyroid lesions
may be complicated by the gland’s predominantly follicu-
lar architecture and nodular growth patterns.*

To improve preoperative diagnostic accuracy, sever-
al immunomarkers have been investigated as adjuncts to
conventional cytological assessment. While these mark-
ers are traditionally applied to surgically resected speci-
mens, they can also be evaluated on FNAC-derived cell
block preparations using immunocytochemistry (ICC).
This approach utilizes material obtained during routine
FNAC and may provide additional diagnostic informa-
tion without requiring more invasive procedures. There-
fore, ICC performed on FNAC-derived cell blocks has
the potential to serve as a practical adjunct to existing
diagnostic methods, particularly in resource-limited
settings. This study aimed to assess the value of selected
ICC markers in improving the preoperative diagnosis of
suspicious thyroid nodules.

Aim
Accordingly, the present study aimed to assess the utility
of immunocytochemistry as an adjunctive technique to

improve the accuracy of preoperative diagnosis in sus-
picious thyroid nodules. This study further explored the
feasibility and potential diagnostic contribution of im-
munocytochemistry performed on FNAC-derived cell
blocks alongside conventional TIRADS and Bethes-
da assessment in a Sri Lankan resource-limited setting,
where access to advanced molecular diagnostic tech-
niques is limited.

Material and methods

A prospective observational diagnostic accuracy study
was carried out at the Departments of Radiology and Pa-
thology of Colombo South Teaching Hospital (CSTH),
Sri Lanka, and the Department of Pathology, Faculty of
Medical Sciences (FMS), University of Sri Jayewardene-
pura (USJP). A total of 106 patients presenting with thy-
roid nodules radiologically suspected to be malignant
(TIRADS category 3 or higher) on ultrasonography
were recruited for the study. Patients with incomplete
or inadequate radiological data were excluded. Ethi-
cal approval for the study was obtained from the Ethics
Review Committee of the Faculty of Medical Sciences,
USJP (Ref. No. 65/2019). Written informed consent was
obtained from all study participants.

Ultrasonography (USS) examinations were per-
formed and reported by a consultant radiologist accord-
ing to the TIRADS classification. Ultrasound-guided
fine-needle aspirations (FNAs) were subsequently ob-
tained from the radiologically suspected malignant
nodules by the same radiologist. Direct smears were
prepared from the aspirated material, while the resid-
ual needle rinse was used for cell block preparation.
Cell blocks were processed using the alcohol-acid-for-
malin (AAF) method. Both the direct smears and cell
block sections were stained with hematoxylin and eosin
(H&E). The stained preparations were independently
examined by two consultant pathologists and catego-
rized according to the Bethesda System for Reporting
Thyroid Cytopathology.

ICC staining was performed on adequately cellu-
lar FNAC-derived cell block sections using a manual
streptavidin-biotin peroxidase method. Heat-induced
epitope retrieval was carried out in citrate buffer (pH
6.0) using a pressure cooker. The immunocytochemical
panel consisted of HBME-1 (Invitrogen; diluted 1:24),
CK-19 (Dako; ready-to-use), and CD56 (Dako; ready-
to-use). Following antigen retrieval, the sections were
incubated with the respective primary antibodies for
one hour. A secondary antibody and 3,3'-diaminoben-
zidine (DAB) chromogen were subsequently applied,
and the slides were counterstained with hematoxylin.
Appropriate positive and negative controls were includ-
ed in each staining batch. The stained slides were inde-
pendently evaluated by two consultant pathologists who
were blinded to the cytological diagnosis.
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For interpretation, cytoplasmic and/or membranous
staining patterns were assessed according to the specific
marker characteristics. HBME-1 and CK-19 were consid-
ered positive when moderate to strong membranous or
cytoplasmic staining was observed in more than 10% of
tumor cells, whereas CD56 expression was interpreted as
positive when diffuse membranous staining was detected
in more than 10% of follicular cells. Loss of CD56 expres-
sion was considered supportive of malignancy. If any dis-
crepancies were observed between the two pathologists, a
joint slide review followed by a consensus discussion was
undertaken to resolve the differences and ensure consis-
tency and accuracy in the final interpretations.

All patients included in the study were prospectively
followed over a period of two years to determine the fi-
nal outcome of their thyroid nodules as benign or malig-
nant. For those who underwent surgical excision during
the follow-up period, the definitive diagnosis was estab-
lished through histopathological examination of the re-
sected specimen. Among patients who did not undergo
surgery, nodules that were classified as TIRADS 3 or 4
on ultrasonography or reported as non-diagnostic on
initial FNAC were re-evaluated with repeat FNAC. In
addition, serial ultrasonographic assessments were per-
formed at six-month intervals to monitor changes in
nodule size, morphology, or the appearance of suspi-
cious features. If, during the follow-up period, any ul-
trasound scan revealed a nodule categorized as TIRADS
3 or above, a repeat FNAC was carried out.

The reference standard for malignancy was based
on a composite outcome. Nodules reported as Bethes-
da category II on cytological evaluation were consid-
ered benign and managed with surveillance. Surgical
intervention was undertaken when indicated based
on comprehensive clinical, radiological, and cytolog-
ical assessment (e.g., suspicion of malignancy, trache-
al compression, significant cosmetic concerns, or poor
compliance with follow-up). In patients who underwent
surgery, the final diagnosis was determined by histo-
pathological examination.

In the absence of surgical indications, patients were
followed for two years. Nodules that remained stable in
size and imaging characteristics and did not require sur-
gery during follow-up were classified as benign for this
study.

Clinical management was undertaken through stan-
dard multidisciplinary evaluation involving surgeons,
radiologists, and the treating team. The estimated risk
of malignancy was communicated to patients, and de-
cisions regarding surgical intervention were made fol-
lowing shared clinical discussions integrating imaging,
cytological, and clinical findings.

Data analysis was performed using the R language
(version 4.3.1). Descriptive statistics were presented as
frequencies and proportions. Diagnostic accuracy cal-

culations were based on a composite reference standard
consisting of histopathological diagnosis in surgical-
ly treated patients and two-year clinical and radiologi-
cal follow-up in patients who did not undergo surgery.
Fisher’s exact test was employed to evaluate associations
between categorical diagnostic variables. Logistic regres-
sion analysis was conducted to quantify the strength and
direction of associations among relevant variables. The
diagnostic performance of the tests was further assessed
using the receiver operating characteristic (ROC) curve
analysis. Sensitivity, specificity, positive predictive val-
ue (PPV), and negative predictive value (NPV) were cal-
culated based on the confusion matrix. A p-value of less
than 0.05 was considered statistically significant. Logis-
tic regression was performed to evaluate the predictive
performance of cytological, radiological, and immuno-
histochemical classification systems for malignancy. Six
predefined models were assessed: (1) ICCxBethesda, (2)
ICCxTI-RADS, (3) ICC alone, (4) BethesdaxTI-RADS,
(5) Bethesda alone, and (6) TI-RADS alone. Model per-
formance was compared using the Akaike Information
Criterion (AIC), with lower values indicating better rel-
ative model fit. AIC was used for comparative evaluation
within the dataset and does not imply absolute predictive
superiority. Models were constructed based on clinical
relevance without automated variable selection.

Results

The majority of the participants in the study were fe-
males (n=84, 79.2%). The age of the enrolled partic-
ipants ranged from 15 to 76 years, with a mean and
standard deviation of 47.20 + 12.90, respectively.

All 106 radiologically malignancy-suspected pa-
tients were subjected to FNAC. Of them, 78 (73.58%)
were diagnosed as cytologically benign, while 28
(26.41%) were diagnosed as malignant or suspicious
of malignant. At the two-year follow-up, 24 of the 78
cytologically benign patients had undergone surgery.
Of those 24 patients, 15 patients were histological-
ly confirmed to have malignant nodules, while 9 had
benign nodules. Of the 28 cytologically malignant or
malignancy-suspected patients, only 21 had undergone
surgery. Of those 21 patients, 18 were histologically
confirmed to have malignant tumors, while 3 patients
were confirmed to have benign nodules.

As only patients with radiologically suspected ma-
lignancies were enrolled in the study, all patients were
classified in TIRADS 3 or above categories. The ma-
jority (n=80, 75.4%) of the nodules belonged to the
TIRADS 4 category (TIRADS 4a: n=54, TIRADS 4b:
n=8, TIRADS 4c: n=18). Furthermore, 21 nodules in
the TIRADS 3 cohort and 5 in the TIRADS 5 cohort
were also reported.

Although all 106 enrolled patients had radiological-
ly malignant nodules, only 28 (26.4%) had cytological-
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ly diagnosed with suspicion of malignant (Bethesda 5:
n=20, 18.9%) or malignant (Bethesda 6: n=8, 7.5%)
nodules. The majority (n=43, 40.6%) of the nodules be-
longed to the benign category (Bethesda 2). Further-
more, 15 Bethesda 3 nodules, 14 Bethesda 1 nodules,
and 6 Bethesda 4 nodules were also reported (Fig 3).
Of the 20 cytologically malignant-suspected nodules,
the majority (n=10) belonged to the TIRADS 4c cat-
egory. The other ten patients were classified into TI-
RADS 4a (n=6), TIRADS 3 (n=2), TIRADS 4b (n=1),
and TIRADS 5 (n=1) categories. Of the 8 cytological-
ly malignant patients, 6 were classified in TIRADS 4c,
and the other 2 cases were distributed in one per each
of TIRADS 4b and TIRADS 5 categories (Table 1).

Table 1. Association of TIRADS classification and FNAC
results*

TIRADS category vs direct cytology cross tabulation

Direct cytology — Bethesda category

1 2 3 4 5 6 fotal
3 1 14 3 1 2 0 2
4 N 26 9 2 6 0 54
TIRADS Category 4b 1 2 1 2 1 1 8
4¢ 1 0 1 0 10 6 18
5 0 1 1 1 1 1 5
Total 14 L3 15 6 20 8 106

* Non-diagnostic or unsatisfactory — Bethesda 1, benign
- Bethesda 2, atypia of undetermined significance or
follicular lesion of undetermined significance - Bethesda
3, follicular neoplasm or suspicious of follicular neoplasm
- Bethesda 4, suspicious for malignancy - Bethesda 5,
malignant — Bethesda 6

Among the forty-five (n=45) patients who had un-
dergone surgery, thirty-three (n=33) were histolog-
ically confirmed to have malignant tumors, while the
remaining twelve (n=12) were confirmed to have be-
nign nodules. Of the 33 confirmed malignant cases,
only 18 were both radiologically and cytologically ma-
lignancy suspected/ malignant (papillary thyroid car-
cinoma: n=16, papillary microcarcinoma: n=02), while
the other 15 cases were cytologically non-malignant
(papillary thyroid carcinoma: n=10, follicular variant
of papillary thyroid carcinoma: n=03, cystic papillary
thyroid carcinoma: n=01 and papillary microcarcino-
ma: n=01). However, radiologically and cytologically
malignancy suspected three cases (Chronic thyroiditis:
n=2, hyperplastic nodule: n=1) were histologically con-
firmed to have benign nodules. Nine patients were ra-
diologically, cytologically, and histologically confirmed
to have benign nodules (chronic thyroiditis: n=3; mul-
tinodular goiter: n 3; hyperplastic nodule: n 2; and col-
loid cyst: n=1).

Among the forty-five patients who underwent sur-
gery, papillary thyroid carcinoma was identified as the

most common type (n=26) of malignant tumor (TI-
RADS 4a=10, TIRADS 4c=9, TIRADS 4b=3, TIRADS
3 =3, TIRADS 5=1). In addition, 3 papillary micro-
carcinoma cases (TIRADS 3: n=1, TIRADS 4c: n=1,
TIRADS 5: n=1), 3 follicular variants of papillary car-
cinoma (TIRADS 3: n=1, TIRADS 4a: n=1, TIRADS
4b: n=1), and one cystic papillary carcinoma case
(TIRADS 5=1) were reported.

Of the twelve (n=12) patients who were histological-
ly confirmed to have benign nodules, 5 had chronic thy-
roiditis (TIRADS 3: n=2, TIRADS 4c:n=2, TIRADS 4a:
n=1), while three had hyperplastic nodules (TIRADS 4a
=3), two had multinodular goiter with thyroiditis (TI-
RADS 4a n=2), and one had a colloid cyst (TIRADS 3).

At the two-year follow-up, seventy-three (n=73) pa-
tients had clinically benign outcomes (TTIRADS 3: n=15,
TIRADS 4a: n=38, TIRADs 4b: n=5, TIRADS 4c: n=18,
TIRADS 5: n=5).

Of the 26 patients with confirmed papillary thyroid
carcinoma (PTC), sixteen were cytologically malignan-
cy suspected (Bethesda 5: n=10) or malignant (Bethes-
da 6: n=6), while 6 cases were in Bethesda 2, 2 cases in
Bethesda 1, and 1 case each in Bethesda 3 and 4 cat-
egories. However, the three papillary microcarcino-
ma cases belonged to the Bethesda 2 (n=1), Bethesda
5 (n=1), and Bethesda 6 (n=1) categories.

All three (n=3) follicular variants of papillary thy-
roid carcinoma patients were in cytologically nonma-
lignant categories (Bethesda 2: n=1, Bethesda 3: n=1,
Bethesda 4: n=1), while they were radiologically classi-
fied under TIRADS 3, 4a, and 4b categories. Further-
more, one (n=1) cystic papillary thyroid carcinoma
case was reported, and it was classified as Bethesda
category 5 and TIRADS category 5.

Standardized residual analysis demonstrated a sig-
nificant association between TIRADS classifications
(=TIRADS 3) and Bethesda categories, indicating that
nodules with higher TIRADS scores were more like-
ly to align with higher Bethesda categories, particular-
ly among radiologically suspected malignant nodules.
A statistically significant correlation was observed be-
tween TIRADS classification (XTIRADS 3) and Bethes-
da categories (p=0.00009). Additionally, Fisher’s exact test
revealed a significant association between TIRADS clas-
sification and the benign-malignant status of patients at
two-year follow-up (p=0.046). Notably, the TIRADS 4c
category had a significant contribution to this association
(p=0.047), with nodules in this category demonstrating
a four-fold increased risk of malignancy compared to
those classified as TIRADS 3 (Table 2). ROC curve anal-
ysis further indicated that the TIRADS system possessed
a limited to modest discriminatory ability to differentiate
between benign and malignant lesions, with an area un-
der the curve (AUC) of 0.65 (Fig. 1).
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Table 2. Logistic regression data analysis - TIRADS
classification

TIRADS classification 0dd ratio 95% CI1 p
3 — —
4a 091 0.29,3.24 0.900
4b 3.20 0.57,18.9 0.200
4c 4.00 1.06,16.9 0.047
5 213 0.23,16.9 0.500

Fig. 1. ROC curve for the ultrasound scan findings
(AUC=0.5: model performs like random guessing, AUC=1.0:
model perfectly separates positive and negative cases,
AUC > 0.5: model has some ability to predict correctly)

Furthermore, a statistically significant association
was identified between the Bethesda classification and
the benign-malignant status of patients at the two-year
follow-up (p=0.00143). Logistic regression analysis re-
vealed that patients classified as Bethesda category 6
had a significantly increased likelihood of malignancy,
with an odds ratio of 13.1 (95% CI: 2.52-102; p=0.004),
compared to those in Bethesda category 2. Similarly,
individuals in Bethesda category 5 exhibited a fivefold
higher risk of malignant outcomes (OR: 5.0; 95% CI:
1.70-18.0; p=0.005) (Table 3). The Bethesda system also
demonstrated a moderate discriminatory capacity for
distinguishing between benign and malignant lesions,
as indicated by an AUC of 0.73 (Fig. 2)

Table 3. Logistic regression data analysis — Bethesda
classification

Bethesda classification 0dd ratio 95% confidence p
interval
Bethesda 02 - - -
Bethesda 03 0.67 0.09,4.99 0.600
Bethesda 04 438 0.70,27.9 0.100
Bethesda 05 535 1.70,18.0 0.005

Bethesda 06 131 2.52,102 0.004

Fig. 2. ROC curve of FNAC findings compared to histology
(AUC=0.5: model performs like random guessing.,
AUC=1.0: model perfectly separates positive and negative
cases, AUC > 0.5: model has some ability to predict
correctly)

Diagnostic performance was evaluated separately in
the histology-verified subgroup and the entire cohort.
In the histology-verified subgroup, where histopa-
thology served as the gold standard, TIRADS (=TR4)
demonstrated a sensitivity of 94.3%, specificity of 22.2%,
PPV of 77.3%, NPV of 57.1%, and accuracy of 75.0%. In
comparison, Bethesda classification showed a sensitiv-
ity of 62.9%, specificity of 77.8%, PPV of 88.0%, NPV
of 46.7%, and accuracy of 67.3%. In the entire cohort,
using a composite reference standard, TIRADS showed
a sensitivity of 89.04%, specificity of 30.30%, PPV
of 73.86%, NPV of 55.56%, and accuracy of 70.75%,
whereas Bethesda demonstrated a sensitivity of 80.82%,
specificity of 60.61%, PPV of 87.94%, NPV of 58.82%,
and accuracy of 74.53% (Fig. 3).

Table 4. Frequency of HBME-1, CK-19 and CD-56
immunomarker

IHC_HBME1 HESEDS6 Total
Negative Positive Equivocal

Negative IHC_CK19  Negative 17 17
Total 17 17

Positive IHC_CK19  Negative 5 0 5
Positive 7 0 7

Focal positive 2 2 4

Total 14 2 16

Focal Positive IHC_CK19  Focal positive 1 1
Total 1 1

Total IHC_CK19  Negative 5 17 0 22
Positive 7 0 0 7

Focal positive 3 0 2 5

Total 15 17 2 34
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Fig. 3. Microscopic appearance of cell block sections and
direct cytology smears, A: Cell block section showing
papillary structures characteristic of papillary thyroid
carcinoma (H&E stained, x100 magnification), B: Cell block
section showing nuclear pseudoinclusions typical of papillary
thyroid carcinoma (H&E stained, x100 magnification),

C: Direct smear of papillary thyroid carcinoma displaying
nuclear pseudoinclusions (H&E stained, X200 magnification),
D: Cell block section demonstrating hyperplastic benign
nodules of a hyperplastic thyroid nodule (H&E stained, X200
magnification), E: Direct smear showing benign follicular
epithelial cells in a hyperplastic nodule (H&E stained, X100
magnification)

ICC was performed on 34 FNAC-derived cell blocks
with adequate cellularity. Of these, 17 (50.0%) cases were
negative for HBME-1, 16 (47.1%) were positive, and one
(2.9%) was focally positive. All HBME-1-negative cas-
es were negative for CK-19 and positive for CD56. In
contrast, among the HBME-1-positive or focally posi-
tive cases, the majority demonstrated positive or focally
positive CK-19 expression together with loss of CD56
expression (Table 4) (Fig. 4).

A statistically significant association was observed
between the expression patterns of HBME-1, CK-19,
and CD56 and the final benign-malignant status of thy-
roid nodules at two-year follow-up (p<0.001). All three
markers demonstrated 100% specificity. Sensitivity
was highest for HBME-1 (94.11%), followed by CD56
(88.23%) and CK-19 (41.17%). ROC analysis yielded
AUC values of 1.00 for HBME-1, 0.853 for CK-19, and
0.882 for CD56.

Fig. 4. IHC staining patterns observed in the study,

A: Negative staining for HBME-1 (x40 magnification),

B: Focal staining for CK-19 (x40 magnification), C: Focal
staining for HBME-1 (X200 magnification), D: Positive
staining for CK-19 (x200 magnification), E: Positive staining
for HBME-1 (X200 magnification), F. Positive staining for
CD-56 (x200 magnification)

Of the 34 cases evaluated by ICC, 24 had histo-
pathological confirmation, while 10 were classified ac-
cording to the two-year follow-up reference standard.
The ten non-operated cases were negative for HBME-1
and CK-19 and positive for CD56 and demonstrated be-
nign clinical outcomes throughout follow-up.

When ICC findings were compared with the final
diagnosis, all nodules negative for HBME-1 and CK-19
but positive for CD56 were classified as benign. Con-
versely, all nodules demonstrating positive or focally
positive HBME-1 staining were classified as malignant.
Among the 17 malignant cases, CK-19 was positive in
seven (n=7) cases, focally positive in five (n=>5) cases,
and negative in five (n=5) cases. CD56 expression was
absent in 15 cases, while two (n=2) cases demonstrated
equivocal staining.

PTC was the most common malignant lesion iden-
tified in the ICC subgroup, accounting for 12 of 34 cases
(35.3%). All PTC cases demonstrated positive or focally
positive HBME-1 staining. CK-19 expression was posi-
tive in four cases, focally positive in five cases, and neg-
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ative in three cases. CD56 expression was absent in 11
of 12 PTC cases, while one case demonstrated equivocal
staining. No PTC case demonstrated the combination of
HBME-1 negativity and CD56 positivity.

Among the papillary microcarcinoma cases (n=2),
one showed positivity for both HBME-1 and CK-19
with loss of CD56 expression, while the other was pos-
itive for HBME-1, negative for CK-19, and negative for
CD56. The cystic and follicular variants of papillary thy-
roid carcinoma each demonstrated positive HBME-1
and CK-19 staining with loss of CD56 expression. The
multifocal PTC case was positive for HBME-1 and neg-
ative for both CK-19 and CD56.

All benign lesions, including chronic thyroiditis
(n=4), colloid cyst (n=1), hyperplastic nodule (n=1),
and multinodular goiter with thyroiditis (n=1), demon-
strated the characteristic staining pattern of HBME-1
negativity, CK-19 negativity, and CD56 positivity.

The predictive performance of six logistic regres-
sion models was compared using the Akaike Informa-
tion Criterion (AIC), with lower values indicating better
relative model fit. The combined immunocytochemistry
(ICC) and Bethesda classification model demonstrated
the lowest AIC value (AIC=4), indicating the best rela-
tive fit among the evaluated models. The ICCXTIRADS
model showed the second-lowest AIC value (AIC=12),
followed by ICC alone (AIC=14), BethesdaxTIRADS
(AIC=18), Bethesda alone (AIC=20), and TIRADS
alone (AIC=22). Overall, models incorporating ICC
showed lower AIC values than models based solely on
TIRADS or Bethesda classifications. These findings sug-
gest that the addition of ICC may improve the relative
predictive performance of conventional classification
systems in identifying malignant thyroid nodules with-
in this study cohort.

Discussion

The observed female predominance and peak incidence
in the fourth to fifth decades are consistent with estab-
lished epidemiological patterns in thyroid neoplasia.®®
These findings support previously reported associations
between thyroid neoplasia and biological susceptibility
factors, including hormonal influences and X-chromo-
some inactivation, although the exact mechanisms re-
main incompletely understood.’

The relatively higher false-negative rate observed in
the cytology findings highlights recognized limitations
of FNAC in routine clinical practice. While false-posi-
tive results were infrequent, false-negative findings may
result from sampling inadequacy, operator-dependent
factors, and overlapping cytomorphological features
between benign and malignant lesions.'® In particular,
atypical cyst lining cells, granular cytoplasm, cytoplas-
mic processes, small micronodules, and subtle nucle-
ar features may contribute to diagnostic uncertainty

and misclassification.'"* These findings reinforce the
well-recognized challenges associated with the diagno-
sis of follicular-patterned lesions using cytology alone.

Misclassification of follicular variants of papil-
lary thyroid carcinoma further illustrates the inher-
ent limitations of cytology. Subtle nuclear alterations,
such as nuclear enlargement, membrane irregularities,
and chromatin clearing, may overlap with benign reac-
tive changes when present in a limited number of cells,
thereby reducing diagnostic specificity."” This reinforces
the recognized difficulty in distinguishing follicular-pat-
terned lesions using cytology alone.

The significant association between higher TIRADS
categories (4c and 5) and malignancy supports the clin-
ical utility of ultrasound-based risk stratification. How-
ever, the magnitude of risk observed in the present study
was lower than that reported in previous studies, includ-
ing an Indian study demonstrating higher risk estimates
across TIRADS categories."”” Despite these differences,
the progressive increase in malignancy risk with high-
er TIRADS categories supports its role as a stratification
tool rather than a standalone diagnostic method.

Comparison of TIRADS and Bethesda classification
demonstrated complementary diagnostic strengths. In
the histology-verified subgroup, TIRADS showed higher
sensitivity, supporting its role in reducing missed malig-
nancies, whereas the Bethesda classification demon-
strated higher specificity and positive predictive value.
A similar pattern was observed in the overall cohort us-
ing the composite reference standard. These findings are
broadly comparable to those reported by George et al.,
although differences in specificity and overall diagnostic
performance may reflect variations in case selection, in-
clusion of indeterminate nodules, and the use of a com-
posite reference standard.” The comparatively lower
diagnostic accuracy relative to larger cohorts' further
highlights the influence of case mix and methodologi-
cal differences. Collectively, these findings support the
complementary use of radiological and cytological as-
sessment in the evaluation of thyroid nodules.

The observed differences in diagnostic performance
between the histology-verified subgroup and the over-
all cohort may be explained by verification bias and the
use of a composite reference standard. Histopatholo-
gy-based evaluation provides a definitive diagnosis but
is limited to surgically treated patients, who are more
likely to have a higher risk of malignancy. In contrast,
inclusion of non-operated cases in the overall cohort
may introduce potential misclassification, particular-
ly among patients managed conservatively. Therefore,
these findings should be interpreted in light of the ap-
plied reference standards and the characteristics of the
study population.

The present study demonstrates the added value of
immunocytochemistry in improving diagnostic pre-
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cision, particularly in indeterminate cases. The high
specificity observed for HBME-1, CK-19, and CD-56
supports their utility as adjunctive markers.'">'¢ The su-
perior performance of HBME-1 is consistent with its
established association with papillary thyroid carcino-
ma,'”'® while lower sensitivities reported in other stud-
ies may reflect differences in tumour spectrum.'®?
Although CK-19 demonstrated lower sensitivity, its
high specificity supports its role in excluding malignan-
cy when negative.?' The absence of CD-56 expression in
malignant nodules further reinforces its inverse associ-
ation with malignancy.?-*

The marker expression patterns observed in this
study are consistent with the concept of panel-based
interpretation. The combination of HBME-1 positivi-
ty, CK-19 positivity, and loss of CD-56 expression was
associated with malignant lesions, whereas benign le-
sions typically demonstrated the opposite staining pro-
file. Similar observations have been reported previously,
supporting the potential value of combined marker as-
sessment.” This approach may be particularly relevant
in resource-limited settings where access to advanced
molecular diagnostic techniques is limited.?** In addi-
tion, subtype-specific expression patterns observed in
papillary thyroid carcinoma and its variants were broad-
ly consistent with previous reports.?** However, given
the relatively small number of cases evaluated by immu-
nocytochemistry, these findings should be regarded as
preliminary and require validation in larger cohorts be-
fore firm conclusions can be drawn.

Although markers such as galectin-3, BRAF VEI,
and TROP-2 have demonstrated diagnostic value in thy-
roid cytology, they were not included in the present study
because they were not part of the routinely applied pan-
el during the study period. Future studies incorporating
broader immunocytochemical and molecular panels may
provide additional diagnostic information.

In the present study, the AUC for TIRADS was 0.65,
indicating limited to modest discriminatory ability. Al-
though this suggests some capacity to differentiate be-
tween benign and malignant lesions, such performance
does not reflect strong diagnostic accuracy. Therefore,
TIRADS classification alone may be insufficient to guide
definitive clinical decision-making, and its findings
should be interpreted in conjunction with cytological,
immunocytochemical, and clinical parameters.

Comparative AIC analysis suggested that the com-
bined immunocytochemistry and Bethesda classifi-
cation model provided the most favorable relative fit
among the evaluated models. Models incorporating im-
munocytochemistry generally demonstrated lower AIC
values than models based solely on TIRADS or Bethes-
da classifications. However, these findings should be
interpreted cautiously. The relatively small number of
cases available for immunocytochemistry increases the

risk of overfitting and limits the generalizability of mod-
el-based inferences. Consequently, the observed differ-
ences in AIC values should be regarded as exploratory
indicators of relative model fit rather than evidence of
superior predictive performance.

Several limitations should be considered when in-
terpreting the findings of this study. Histopathological
confirmation was available only for patients who under-
went surgical excision, creating the potential for verifica-
tion bias. Patients managed conservatively were classified
according to cytological findings and imaging stabili-
ty during two years of follow-up, which reflects routine
clinical practice but may not completely exclude indolent
malignancies. Furthermore, the relatively small number
of malignant outcomes and immunocytochemistry-test-
ed cases may have increased the risk of model overfitting
and reduced the precision of multivariable estimates. The
wide confidence intervals observed for several predic-
tors further suggest uncertainty in some effect estimates.
Therefore, the multivariable and model-comparison find-
ings should be interpreted as exploratory and require
confirmation in larger, independent cohorts.

Conclusion

This study demonstrates that while TIRADS and the
Bethesda system are valuable tools in the preoperative
evaluation of thyroid nodules, each has inherent limita-
tions, particularly in the assessment of follicular-patterned
lesions. The findings suggest that immunocytochemistry
using a panel of HBME-1, CK-19, and CD-56 may pro-
vide useful additional diagnostic information when used
as an adjunct to conventional radiological and cytological
assessment. The combined use of immunocytochemistry
with Bethesda classification showed improved predictive
performance within the study cohort and may help re-
duce diagnostic uncertainty in selected cases. These find-
ings indicate a potential role for immunocytochemistry
in supporting preoperative decision-making, particular-
ly in resource-limited settings where access to advanced
molecular diagnostics is restricted. However, given the
relatively small number of cases evaluated by immuno-
cytochemistry, further validation in larger, independent
cohorts is required before its routine clinical application
can be recommended.
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ABSTRACT

Introduction and aim. Fatigue is a debilitating non-motor symptom in Parkinson’s disease (PD). This exploratory cross-sectional
mediation analysis investigated whether specific serum biomarkers mediate the relationship between PD and fatigue severity.
Material and methods. Ninety PD patients and 45 matched controls were enrolled in the study. Fatigue was assessed us-
ing the Fibro-Fatigue scale (FF). Serum levels of ten biomarkers (neuron-specific enolase (NSE), glial fibrillary acidic protein
(GFAP), brain-derived neurotrophic factor (BDNF), 3-amyloid-42, a-synuclein, ubiquitin carboxy-terminal hydrolase L1 (UCHL1),
high-mobility group box 1 (HMGB1), R-spondin 1 (RSPO1), Dickkopf-1 (DKK1), and sclerostin) were quantified by enzyme-linked
immunosorbent assay. Mediation analysis (PROCESS Macro, Version 4.2, Model 4) tested whether these biomarkers mediated
the relationship between PD status and FF score.

Results. The overall model predicting FF scores was highly significant (F(26,108)=54.08, p<0.001, R’>=0.929). Mediation analysis
revealed significant indirect effects from PD status to fatigue via GFAP, HMGB1, BDNF, and NSE. Moderation analysis indicated
that the biomarker fatigue relationship was significantly modified by PD status only for HMGB1 and BDNF. For GFAP and NSE,
the interactions were non-significant. Bootstrapped analyses confirmed significant indirect effects of PD on fatigue through
elevated levels of NSE (effect=1.743), HMGB1 (effect=1.207), GFAP (effect=1.101), and BDNF (effect=0.921).

Conclusion. PD-related fatigue is significantly mediated by neuroinflammation (HMGB1), astroglial activation (GFAP), neuronal
injury (NSE), and a paradoxical BDNF response. Disease-specific moderation was confirmed only for HMGB1 and BDNF.
Keywords. fibro-fatigue, mediation study, neuronal damage biomarkers, Parkinson’s disease, Wnt pathway biomarkers

Introduction

Parkinson’s disease (PD) is a progressive neurodegenera-
tive disorder pathologically defined by the degeneration
of dopaminergic neurons in the substantia nigra and the
accumulation of a-synuclein in Lewy bodies, leading to
profound dopamine deficiency in the striatum."? The

cardinal motor symptoms, bradykinesia, tremor, rigid-
ity, and postural instability form the basis of the clini-
cal diagnosis.>* Non-motor symptoms are increasingly
recognized for their devastating impact on quality of
life.> Among these, chronic fatigue stands out as one of
the most prevalent and disabling symptoms, affecting
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over 50% of patients and severely impairing daily func-
tioning. However, its underlying pathophysiological
mechanisms remain poorly understood.®” A pathway
critically implicated in PD pathogenesis is the canoni-
cal Wnt/B-catenin signaling cascade. This pathway is es-
sential for the development, maintenance, and survival
of midbrain dopaminergic neurons.®’ Its activation sup-
ports neurogenesis and synaptic plasticity and protects
neurons by improving mitochondrial function and re-
ducing oxidative stress.'®'' Endogenous agonists and an-
tagonists govern the precise modulation of this pathway.
For instance, Dickkopf-1 (DKK1) is a potent antagonist
whose upregulation is linked to neuronal damage, while
R-spondin 1 (RSPOI1) acts as an agonist that potenti-
ates Wnt signaling and can attenuate DKK1-mediated
inhibition.'*"® Other relevant modulators include scle-
rostin, a Wnt antagonist,'* and high-mobility group box
1 (HMGBI1), a mediator of neuroinflammation with el-
evated levels in PD that can interact with a-synuclein to
potentiate neurodegeneration.'>'® Dysregulation of this
central pathway is recognized as a contributor to neu-
rodegeneration.'>*” In parallel, a panel of circulating
biomarkers provides insight into underlying neurode-
generative processes. Proteins such as a-synuclein and
B-amyloid-42 are being explored for their diagnostic
potential, as they reflect core pathological hallmarks.'®*
Furthermore, biomarkers indicative of active neuronal
damage and glial response have emerged. Neuron-spe-
cific enolase (NSE) and ubiquitin carboxy-terminal hy-
drolase L1 (UCHLI) are elevated following neuronal
injury.®® Recently, Al-Hakeim and colleagues®' report-
ed that serum neuronal damage markers (NSE, GFAP,
S100B) correlate with affective and chronic fatigue
symptoms in a cohort of 70 PD patients. However, that
study did not examine a broader panel of inflamma-
tory and astroglial markers, nor did it test for media-
tion or disease-specific conditional effects. Conversely,
brain-derived neurotrophic factor (BDNF) supports the
survival of dopaminergic neurons, although its utility
as a clear biomarker is debated.?>* Glial fibrillary acid-
ic protein (GFAP), released into the blood upon astro-
cytic activation, shows promise for monitoring disease
progression in PD.*** Despite these advances, a critical
gap persists. While the role of Wnt signaling in neuro-
nal survival is well established, its potential effects on
specific non-motor manifestations, particularly fatigue,
remain largely unexplored. Furthermore, it is unclear
whether the subjective experience of fatigue is reflect-
ed in quantifiable changes in circulating biomarkers of
neuronal damage, neuroinflammation, and glial activa-
tion. Thus, the specific novelty of the present study is
twofold. First, rather than reporting simple associations
between biomarkers and fatigue, we formally test a sta-
tistical mediation model in which circulating biomark-
ers mediate the relationship between PD and fatigue.

Second, we examine whether these mediation effects
are disease-specific, i.e., whether the link between bio-
marker elevation and fatigue severity differs between
PD patients and controls. To the best of our knowledge,
this exploratory mediation approach has not previous-
ly been applied to fatigue in PD. It is important to em-
phasize that this analysis tests statistical indirect effects
consistent with a causal model; however, causality can-
not be established from this cross-sectional design, and
all findings are hypothesis-generating. We hypothesized
that fatigue severity in PD might be associated with al-
tered levels of biomarkers indicative of neuronal damage
(NSE, UCHLL1), astrocytic activation (GFAP), neuroin-
flammation (HMGBI1), and neurodegeneration (a-sy-
nuclein and p-amyloid-42). Given the established role
of Wnt signaling in neuronal survival, we also explored
whether Wnt pathway modulators (DKK1, RSPO1, scle-
rostin) were associated with fatigue, though these analy-
ses were considered exploratory.

Aim

This exploratory cross-sectional study aimed to inves-
tigate whether circulating levels of selected biomarkers
(NSE, GFAP, BDNF, HMGB], a synuclein, $ amyloid 42,
UCHL1, DKK1, RSPO1, and sclerostin) mediate the re-
lationship between PD status and fatigue severity. A sec-
ondary aim was to test whether the biomarker-fatigue
association differs between PD patients and controls
(disease specific moderation). Given the exploratory na-
ture of the analysis, all findings are intended to generate
hypotheses for future longitudinal mechanistic studies,
not to establish biological causality or clinical recom-
mendations.

Material and methods
Study design and participants
This case-control study enrolled ninety patients with
a confirmed diagnosis of PD and forty-five age- and
sex-matched healthy controls. Participants were recruit-
ed from Al-Sadr Medical City, Al-Najaf Teaching Hospi-
tal, and Al-Furat Al-Awsat Center for Neurosciences in
Najaf, Iraq, between February and May 2025. The study
protocol was approved by the Institutional Ethics Com-
mittee of the University of Kufa (MEC-110/2025) and
was conducted in accordance with the World Medical
Association’s Declaration of Helsinki. All participants
provided written informed consent before enrollment.
PD diagnosis was established using the UK Par-
kinson’s Disease Society Brain Bank Clinical Diagnos-
tic Criteria.”® All patients presented with bradykinesia
plus at least one other cardinal feature (resting tremor,
rigidity, or postural instability) and exhibited no signs
suggestive of atypical Parkinsonism. To rule out con-
founding conditions, individuals with concurrent liver
or kidney disease were excluded. Furthermore, to con-



Exploratory mediation analysis of associations between serum biomarkers of neuronal injury, astrocyte reactivity, neuroinflammation. . . 459

trol for systemic inflammation, only participants with
serum C-reactive protein (CRP) levels below 6 mg/L
were included.”

Clinical assessments

An experienced neurologist conducted a semi-struc-
tured interview to collect sociodemographic and clini-
cal information from both control subjects and patients.
Motor and non-motor symptoms associated with PD
were assessed using the Movement Disorders Society
Revision of the Unified Parkinson’s Disease Rating Scale
(MDS-UPDRS), as previously outlined.”® The MDS-UP-
DRS is divided into four parts: Part I (non-motor Ex-
periences of Daily Living, nM-EDL), Part II (motor
Experiences of Daily Living, M-EDL), Part III (motor
examination), and Part IV (motor complications).?
Neurologists conducted the MDS-UPDRS assessment
in patients, and ratings from the four domains were
used for statistical analysis. The Hoehn and Yahr staging
method was also used to rate PD severity.” The severi-
ty of chronic fatigue syndrome (CFS) and fibromyalgia
was assessed by a senior psychiatrist using the Fibro-Fa-
tigue (FF) scale.® The FF scale assesses both mental and
physical aspects of central fatigue, including exhaustion,
lack of energy, and cognitive fatigue, without directly
measuring pain or fibromyalgia tender points. Howev-
er, fatigue in PD may overlap with depressive symptoms,
sleep disturbances (e.g., insomnia, REM sleep behav-
ior disorder), or medication effects (e.g., dopaminergic
agents, sedatives). While we did not systematically ex-
clude or separately measure these factors, our statistical
model included key covariates (age, sex, BMI, exercise,
and tobacco use disorder (TUD)) to reduce potential
confounding. Nevertheless, the possibility that some
variance in FF scores reflects depression, sleep dysfunc-
tion, or medication side effects cannot be excluded, and
this is addressed as a limitation.

Assays

Fasting venous blood samples (5 mL) were collected
from all participants at approximately 9:00 a.m. After
clotting, samples were centrifuged at 1200xg for 5 min-
utes at room temperature. The resulting serum was ali-
quoted into three Eppendorf tubes, and any hemolyzed
samples were discarded. Aliquots were stored at -80 °C
until analysis. Serum concentrations of key biomark-
ers were quantified using commercially available en-
zyme-linked immunosorbent assay (ELISA) kits from
Wuhan USCN Business Co., Ltd. (China). The key
biomarkers included a-synuclein (Catalog E3002h;
range 0.1-15 ng/mL), B-amyloid-42 (Catalog E1706h;
range 1-60 pg/mL), BDNF (Catalog E0115h; range
15-2000 pg/mL), DKK1 (Catalog E1672h; range 31.2—-
2000 pg/mL), GFAP (Catalog E0186h; range 0.1-20 ng/
mL), HMGBI (Catalog E0722h; range 0.05-15 ng/mL),

NSE (Catalog E0999h; range 0.5-50 ng/mL), RSPO1
(Catalog E3921h; range 0.1-10 ng/mL), Sclerostin (Cat-
alog E2845h; range 15.6-1000 pg/mL), and UCHL1
(Catalog E3156h; range 0.1-12 ng/mL). The inter- and
intra-assay coefficients of variation for all ELISAs were
below 10%. Each sample was run in duplicate, and the
mean optical density was used to calculate concentra-
tion. All assays were performed according to the man-
ufacturer’s protocols, and samples with high analyte
concentrations were diluted 1:5 with the provided di-
luent.

Statistical analysis

An a priori power analysis using G*Power 3.1.9.7 indi-
cated that a total sample size of 134 participants would
provide 90% power to detect a medium effect size
(f=0.28) at an a level of 0.05. Data normality was as-
sessed using the Kolmogorov-Smirnov test. Normally
distributed continuous data were presented as meant-
standard deviation (SD) and compared using one-way
analysis of variance (ANOVA). Non-normally distrib-
uted data are reported as medians (25"-75" percentiles)
and were compared using the Mann-Whitney U test.
Categorical variables were analyzed using chi-square
(%) tests.

Mediation and moderation were tested separately,
not as a single moderated mediation model. First, mod-
eration was tested using linear regression with an in-
teraction term (PD status x biomarker) to determine
whether the biomarker-fatigue relationship differed be-
tween PD patients and controls. Second, simple medi-
ation was tested using PROCESS Macro (Version 4.2,
Model 4; Hayes, 2022) with PD status as the indepen-
dent variable, fatigue as the dependent variable, and all
ten biomarkers entered as parallel mediators. Covari-
ates (age, sex, BMI, exercise, TUD) were included in
all models. The indirect effect of PD on fatigue via each
biomarker was considered significant if the bias-cor-
rected bootstrap 95% confidence interval (5,000 resam-
ples) did not cross zero.

The significance of the indirect effects was deter-
mined using bias-corrected bootstrap confidence inter-
vals (CIs) based on 5,000 bootstrap samples. An indirect
effect was considered statistically significant if the 95%
CI did not include zero. Variance inflation factors (VIFs)
were calculated for all predictors in each mediation
model. All VIFs were <2.5 (range 1.12-2.31), indicating
no problematic multicollinearity. Bootstrapped stan-
dard errors (5,000 resamples) were used for all indirect
effects. Confidence intervals were stable across repeated
resampling. Residuals were approximately normal for
all models, and Breusch-Pagan tests were non-signifi-
cant (p>0.05 for all models). All statistical analyses were
performed using IBM SPSS Statistics for Windows, Ver-
sion 28.0, with a two-tailed significance level of p<0.05.
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Results

Sociodemographic and clinical data

The sociodemographic and clinical characteristics of the
study participants are summarized in Table 1. No sig-
nificant differences were observed between the PD pa-
tient group and the healthy control group in age, BMI,
sex distribution, residency, physical activity levels, TUD,
or marital status, indicating successful matching across
these baseline variables. However, significant intergroup
differences were identified in several key areas. Patients
with PD had significantly lower levels of formal educa-
tion (p<0.05). Employment status also differed marked-
ly, with a significantly higher proportion of PD patients
unemployed or retired, likely reflecting the disease’s
functional impact. Furthermore, a positive family histo-
ry of PD was significantly more prevalent in the patient
group compared to controls (p<0.05). Clinically, the PD
cohort exhibited moderate disease severity, as indicated
by a mean Hoehn and Yahr stage of 2.77+0.87. Motor
symptoms were quantified using the Unified Parkinson’s
Disease Rating Scale (UPDRS). The mean score for Part
III (Motor Examination) was 54.27+11.38, and for Part
IV (Motor Complications) was 16.77+4.11, confirming
substantial motor impairment. Regarding pharmaco-
logical management, 70.0% (63/90) of patients were on
levodopa therapy. A subset of patients was also treated
with other common antiparkinsonian agents, including
procyclidine (Kemadrin; 27.8%, 25/90) and carbido-
pa-levodopa (Sinemet; 25.6%, 23/90).

Table 1. Demographic and clinical parameters in patients
with PD and healthy controls*

examine whether a panel of ten biomarkers mediat-
ed the relationship between PD status and FF score,
while controlling for sex, TUD, exercise, age, and BMIL.
The analysis was performed on a sample of 135 par-
ticipants.

Effects of PD on biomarker levels

A series of linear regression models was first estimat-
ed to examine the effect of PD status on each of the ten
biomarkers. As summarized in Table 2, PD was a signif-
icant positive predictor of eight biomarkers. Specifically,
patients with PD exhibited significantly elevated levels
of NSE (p=1.379, p<0.001), DKK1 (B=14.011, p<0.001),
HMGB1 (p=1018.094, p=0.003), GFAP (p=0.798,
p=0.002), BDNF (B=8.143, p=0.018), p-Amyloid-42
(B=9.942, p=0.048), a-Synuclein (p=5.620, p=0.033),
and UCHLLI (p=0.545, p=0.012). No significant effects
were found for RSPO1 or sclerostin.

Mediation model for FF scores

A comprehensive regression model predicting FF score
from PD status, all ten biomarkers, their interactions with
disease status, and the covariates was highly significant (F
(26, 108)=54.08, p<0.001), accounting for 92.9% of the
variance in FF (R?=0.929) as seen in Table 2. The test of
highest-order unconditional interactions revealed signif-
icant moderation effects for two biomarkers. This high
R? value indicates well-fitting model, and the significant
F-test confirms that the overall model has strong predic-
tive power. Specifically, the interactions between PD status
and both HMGB1 (R*-change=0.005, =0.001, p=0.010)
and BDNF (R?-change=0.003, $=0.114, p=0.033) were

Parameter Healthy controls ~ PDPatients ~ F/x2  df p statistically significant. The nature of these interactions is

Age (years) 613115351  63.722+13.154 1392 1/133  0.240 detailed in the conditional effects section below and visu-
Sex (female/male) 19/26 40/50 0.061 1 0.806 alized in Figure 1.
BMI (kg/m?) 27.019+2.27 2679744131 0.113  1/133  0.737
TUD, noyes 3114 72118 2046 1 01%2 Table 2. Associations between Parkinson'’s disease
Exerdse, nofyes 3213 70/20 072 1 0369 status (X) and circulating biomarker mediators (M) after
Employment, no/yes 1233 1674 148 1 003 controlling for age, BMI, exercise, sex, and TUD. This table
Rural/Urh, 11/34 17173 0.563 1 0.453 . . .

ural/Urban ! / shows the regression models with each biomarker as the
Family history, no/yes 44 61/29 15921 1 <0.001 .

outcome variable
Age of onset (years) - 58.811+13.164 - - -
Total-FF M46712634 402894732 - - - Biomarker()  CrectofXonM o ale p RE Modelp
(coefficient)
TOTAL - EDL - BIBTS = = - NSE 1379 0209 6603 <0.001 0.283 <0.001
TOTAL-PARTIII - 54.267+11.38 - - - - : - < ’ <
TOTALParcV - e~ - o DKK1 14011 2287 6127 <0.001 0255 <0.001
Hoehn & Yahr stage 2.772+0.868 _ B B GFAP 0.798 0.251 3.173 0.002 0.108 0.022
TOTAL-nVE-EDL Z I HMGB1 1018004 335348 3.036 0003 0098 0.037
Levodopa, no/yes - 27/63 - - - a-Synuclein 5.620 2,601 2.161 0.033 0.085 0.072
Kemadrin, no/yes - 65/25 - - - Sclerostin -0.442 1.589 -0.278 0.781 0.080  0.095
Sinemet, no/yes - 67/23 - - - BDNF 8.143 3385 2406 0.018 0.065 0.188
* BMI - body mass index, TUD - tobacco use disorder UCHL1 0.545 0215 2534 0.012 0.058 0.257
B-Amyloid-42 9.942 4969 2.001 0.048 0.057 0271

Results of the mediation study RSPO1 24.835 22339 1112 0268 0.026 0754

A multiple mediation analysis was conducted using
Hayes’ PROCESS Macro (Version 4.2, Model 4) to
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Fig. 1. Moderating effect of PD status on biomarker—fatigue relationships. Significant interactions (p < 0.05) were observed
for HMGB1 and BDNF, with associations present only in PD patients. For GFAP and NSE, interactions were non-significant

(p>0.05), indicating no disease-specific moderation

Table 3. Interaction effects between Parkinson’s disease
status and biomarkers on fatigue scores: results of simple
regression analyses. The moderation effects represent the
X X M interaction on FF score, X=Parkinson’s disease status,
and M=proposed biomarker mediators (M); the conditional
effect of Mon Y in controls (X=0) is not significant*

. PD status x Effectof Mon FF  Effectof MonFF _. .
Biomarker . . . . Significant
™ Biomarker in PD patients (SE) in controls (SE) interaction
interaction p-value [95% CI] [95% CI]
0.001(<0.001) -0.001(0.001)
HMGBT 001 00010002  [0003t00007] '
0.113(0.028) -0.001(0.018)
BDNF 0.033 [0.057-0.169] [-0.037 t0 0.035] Yes
1.380(0.332) 0.915(0.876)
GFAP 0.469 072207  [082w0265]
1.263 (0.442) 0.447 (0.654)
NoE 0.264 [0.387-2.140] [-0.849t0 1.743] No
a-Synuclein 0445 D03(0033) - 0051(0.040) No

[-0.002t00.128]  [-0.049t00.111]

* Conditional effects are derived from regression models
including all covariates (age, sex, BMI, exercise, TUD), a
significant interaction indicates that the biomarker’s effect
on fatigue differs between PD patients and controls

Conditional direct effects of biomarkers on FF scores
The interaction effects between PD status (X) and the
biomarkers (M) on FF scores (Y) are presented in Ta-
ble 3. A significant interaction (PD statusxbiomark-
er) was observed for HMGBI1 (p=0.010) and BDNF
(p=0.033), indicating that the associations between
these two biomarkers and fatigue differ between PD pa-
tients and controls. The interactions were not significant
for GFAP (p=0.469) and NSE (p=0.264), suggesting that
their associations with fatigue do not significantly differ
by PD status. Other biomarkers (a-synuclein, etc.) also
showed non-significant interactions.

Direct, indirect, and total effects

The direct, indirect, and total effects of the biomark-
ers on the FF score in PD are presented in Table 4. The
bootstrapped analysis of indirect effects revealed four
significant mediation pathways through which PD sta-
tus correlates with FF scores. The pure natural direct
effect, accounting for all mediators, remained signifi-
cant (p=22.598, SE=1.114, p<0.001, 95% CI [20.391-
24.806]). The results in Table 4 present the bootstrap
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Fig. 2. Graphical diagram of the final model with key mediation and moderation pathways of fatigue in Parkinson’s disease

confidence intervals for specific indirect effects, indicat-
ing significant mediation via four biomarkers.

Table 4. Bootstrapped estimates of indirect associations
between Parkinson'’s disease status and fatigue scores via
biomarkers*

Indirect pathway Effect (Boot) BootSE BootLLCl BootULCI p

PD > NSE > FF 1.743 0.735 0366 3.293 <0.05
PD > HMGB1 > FF 1.207 0.543  0.266 2.38 <0.05
PD > GFAP > FF 1.101 0371 0464 1.936 <0.05
PD > BDNF > FF 0.921 0445  0.14 1.869 <0.05
PD > DKK1 > FF 0.738 0502 -0.292 1.692 >0.05
PD > a-Synuclein-> FF 0.355 0252 -0.156 0.844 >0.05
PD > B-Amyloid-42-> FF 0.223 0273 -0.191 0.88 >0.05
PD > Sclerostin > FF 0.02 014  -0.29 0.315 >0.05
PD > UCHL1-> FF -0.047 0.196  -0.407 0.384 >0.05
PD > RSPO1 > FF -0.164 0.186  -0.598 0.125 >0.05
Total indirect effect 6.095 - -

Pure direct effect 22.598 114 20391 24806  <0.001
Total effect 28.693 0.939  26.828 30524 <0.001

* Bootstrapped 95% confidence intervals (5,000 resamples)
that do not cross zero indicate significant indirect effects,
models controlled for age, sex, BMI, exercise, and TUD,

LLCI - lower level confidence interval, ULCI - upper level
confidence interval

A statistically significant indirect effect of PD on
fatigue was observed through elevated levels of NSE
(Effect=1.743, 95% BootCI [0.366-3.293]), HMGB1
(Effect=1.207, 95% BootCI [0.266-2.380]), GFAP (Ef-
fect=1.101, 95% BootCI [0.464-1.936]), and BDNF (Ef-

fect=0.921, 95% BootCI [0.140-1.869]). The indirect
effects through the remaining biomarkers were not sta-
tistically significant. The direct and indirect effects of di-
agnosis (presence of PD) on functional score through
blood biomarkers are presented in Figure 2. The to-
tal effect of PD on FF was significant (b=28.693, Boo-
tSE=0.939, 95% BootCI [26.828, 30.524]).

Discussion
The primary finding of this exploratory cross-sectional
mediation analysis is that GFAP, HMGB1, BDNF, and
NSE each show significant indirect (mediated) effects
from PD status to fatigue. Moderation analysis revealed
that the biomarker-fatigue relationship was disease-spe-
cific (i.e., differed significantly between PD patients and
controls) only for HMGB1 and BDNE, suggesting that
the PD pathophysiological environment may be re-
quired for their association with fatigue. For GFAP and
NSE, the non-significant interactions suggest that their
mediating roles did not differ significantly between
groups. These findings are associational only; causality
cannot be inferred from this cross-sectional design.
The indirect effects observed through GFAP,
HMGBI, BDNEF, and NSE are statistically consistent
with the hypothesis that dysregulation within these mo-
lecular pathways may be associated with fatigue severity
in PD. However, cross-sectional mediation does not es-
tablish causation. Interestingly, Table 3 shows that only
HMGBI and BDNF had significant interactions with
PD status, meaning their relationships with fatigue dif-
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Fig. 3. Hypothetical integrative pathway linking GFAP, HMGB1, BDNF, and NSE to fatigue in Parkinson’s disease

fer between PD patients and controls. GFAP, a struc-
tural protein released during astrocytic activation and
reactive gliosis,**? was significantly elevated in PD pa-
tients compared to controls and statistically mediated
the PD-fatigue association. Previous studies reported
that serum GFAP levels are elevated in PD and correlate
243 indicating astrocytic remod-
eling as a response to neurodegeneration.*** The pres-
ent results extend these observations by suggesting that
astroglial activation may also be statistically linked to
non-motor symptoms, specifically fatigue.

HMGBI plays a central role in orchestrating inflam-
matory cascades upon release, driving microglial activation
and progressive neurodegeneration, thereby establishing a
feed-forward cycle of damage.*>* The role of HMGBI, a
significant damage-associated molecular pattern (DAMP)
and key regulator of neuroinflammation, highlights the
essential involvement of innate immune activation in this
process.”?” Elevated HMGBI levels were associated with
higher fatigue scores only among PD patients (condition-

with cognitive decline,

al p=0.001, p=0.001). This aligns with previous work link-
ing HMGBI to chronic neuroinflammation in PD,"**> and
extends it by associating HMGB1 with a specific non-mo-
tor symptom. HMGB1-induced microglial activation and
mitochondrial dysfunction could, in theory, be associated
with a perceived energy deficit, a core feature of fatigue.*®
Nevertheless, serum HMGB1 may also originate from pe-
ripheral sources.

NSE was elevated in PD and showed a significant
indirect (mediated) effect on fatigue (Table 4). Howev-
er, the PD status x NSE interaction was not significant
(p=0.264, Table 3), indicating that the association be-
tween NSE and fatigue did not differ significantly be-
tween PD patients and controls. Elevated NSE is well
documented as a marker of acute or ongoing neuronal
injury in various neurological disorders.?*** Thus, NSE
may reflect a general fatigue mechanism rather than
a PD-specific pathway.

BDNE, typically considered neuroprotective and
supportive of dopaminergic neuron survival, was un-
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expectedly elevated in PD patients and positively as-
sociated with fatigue severity, with a conditional effect
present only in the PD group (B=0.113, p<0.001). This
finding appears paradoxical, given BDNF’s established
role in neuronal health.”?* Several speculative explana-
tions exist, none of which can be confirmed by the pres-
ent data. First, serum BDNF may reflect peripheral (not
central) sources and could be influenced by medication
effects, disease stage, or comorbid conditions, none of
which were fully controlled in this exploratory analy-
sis. Second, if the finding is replicable, speculative ex-
planations could include a maladaptive compensatory
response or context-dependent signaling in inflamed
neural tissue. However, longitudinal studies measur-
ing central and peripheral BDNF are needed before any
mechanistic conclusions can be drawn.

The overall findings are consistent with a hypothe-
sized model in which central fatigue in PD may be re-
lated to neuroinflammation and neuronal-astroglial
dysfunction. However, causality is not established. Fig-
ure 3 illustrates the hypothesized integrative pathway
of GFAP, HMGBI1, BDNF, and NSE in PD fatigue. This
cascade is proposed to disrupt critical brain regions in-
volved in motivation, reward, and the perception of ef-
fort, including the basal ganglia and prefrontal cortex.

While a-synuclein, f-amyloid-42, UCHL1, RSPOI,
DKK1, and sclerostin may be involved in PD pathogen-
esis or progression, they did not statistically mediate the
relationship between PD and fatigue in our model. This
dissociation suggests that different non-motor symp-
toms may be associated with distinct biomarker profiles.
For example, f-amyloid-42 has been linked to dopa-re-
sistant gait disturbances and oxidative stress, rather than
fatigue.*** Similarly, Wnt pathway modulators (DKK1,
RSPOLI, sclerostin) may be more relevant to neuronal
survival and motor progression than to fatigue percep-
tion. These null findings should be interpreted cautious-
ly, given the sample size and the exploratory nature of
the analysis.

Study limitations

Several limitations should be acknowledged. First, the
cross-sectional design precludes conclusions about cau-
sality, directionality, reverse causation, or unmeasured
confounding. Second, biomarkers were measured in
blood, not cerebrospinal fluid or brain tissue, and we
lack neuroimaging to confirm central origin. Third, the
FF scale does not fully distinguish fatigue from depres-
sion, apathy, sleep disturbances, or medication effects,
and residual confounding cannot be excluded. Fourth,
the case-control design and single-country sample
(Iraq) limit generalizability. Finally, although Hoehn
and Yahr stage was recorded, it was not included in the
mediation model; future studies should examine wheth-
er disease stage modifies these effects.

Conclusion

The results of the present study are consistent with a sta-
tistical mediation model in which PD is associated with
fatigue indirectly through elevated levels of specific bio-
markers of neuroinflammation (HMGBI), astroglial
activation (GFAP), neuronal injury (NSE), and a par-
adoxical BDNF response. However, causality cannot
be established from this cross-sectional design. The
disease-specific moderation effects (biomarkers pre-
dicting fatigue only in PD for HMGB1 and BDNF) gen-
erate testable hypotheses for future longitudinal and
mechanistic studies. These findings identify candidate
biomarkers that warrant further investigation in inde-
pendent cohorts.
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ABSTRACT

Introduction and aim. Diabetic peripheral neuropathy (DPN) is the most common complication of diabetes and is often diag-
nosed at an advanced stage when nerve damage becomes irreversible. Neurofilament light chain (NfL), a neuroaxonal injury
marker, and nerve growth factor (NGF), a neurotrophin, are potential biomarkers for evaluating axonal damage and neuro-
trophic support in DPN. This study aimed to evaluate the efficacy of serum NfL and NGF as concurrent biomarkers of axonal
injury and impaired neurotrophic support in a single cohort of patients with DPN, exploring their relationship with clinical and
electrophysiological parameters.

Material and methods. A case-control study was conducted, including 30 patients with type 2 diabetes mellitus (T2DM) and
DPN, 30 patients with T2DM without neuropathy (diabetic controls), and 60 healthy control subjects. Serum NfL and NGF con-
centrations were measured by enzyme-linked immunosorbent assay (ELISA). The primary outcome was the receiver operating
characteristic (ROC) performance of serum NfL for discriminating patients with DPN from healthy controls.

Results. Serum NfL levels were significantly elevated in patients with DPN (13.9+1.20 ng/mL) compared with diabetic controls
(9.83+£2.08 ng/mL) and healthy controls (5.60+2.53 ng/mL) (p<0.0001). Conversely, NGF levels were significantly lower in both
diabetic groups than in healthy controls (p<0.0001). In this case-control sample, ROC analysis showed that serum NfL discrim-
inated against DPN from healthy controls with an area under the curve (AUC) of 0.994 (sensitivity 96.6%, specificity 100.0%),
though this exceptionally high performance reflects discrimination against healthy individuals rather than diabetic controls.
Conclusion. Serum NfL and NGF represent promising candidate biomarkers of axonal injury and impaired neurotrophic sup-
port in DPN, respectively, and were correlated with glycemic control and disease duration in this cohort. However, given the
small, single-center, case-control design, further validation in larger, longitudinal, and duration-matched cohorts is required
before clinical implementation can be considered.

Keywords. diabetic peripheral neuropathy, nerve growth factor, neurofilament light chain

Introduction mon chronic complications of diabetes mellitus, causing
Diabetes mellitus is a growing global health problem. pain, sensory loss, and substantial impairment in qual-
According to the International Diabetes Federation, 589 ity of life.> DPN arises from chronic hyperglycemia, ox-
million adults were living with diabetes in 2024, and idative stress, and neuroinflammation, which together
this burden is expected to increase further.! Diabetic drive progressive nerve injury, demyelination, and ulti-
peripheral neuropathy (DPN) is among the most com- mately neuronal apoptosis.**
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A critical issue in the clinical management of DPN
is its often-delayed diagnosis, which typically occurs
at an advanced stage when significant and irreversible
nerve damage has already occurred.>® This diagnos-
tic latency underscores the urgent need for sensitive
and specific biomarkers that can facilitate early detec-
tion and intervention in this patient population. In this
context, two molecular candidates have garnered con-
siderable attention: neurofilament light chain (NfL) and
nerve growth factor (NGF). NfL is a 68-kDa structur-
al protein that is an integral component of the neuro-
nal cytoskeleton and is essential for maintaining axonal
caliber and structural integrity.” Upon neuroaxonal in-
jury, NfL is released from damaged neurons into the ex-
tracellular space and subsequently into the peripheral
bloodstream, where its concentration reflects the mag-
nitude of ongoing axonal damage. Elevated circulating
NfL levels have been consistently demonstrated across
a wide range of neurodegenerative and peripheral nerve
disorders, and emerging evidence supports its role as a
dynamic and sensitive biomarker for DPN.*?

Conversely, nerve growth factor is a member of the
neurotrophin family and is indispensable for the devel-
opment, survival, differentiation, and long-term main-
tenance of peripheral sensory and sympathetic neurons.
Its biological effects are mediated primarily through the
high-affinity tropomyosin receptor kinase A (TrkA),
which promotes neuronal survival and axonal regenera-
tion. A growing body of evidence indicates that a neuro-
trophic deficit, characterized by reduced NGF synthesis
and impaired TrkA signaling, contributes to DPN and
renders neurons increasingly vulnerable to hypergly-
cemia-induced injury.'®!! While previous studies have
independently investigated NfL and NGF in diabet-
ic neuropathy, research evaluating both markers in the
same cohort remains limited. Their ability to distinguish
diabetic participants with neuropathy from those with-
out neuropathy, and their relationships with glycemic
exposure and disease duration, therefore merit further
investigation.

Aim

Accordingly, this study aimed to evaluate serum NfL
and NGF as individual and concurrent biomarkers of
axonal injury and neurotrophic dysfunction in DPN,
and to explore their associations with clinical and elec-
trophysiological parameters. The primary novelty of
this study lies in the simultaneous assessment of both
serum NfL and NGF within the same cohort of patients
with DPN, which allows for a direct comparison of ax-
onal damage and neurotrophic support. However, this
novelty statement is made cautiously, as individual as-
sessments of these biomarkers have been reported pre-
viously. The analysis of DPN severity was considered
exploratory.

Material and methods

Study design and ethical considerations

This case-control study was conducted at Al-Imameen
Al-Kadhimayn Medical City in Baghdad, Iraq, over a
duration of 5 months, from September 2025 to January
2026. The study protocol was developed in accordance
with ethical principles for medical research involving hu-
man subjects as outlined by the Declaration of Helsinki.
Ethical approval was obtained from the Institutional Re-
view Board of the College of Medicine, Babylon Univer-
sity, Iraq (Approval Number: MB5-69, date: 18/9/2025).
Participants were given a full explanation of the study
purposes and procedures, and written informed consent
was obtained prior to study enrollment.

Participant recruitment and group allocation
A total of 120 participants aged 41-77 years were re-
cruited for this study. The sample size was determined
based on previous literature evaluating biomarker vari-
ations in DPN, ensuring sufficient power (80%) to de-
tect a significant difference at an alpha level of 0.05.
The principal analytic focus was the discrimination of
participants with DPN from healthy controls, where-
as severity subgroup comparisons were planned as ex-
ploratory analyses. Potential confounding factors such
as age, metabolic status (BMI), and renal function were
considered during patient selection and data interpre-
tation, as these variables may influence circulating NfL
and NGF levels. Participants were allocated to one of
three distinct cohorts:

- Group 1 (DPN patients, n=30): This group compri-
sed patients with a pre-existing diagnosis of type 2
diabetes mellitus and a clinically and electrophysio-
logically confirmed diagnosis of diabetic peripheral
neuropathy.

- Group 2 (diabetic controls, n=30): This group com-
prised patients with a diagnosis of type 2 diabetes
mellitus but with no clinical or electrophysiological
evidence of peripheral neuropathy.

- Group 3 (healthy controls, n=60): This group inclu-
ded apparently healthy individuals with no history
of diabetes, neurological disorders, or other chro-
nic illnesses that could potentially interfere with the
study’s endpoints.

The inclusion criteria for the diabetic groups were

a confirmed diagnosis of type 2 diabetes mellitus. The

exclusion criteria for all groups included a history of

significant renal or hepatic disease, active malignancy,
acute inflammatory conditions, or other known causes
of peripheral neuropathy.

Clinical and demographic data collection

A standardized case report form was used to collect de-
tailed information from all participants. This included
demographic data (age and sex), comprehensive med-
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ical history, and duration of diabetes for participants
in Groups 1 and 2. Anthropometric measurements, in-
cluding height and weight, were used to calculate the
Body Mass Index (BMI) for each participant, quantified
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as kg/m?.

Assessment of peripheral neuropathy

All participants in the diabetic cohorts (groups 1 and 2)
underwent comprehensive nerve conduction studies
(NCS) to objectively assess the functional status of their
peripheral nerves. The examinations were performed by
an experienced neurophysiologist using a Nihon Kohden
electrophysiology system (Nihon Kohden, Japan). All
studies were conducted under standardized, tempera-
ture-controlled conditions to ensure the reliability and
consistency of the results. The NCS protocol included the
assessment of both sensory and motor nerves to confirm
the diagnosis of DPN and grade its severity. The severi-
ty of DPN was stratified into mild, moderate, or severe
categories based on a standardized composite score de-
rived from NCS parameters. Mild DPN was defined as
a reduction in sensory nerve action potential (SNAP)
amplitude (<50% of the lower limit of normal, LLN) in
at least two sensory nerves (sural or superficial perone-
al) with normal motor conduction. Moderate DPN was
defined as abnormal sensory conduction combined with
mild-to-moderate reductions in motor conduction veloc-
ity (<10% below LLN) or compound muscle action po-
tential (CMAP) amplitudes in the common peroneal or
tibial nerves. Severe DPN was characterized by the com-
plete absence of recordable SNAPs in the lower extrem-
ities, accompanied by severe motor conduction velocity
slowing (>20% below LLN) or a marked reduction in
CMAP amplitudes (<50% of LLN)."

Biochemical analyses

Sample collection and processing

Fasting venous blood samples were collected from all
participants in the morning. Samples were harvested in
serum separator tubes and allowed to clot at room tem-
perature. After that, the samples were centrifuged at 3000
rpm for 15 min to obtain the serum. Further, the serum
obtained was aliquoted into cryovials and stored at —80°C
until analysis to maintain stability of all biomarkers.

Immunoassays

Serum levels of NfL and NGF were measured using
commercially available sandwich enzyme-linked im-
munosorbent assay (ELISA) kits (Bioassay Technology
Laboratory, Shanghai, China; lot no of NfL: E4467Hu
and NGF E2102Hu ), strictly adhering to the manufac-
turer’s instructions. The assay procedure was as follows:
1) Standards and samples were prepared and diluted as
recommended by manufacturer; 2) 50 pL of standard
or sample was added to the appropriate wells; 3) 50 pL

of biotinylated antibody was added to each well and in-
cubated; 4) Wells were washed, and streptavidin-HRP
was added; 5) After further washing, substrate solution
was added for color development; 6) The reaction was
stopped, and optical density was measured at 450 nm.
All samples were measured in duplicate to ensure ac-
curacy. The analytical sensitivity for the NFL assay was
0.054 ng/mL with a standard curve range of 0.1-35 ng/
mL. The analytical sensitivity for the NGF assay was
3.48 pg/mL with a detection range 7-1500 pg/mL. For
both assays, the intra-assay coeflicient of variation (CV)
was <8%, and the inter-assay CV was <10%.

Statistical analysis

Statistical analysis of the data obtained was performed
using the SPSS software package (version 26.0, IBM,
Armonk, NY, USA). Summary statistics of quantita-
tive variables are expressed as meantstandard deviation
(SD). Differences between the three study groups were
evaluated using one-way analysis of variance (ANOVA),
followed by Tukey’s post-hoc test for multiple compar-
isons. For categorical variables, numbers and percent-
ages are shown, and comparisons between groups were
made with the chi-square (x?) test. The prespecified pri-
mary outcome was the area under the receiver operating
characteristic (ROC) curve for serum NfL in discrim-
inating participants with DPN from healthy controls.
Secondary analyses included between-group compari-
sons for NfL and NGE bivariate correlations, and ex-
ploratory comparisons according to DPN severity. ROC
curve analysis was used to evaluate diagnostic accura-
cy, and the AUC, optimal cut-off values, sensitivity, and
specificity were calculated from the ROC curves. No
multivariable regression model or combined biomarker
ROC model was generated in the present dataset. Statis-
tical significance was defined as p<0.05.

Results

Demographic and clinical data of the 120 partici-
pants are described in Table 1. The mean glycated he-
moglobin (HbAlc) level was significantly higher in
patients with DPN compared to those without neurop-
athy (8.33£2.36% vs. 6.71+1.13%; p<0.0001). The du-
ration of diabetes was significantly longer in the DPN
group compared to the non-DPN group (16.946.77 vs.
2.5%1.35 years; p=0.003). A significant difference in gly-
cemic control (HbA1lc) was observed among the three
groups (p<0.0001), with the highest HbA1c level found
in patients with DPN (8.33+2.36%). Diabetic cohorts
demonstrated significantly elevated levels of NfL con-
centrations compared to healthy controls (p<0.001),
and patients with DPN had the highest mean level at
13.9+1.20 ng/mL, which was significantly higher than
in diabetic controls (9.83+2.08 ng/mL, p<0.001). On
the other hand, NGF concentrations were markedly de-
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creased in both diabetic groups compared to healthy
controls (p<0.0001) and especially low in diabetic pa-
tients with neuropathy (202.6+21.3 pg/mL), although
the difference between DPN patients and diabetic con-
trols did not reach statistical significance (p>0.05).

Table 1. Demographic characteristics of the population
under study*

Characteristic Diabetes patients  Diabetes Healthy control ]
with neuropathy patients without (n=60)

(n=30) neuropathy
(n=30)

Age (years)
Mean+SD 56.66+6.67 53.26+8.63 54.69+8.78 0.086
Range (42.0-70.0) (43.0-73.0) (41.0-77.0)
Sex
Male, n (%) 20 (66.7%) 18 (60.0%) 30(50.0%) 0.1128
Female, n (%) 10(33.3%) 12 (40.0%) 30(50.0%)
Duration of disease (years)
Mean+SD 16.946.77 254135 — 0.003
Severity of disease
Mild, n (%) 10(33.3%) — — N/A
Moderate, n (%) 11(36.7%) — —
Severe, n (%) 9(30.0%) — —
HbA1c (%)
Mean+SD 8.33+2.36" 6.71+1.13% 5.14+0.53*  <0.0001
NfL (ng/mL)
Mean+SD 13.9+£1.204 9.83+2.08° 560+2.53¢  <0.0001
NGF (pg/mL)
Mean+SD 202.6+21.34 212.3+26.2 311.2432.2°8  <0.0001

* n — number of cases, capital letters A, B and C indicate
the level of significance following Tukey's multiple
comparisons test; similar letters indicate no significant
difference, whereas different letters indicate significant
difference

A statistically significant positive correlation was ob-
served between HbAlc and serum NfL levels (r=0.574,
p<0.001) and a significant negative correlation was
found between HbA1c and serum NGF levels (r=—0.570,
p<0.001). Serum NfL was positively correlated with dia-
betes duration (r=0.733, p<0.001). NGF demonstrated a
strong inverse correlation with NfL (r=—0.613, p<0.001).
The correlation of NGF with diabetes duration was not
statistically significant (r=0.059, p=0.667).

Table 2. Correlation matrix of investigated biomarkers and
clinical variables
Variables AGE BMI Duration  HbA1c NfL NGF

The ROC curve analysis results are presented in
Table 3. Both biomarkers showed good discrimina-
tion between diabetic groups and healthy controls.
NfL demonstrated an AUC of 0.886, with a sensitiv-
ity of 73.1% and specificity of 99.1%, at a cut-off val-
ue of >5.93 ng/mL in distinguishing diabetic patients
without neuropathy from control subjects (p<0.001).
For differentiating DPN patients from healthy controls,
NfL demonstrated an AUC of 0.994 with 96.6% sensi-
tivity and 100% specificity at a cut-off value of >11.9
ng/mL. NGF also showed good discriminative power,
with an AUC of 0.85 (p<0.001) for differentiating dia-
betic subjects without neuropathy from healthy controls
(cut-off: £226.2 pg/mL, sensitivity: 92.3%, specificity:
88.5%) and an AUC of 0.87 (p<0.001) for differentiating
DPN patients from healthy controls (cut-off: <227.8 pg/
mL, sensitivity: 96.7%, specificity: 88.0%). Important-
ly, to address the more clinically relevant distinction,
we performed an exploratory ROC analysis compar-
ing patients with DPN directly against diabetic controls
(T2DM without neuropathy). For this comparison, se-
rum NfL demonstrated a high discriminative capacity
with an AUC of 0.892 (95% CI: 0.79-0.99, p<0.001) at
an optimal cut-off of >11.8 ng/mL, yielding a sensitivity
of 90.0% and a specificity of 83.3%. In contrast, serum
NGF exhibited poor discriminative power between the
two diabetic cohorts, with an AUC of 0.584 (95% CI:
0.43-0.74, p=0.26) at a cut-off of <208.5 pg/mL (sensi-
tivity: 63.3%, specificity: 56.7%), which reflects the sub-
stantial overlap in NGF levels between diabetic patients
with and without neuropathy.

Table 3. Diagnostic performance of NfL and NGF

Marker Comparison Groups Cut-off Sensitivity Specificity AUC(95%Cl) p

NfL DM without >593 731%  99.1% 0.886  <0.001
(ng/mL) neuropathy vs healthy (0.78-0.98)
control

DM with neuropathy >11.9  96.6% 100% 0994  <0.001
vs healthy control (0.96-1.00)

DM with neuropathy >11.8  90.0%  83.3% 0.892  <0.001

vs DM without (0.79-0.99)
neuropathy
NGF DM without <2262 923%  88.5% 085  <0.001
(pg/mL) neuropathy vs healthy (0.73-0.96)
control
DM with neuropathy <227.8  96.7% 88% 0.87  <0.001
vs healthy control (0.76-0.97)

DM with neuropathy <2085 63.3%  56.7% 0.584 0260
vs DM without (0.43-0.74)
neuropathy

NfL R 0221 -0.15 0.733 0.574 1 -0.613
p 0.046 0.16 <0.001  <0.001 <0.001
n 60 60 60 60 60 60
NGF R -0.071 0.10 0.059 -0.570  -0.613 1
p 0524 0.37 0.667 <0.001  <0.001
n 60 60 60 60 60 60

An analysis was conducted to compare the levels
of biochemical parameters according to the severity of
DPN (Table 4). The mean serum NfL concentrations
were 13.9+1.10 ng/mL in the mild group, 13.52+1.3
ng/mL in the moderate group, and 13.61+2.3 ng/mL
in the severe group. The mean serum NGF concentra-
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tions were 206.2+14.1 pg/mL, 196.1+13.2 pg/mL, and
211.3+24.4 pg/mL in the mild, moderate, and severe
groups, respectively. Despite numerical variations, there
were no statistically significant differences in the mean
levels of either NfL (p=0.87) or NGF (p=0.31) across the
three DPN severity stages.

Table 4. Comparison of biochemical parameters according
to the severity of disease

Characteristic Mild Moderate Severe P
n=10 n=11 n=9
NfL (ng/mL, 13.9+1.10 135213 13.61+23 0.87
mean=+SD)
NGF (pg/mL, 206.2£14.1  196.1+13.2 21131244 0.31
mean=SD)
Discussion

The present study evaluated serum NfL and NGF levels
in patients with type 2 diabetes mellitus (T2DM) with
and without peripheral neuropathy. We observed sig-
nificantly higher serum NfL and lower serum NGF lev-
els in patients with DPN compared to healthy controls,
reflecting progressive neuroaxonal injury and impaired
neurotrophic support.'**?

Our observation that serum NfL levels were highest
in patients with DPN (13.9£1.20 ng/mL), intermediate
in diabetic controls (9.83£2.08 ng/mL), and lowest in
healthy controls (5.60+2.53 ng/mL) supports the role of
NfL as a sensitive marker of axonal damage. This graded
elevation suggests that neuroaxonal injury is a continu-
ous process in diabetes, potentially starting subclinically
before the clinical onset of neuropathy. This is consistent
with findings by Nasr-Eldin et al., who reported elevated
serum NfL in diabetic patients regardless of neuropathy
status, with the highest levels in those with confirmed
DPN.' This indicates that diabetes may induce a state
of subclinical neural injury that can be detected by NfL.

The strong positive correlation between serum NfL
and diabetes duration (r=0.733, p<0.001) as well as
HbAlc (r=0.574, p<0.001) suggests that cumulative gly-
cemic exposure and metabolic stress drive progressive
axonal degeneration. This is in agreement with prior
longitudinal analyses,'*"” although our cross-sectional
design prevents causal inferences.

In terms of diagnostic performance, the excep-
tionally high AUC of 0.994 for NfL in distinguishing
patients with DPN from healthy controls must be in-
terpreted with caution, as case-control studies compar-
ing diseased cohorts with healthy individuals typically
overstate diagnostic accuracy. Indeed, when we per-
formed the more clinically relevant comparison be-
tween DPN patients and diabetic controls, the AUC for
NfL decreased to 0.892. While still reflecting good di-
agnostic performance, this indicates that the biomark-
er’s utility is more modest in clinical settings where the

goal is to differentiate neuropathy from diabetes-relat-
ed changes. This is consistent with Chen et al., who re-
ported an AUC of 0.829 for NfL alone in distinguishing
DPN from non-DPN diabetic patients.”” Therefore, se-
rum NfL should be regarded as a promising candidate
biomarker requiring further validation, rather than a
tool ready for routine clinical use.

Interestingly, our study did not find a significant
association between NfL levels and clinical severity of
DPN (mild, moderate, severe). This finding should be
interpreted cautiously because the severity subgroups
were small, making the analysis exploratory and under-
powered. Nevertheless, the absence of a clear gradient
is consistent with recent reports suggesting that serum
NfL may reflect axonal injury more directly than symp-
tom-based severity phenotypes.'®*

Our study identified significantly lower serum NGF
levels in patients with DM, with the most pronounced
reduction in the DPN group. This supports the neuro-
trophic deficit hypothesis, which posits that a deficien-
cy in essential growth factors, such as NGF, contributes
to neuronal vulnerability and degeneration in DPN.>*
The significant negative correlation between NGF and
HbAlc (r=-0.570, p<0.001) in our cohort reinforces the
link between poor glycemic control and impaired neu-
rotrophic support.

A comprehensive review by Massimino et al. ex-
plains that disruption of the NGF/proNGF axis is a key
element in DPN pathophysiology.?® Our findings are
also directionally consistent with prior clinical work by
Sun et al., who reported lower serum NGF levels in pa-
tients with DPN and suggested diagnostic utility for this
marker.” These external data should be interpreted as
contextual support rather than confirmation of our sin-
gle-center cross-sectional observations.

The structural and functional alterations observed
in DPN, reflected by altered NfL and NGF levels, are
fundamentally driven by chronic hyperglycemia-in-
duced oxidative stress and neuroinflammation. Re-
cent experimental evidence highlights the potential of
targeting these pathways to mitigate nerve injury. For
instance, a recent study by Ar1 et al. investigated the pro-
tective effects of dichloroacetic acid (DCA) in a rat mod-
el of diabetic neuropathy. The authors demonstrated
that DCA administration significantly alleviated neuro-
pathic alterations by reducing lipid peroxidation and in-
flammation, leading to improved nerve conduction and
motor function.? Such mechanistic insights underscore
the critical role of oxidative stress and inflammation in
the pathogenesis of DPN and provide a vital context for
our biomarker findings, suggesting that therapeutic in-
terventions targeting these pathways may help preserve
neuroaxonal integrity and neurotrophic support.

The diagnostic performance of NGF in our study
(AUC=0.87) was good, although not as high as that of
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NfL. This is consistent with the general understanding
that structural damage markers NfL often exhibit higher
diagnostic accuracy than markers of regulatory pathways
or trophic factors (NGF).” NGF may be more reflective
of the underlying state of neurotrophic dysregulation
than a direct measure of the extent of axonal breakdown.

The inverse correlation between NfL and NGF (r=
-0.613, p<0.001) suggests that increasing neuroaxonal in-
jury may coexist with declining neurotrophic support.
This conceptual framework is biologically appealing; how-
ever, we did not construct a combined biomarker model,
compare a combined ROC curve with NfL alone, or test
incremental discrimination. Therefore, the potential add-
ed value of using both markers together should be consid-
ered hypothesis-generating rather than established.

It is important to acknowledge that the statisti-
cal analyses employed in this study, namely one-way
ANOVA, bivariate Pearson correlation, and ROC curve
analysis, do not account for the potential confounding
effects of variables such as age, BMI, and renal function
on biomarker levels. Although age and sex were not sig-
nificantly different between groups, multivariable re-
gression analysis would have provided a more rigorous
assessment of the independent association of NfL and
NGF with DPN status. In addition, renal function was
addressed through exclusion criteria rather than direct
adjustment with creatinine or eGFR values, which war-
rants caution because circulating NfL may be influenced
by kidney clearance

Study limitations

Several limitations of this study should be acknowledged.
First, the relatively small sample from a single center may
limit generalizability. Second, the cross-sectional design
precludes causal inference. Third, although major co-
morbid conditions were excluded, renal function was
not incorporated as a measured covariate, and unmea-
sured subclinical renal impairment or systemic inflam-
mation may have affected biomarker levels. Fourth, no
multivariable regression, confidence intervals, standard-
ized effect sizes, or combined biomarker models were
generated, limiting inference about independent or ad-
ditive diagnostic value. Fifth, the severity analysis was
underpowered because the DPN subgroup sizes were
small (10/11/9) and should therefore be regarded as ex-
ploratory. Finally, the ROC analyses were performed
against healthy controls, and the exceptionally high di-
agnostic accuracy observed for NfL requires validation
in larger cohorts that include clinically relevant diabetic
comparison groups. Additionally, there was a significant
difference in the duration of diabetes between the DPN
group and the non-neuropathy diabetic group. Because
both NfL and NGF levels may be influenced by cumula-
tive glycemic exposure over time, this disparity makes it
difficult to definitively determine whether the observed

changes in biomarker levels are directly attributable to the
presence of neuropathy or simply reflect the longer du-
ration of diabetes. Future studies with duration-matched
cohorts are required to clarify this.

Conclusion

In conclusion, serum NfL levels were significantly elevat-
ed and serum NGF levels were significantly reduced in
patients with DPN compared to healthy controls. These
findings support the potential of serum NfL and NGF
as promising candidate biomarkers of axonal injury and
impaired neurotrophic support in DPN, respectively.
However, given the small, single-center, cross-section-
al case-control design, lack of multivariable adjustment,
and the reduced diagnostic performance of NfL in dis-
tinguishing DPN from diabetic controls, these results
must be considered preliminary. Further validation in
larger, longitudinal, and duration-matched cohorts is
strictly required before these biomarkers can be consid-
ered for clinical implementation or routine diagnostic
monitoring.
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ABSTRACT

Introduction and aim. Health behaviors include all actions that may affect health status. This research was conducted to assess
the level of health-related behaviors among professionally active nurses.

Material and methods. 322 nurses took part in the study. The work used the method of cross-sectional study, the question-
naire technique, and the research tool was the author’s Personal Information Form (PIF), and Health Behavior Inventory (HBI).
Results. In the studied group of nurses, the level of the health behavior index was 78.9 points. Rural residents have a slightly
worse mental attitude and are slightly more likely to show a low level of health behavior. Nurses with chronic illness present
a higher level of health behavior than their healthy colleagues. Age and seniority do not affect the health behavior of the re-
spondents.

Conclusion. The level of health behavior in the studied group of active nurses was moderate. The results obtained indicate the
need to undertake targeted preventive and educational activities, especially among groups of nurses with lower health behaviors.

Keywords. health, health behaviors, nurses

Introduction

Nurses constitute the most feminized and numerous pro-
fessional group in the healthcare system in the world.'
Their role goes far beyond performing medical procedures
and includes educational, preventive and health promo-
tion activities. At the same time, it is a professional group
particularly exposed to physical and mental overload. Nu-
merous studies confirm that high workload, time pressure,
professional responsibility, staff shortages and stress relat-
ed to caring for patients in life-threatening conditions sig-
nificantly affect the health and well-being of nurses.>*

Shift work, including night shifts and irregular
work rhythms, is a particularly important risk fac-
tor. It disrupts the body’s natural circadian rhythm,
leading to sleep problems, chronic fatigue, and an in-
creased risk of metabolic and cardiovascular diseas-
es.>* The literature also indicates a link between shift
work and an increased risk of obesity, mood disorders
and burnout.”® Long-term exposure to occupational
stress can further lead to a decrease in the quality of
life and deterioration of the over-all health of nurs-
ing staff.
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Despite the numerous burdens, working with a pa-
tient can be a source of professional satisfaction and a
sense of meaning in the duties performed.>'* Howev-
er, this satisfaction often co-occurs with a high level of
stress, which creates a complex picture of the profes-
sional functioning of nurses. In the context of growing
staff short-ages and the ageing of the nursing popula-
tion, the issue of nurses’ health and well-being is of par-
ticular systemic importance.'

A healthy lifestyle and taking appropriate health be-
haviors are a key element of maintaining good health
and a high quality of life.'>'* Health behaviors are de-
fined as all actions of an individual that affect their
health - both in a beneficial way (health-promoting
behavior) and in an unfavorable way (anti-health be-
havior).”* These range from responses to health-related
situations as well as entrenched habits and conscious ac-
tions taken to protect it."

The most frequently analyzed health-promoting be-
haviors includes regular physical activity, rational nu-
trition, avoidance of psychoactive substances, attention
to sleep hygiene and skillful stress management. These
behaviors have both short-term (improved well-being,
increased energy levels) and long-term (prevention of
chronic diseases, prolongation of life).'”> Wellbeing re-
search emphasizes that health status is one of the key
components of quality of life and strongly correlates
with subjective life satisfaction.'® Health behaviors af-
fect well-being both directly and indirectly - by im-
proving physical and mental health. People leading a
health-promoting lifestyle show a higher level of mental
well-being, greater emotional resilience and lower lev-
els of stress.”” In a holistic approach, health is treated as
a multidimensional construct, including physical, men-
tal and social components, the level of which directly af-
fects the overall quality of life.!*'®1°

In recent years, more and more attention has been
paid to the well-being of nursing staff as a factor deter-
mining not only the quality of life of nurses themselves,
but also the quality of patient care.'®"? Good health and
high life satisfaction are conducive to greater profes-
sional engagement, lower levels of burnout and high-
er work efficiency.?® On the other hand, chronic stress,
lack of organizational support and work overload sig-
nificantly increase the risk of burnout and reduced qual-
ity of care.>*! From a systemic perspective, maintaining
a high level of nurses’ well-being translates into patient
safety, fewer medical errors and higher satisfaction with
healthcare.>** At the same time, nurses are expected
to act as models of health-promoting behavior, which
means that their own health attitudes can influence the
credibility and effectiveness of educational activities.?

Despite numerous studies on the workload and
burnout of nurses, relatively less attention has been paid
to the analysis of the level of their health behavior and

the factors that determine it. In particular, there is a lim-
ited number of studies analyzing the relationship be-
tween health behaviors, selected sociodemographic and
occupational factors (including shift work) and well-
being indicators. An in-depth understanding of these
relationships can be the basis for the development of
targeted sup-port programs, modification of work orga-
nization and the implementation of systemic health pro-
motion activities in the nursing community.

Aim

The aim of this study was to assess the level of health-re-
lated behaviors among professionally active nurses and
to analyze selected sociodemographic and occupation-
al factors, including the nature of shift work and chron-
ic diseases occurrence. The following research questions
were formulated: What is the level of health behavior in
the studied group of nurses? Do health behaviors vary
depending on selected sociodemographic variables? Is
there a relationship between health behavior and occu-
pational factors, including shift work? The novelty of
this study lies in the assessment of health-related behav-
iors and occupational characteristics.

Material and methods

Study design

It was a descriptive cross-sectional study aimed at as-
sessing the level of health behavior of nurses and their
relationship with selected sociodemographic and oc-
cupational factors.

Participants and settings

The sample was selected using a convenience sampling
method. The study involved 322 nurses employed in
two hospitals in south-eastern Poland. The inclusion
criteria included: age over 18 years, active employment
as a nurse, minimum one year’s work experience in the
nursing profession and voluntary participation in the
study. People who do not meet the above criteria are
excluded. A total of 322 completed forms were includ-
ed in the analysis due to missing data, some analyses
were conducted on reduced subsamples; therefore, the
number of observations varies across tables.

Ethical considerations

The study was conducted in accordance with the eth-
ical principles outlined in the Declaration of Helsinki
and received approval from the Bioethics Committee
at the University of Rzeszow from 09/05/2019 (Resolu-
tion No. 30/05/2019). Prior to the commencement of
the study, participants were informed about the aims
and design of the project and were advised that partic-
ipation was anonymous and entirely voluntary. They
were then asked to provide informed verbal consent to
participate. No incentives were offered for participa-
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tion. Nurses who provided consent were subsequently
invited to complete the questionnaire.

Data collections

The questionnaires were distributed in two hospitals in
south-eastern Poland between May and June 2019. Re-
spondents received clear instructions on how to com-
plete the survey. After filling out the questionnaires,
they were deposited in a special urn located on the
premises of the hospital.

Research instruments

Personal Information Form (PIF)

The PIF author’s questionnaire included questions on
socio-demographic and occupational characteristics,
including age, place of residence, length of service,
work system, occurrence of chronic diseases.

Health Behavior Inventory (HBI)

The level of health behavior was assessed using the
HBI by Zygfryd Juczynski.* The questionnaire con-
sists of 24 statements relating to health-promoting
behaviors. Respondents determined the frequency of
undertaking individual behaviors over the past year,
using a five-point Likert scale (1 - almost never, 2
- rarely, 3 - occasionally, 4 - often, 5 - almost al-
ways). On the basis of the data obtained, the over-
all rate of health-related behaviors undertaken by
respondents and the level of severity in four catego-
ries of health behaviors were calculated: proper eating
habits, preventive behaviors, positive mental attitude
and health practices. The value of the General Health
Behavior Index (GI) ranges from 24 to 120 points,
with a higher value indicating a higher level of de-
clared health-promoting behaviors. According to the
summary classification of the HBI scale, the results
are converted into sten units, on the basis of which
three levels of health behavior are distinguished: low
(1-4 sten), average (5-6 sten) and high (7-10 sten).
The HBI is a standardized tool with established psy-
chometric properties. In the original validation study;,
the overall internal consistency was good (Cronbach’s
a=0.85), while the four subscales showed reliability
coeflicients ranging from 0.60 to 0.65.%

Statistical analysis

The statistical analysis was carried out in the Statis-
tica 13.3 (TIBCO Software Inc. Palo Alto, CA, USA)
program. Quantitative variables are described using
the arithmetic mean (M), standard deviation (SD),
median, and range of values. Qualitative variables are
presented as numbers (n) and percentages (%). The
normality of the distribution of quantitative variables
was assessed using the Shapiro-Wilk test. Due to the
non-normal distribution of the analyzed variables, the

non-parametric Mann-Whitney and Kruskal-Wallis
tests were used. The chi-square test of independence
was applied for qualitative variables. The level of statis-
tical significance was assumed to be p<0.05.

Results

Study group characteristics

The study group consisted of 322 nurses. Only wom-
en participated in the study. The analysis of sociode-
mographic characteristics showed that over 40% of
respondents were under 30 years of age, and the larg-
est percentage had 1 to 5 years of work experience in
the profession. The majority of participants lived in the
countryside 57.8%, while 42.2% came from the city. The
dominant work system was shift work, i.e. 80.1% of the
respondents, while 19.9% worked in a one-shift system.

One in five nurses (23%) confirmed a chronic disease
(Table 1).

Table 1. Sociodemographic characteristics of respondents
(n=322)

Variables n %
Age (in years) <30 130 403
30-49 128 39.7
>50 61 19.0
Place of residence city 135 419
village 187 58.1
Seniority (in years) >5 130 403
5-25 97 302
>25 95 295

System of work shift work 258 80.1
single-shift work 64 19.9
Chronic disease yes 74 23.0
not 248 77.0

Level of health behavior according to HBI

The table below summarizes the distribution of health
behavior levels across the four domains assessed us-
ing the HBI), as well as the overall index. In the study
group, the mean value of the overall HBI was 78.9 points
(Me=79), which corresponds to a average level of health
behaviors according to the HBI classification (Table 2).

Table 2. Level of health behaviors according to HBI

Level of health-related -
. X
behaviors

Healthy dietary habits 339 333 068 3.00 3.8 150 5.00
Preventive behaviors 338 350 071 283 383 117 48
Positive psychological attitude 3.37 333 0.68 3.00 3.83 1.17 5.0
Health practices 3.01 300 064 267 350 100 500

HBI 789 79 132 7N 88 35 7

Me s 25 5 min  max

The majority of nurses present a low (44.7%) or av-
erage (41.6%) level of health behavior, and only 13.7%
a high level (Table 3).
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Table 3. Level of health-related behaviors

Level of health-related behaviors Frequency Percentage
Low 144 44.7%
Average 134 41.6%
High 4 13.7%

The influence of selected socio-demographic factors on
psychometric measures

In the next part, the impact of selected factors - inde-
pendent variables - related to professional status, but
also demographic characteristics and social status — on
the level of health behavior was analyzed. The calcula-
tions were based on the numerical values of the HBI
measures, as well as the classification made on this basis.

Selected socio-demographic factors and the level of health
behavior

The analysis did not show statistically significant differ-
ences in the level of health behavior depending on the
age of the respondents (p>0.05). The values of the me-
dians of the individual components of the HBI and the
general index were similar in the analyzed age groups.
However, a slight upward trend was observed, consist-
ing in obtaining slightly higher values of the HBI index
and selected categories of health behaviors in the old-
est group of respondents (>50 years).

The place of residence showed a certain tenden-
cy to differentiate the level of health behavior. Respon-
dents living in cities scored slightly higher in terms of
positive mental attitude compared to rural residents,
with this difference being close to the level of statistical
significance (p=0.058). A similar trend was observed
for the overall HBI index.

Similarly, the length of service in the profession
did not significantly differentiate the level of health
behavior (p>0.05). Although the longest-serving peo-
ple scored slightly higher median in some categories
of health behaviors, these differences did not reach the
level of statistical significance. There were also no sta-
tistically significant differences in the level of health
behavior between people working in shifts and in
a one-shift system (p>0.05).

A statistically significant relationship was observed
in relation to the occurrence of chronic disease. Peo-
ple declaring a chronic disease showed a higher level of
proper eating habits compared to respondents without
chronic diseases (p=0.015). In addition, slightly higher
values of the overall HBI index were recorded in this
group, with this difference being close to the level of
statistical significance (p=0.077), (Table 4).

The analysis did not show statistically significant
relationships between the level of health behavior and
the age of respondents (p=0.1443) or length of service
(p=0.2832). In each of the analyzed groups, a low lev-
el of health behavior prevailed, although with age there

Table 4. The influence of selected socio-demographic
factors on psychometric measures

Age [years] — Kruskal-Wallis test
<30 30-49 >50 p
X Me s X Me s X Me s
Proper dietary habits ~ 3.36 3.33 0.62 3.36 3.50 0.72 3.52 3.67 0.68 0.2413
Preventive behaviors  3.38 3.42 0.61 3.40 3.50 0.79 3.39 3.50 0.70 0.7902
Positive mental attitude 3.38 3.33 0.55 3.31 3.33 0.76 3.47 3.67 0.67 03192
Health practices 3.01 3.00 0.55 2.98 3.00 0.72 3.11 3.17 0.64 0.5165
Overall HBI score 788 77.0 10.5 78.3 80.0 15.3 80.9 84.0 13.0 0.3366
Seniority in profession [years], Kruskal-Wallis test”
<5 5-24 >25 )
X Me s X Me s X Me s
Proper dietary habits ~ 3.37 3.33 0.62 3.33 3.42 0.74 3.45 3.50 0.66 0.4760
Preventive behaviors  3.41 3.50 0.61 3.39 3.50 0.75 3.38 3.50 0.74 0.9903
Positive mental attitude 3.38 3.33 0.59 3.34 3.33 0.67 3.43 3.50 0.70 0.4674
2.99 3.00 0.54 2.97 3.00 0.71 3.10 3.00 0.66 0.4335
788 77.0 11.1 78.1 80.0 14.1 80.1 81.0 13.5 0.5212
Place of residence

Level of health-related
behaviors

Level of health-related
behaviors

Health practices

Overall HBI score

Level of health-related

behaviors Gty Village p

X Me s X Me s
Proper dietary habits 343 350 072 335 333 064 02605
Preventive behaviors 340 350 073 337 342 071 05115
Positive mental attitude  3.44 350 069 332 333 066 0.0581
Health Practices 305 300 067 299 300 061 05933
Overall HBI score 799 80 140 782 780 126 0.1113

Work system (Mann-Whitney test)

Shift work

X Me s X Me s
Proper dietary habits 337 333 065 343 333 079 06767
Preventive behaviors 339 350 072 335 350 0.68 0.6500
Positive mental attitude  3.34 333 068 348 350 0.7 0.18%
Health Practices 299 300 064 311 300 063 0.1198
Overall HBI score 785 790 133 802 790 129 03715

Presence of chronic disease (Mann-Whitney test)

Level of health-related

behaviors Single-shift work p

Level of health-related

behaviors Yes No P

X Me s X Me s
Proper dietary habits ~ 3.55 3.67 071 334 333 0.5 0.0154*
Preventive behaviors 340 350 075 339 350 069 04749
Positive mental attitude 3.41 342 071 336 333  0.66 0.4365
Health Practices 308 300 071 300 300 061 03076
Overall HBI score 806 815 149 785 790 124 0.0775

was a tendency toward a lower a lower proportion of
respondents presenting low levels of health behavior.
A tendency toward a relationship between place of resi-
dence and health behaviors was observed; however, the
result did not reach statistical significance (p=0.0849).
Respondents living in rural areas more often present-
ed a low level of health behavior, while city dwellers
more often declared a high level of health-promoting
behavior. There was also no significant relationship be-
tween the level of health behavior and the work sys-
tem (p=0.4166). A statistically significant association
was noted in the case of chronic disease occurrence
(p=0.0240). Respondents with chronic disease were
more likely to present a high level of health behaviors
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and less likely to present a low level of these behaviors
compared to respondents without chronic diseases (Ta-
ble 5).

Table 5. The influence of selected socio-demographic
factors on the level of health behaviors*

Level of health-related Variables
behaviors Age [years] (p=0.1443) Total (n#)
<30 30-49 >50
Low 66 (50.8%) 56 (43.8%) 20 (32.8%) 142
Average 51(39.2%) 51(39.8%)  31(50.8%) 133
High 13(10.0%)  21(16.4%)  10(16.4%) 44
Total 130 128 61 319
Level of health-related ~ Seniority in profession [years], (p=0.2832) Total
behaviors <5 525 >25
Low 66(51.6%)  37(41.1%)  36(37.9%) 139
Average 49(38.3%) 40 (44.4%)  44(46.3%) 133
High 13(10.2%)  13(14.4%) 15(15.8%) ]
Total 128 90 95 313
Level of health-related Place of residence (p=0.0849) Total
behaviors ity Village
Low 52 (38.5%) 91(48.9%) 143
Average 59 (43.7%) 75 (40.3%) 134
High 24(17.8%) 20(10.8%) 44
Total 135 186 321
Level of health-related Work system (p=0.4166) Total
hehaviors Shift work Single-shift work
Low 117 (45.3%) 27 (42.2%) 144
Average 109 (42.2%) 25(39.1%) 134
High 32(12.4%) 12(18.8%) 44
Total 258 64 322
Level of health-related  Presence of chronic disease (p=0.0240%) Total
behaviors Yes No
Low 27 (36.5%) 116 (47.0%) 143
Average 30 (40.5%) 104 (42.1%) 134
High 17(23.0%) 27(10.9%) 44
Total 74 247 321

* # - n may vary due to missing responses, p — probability
value calculated using the chi-square test of independence

Discussion

The aim of this study was to assess the level of health be-
havior of professionally active nurses. The results ob-
tained indicate that the average level of health behavior
measured by the HBI was 78.9 points, which classifies the
surveyed people in the range of moderate to high level of
health-promoting habits. This result can be interpreted as,
especially in the context of the professional burden char-

acteristic of the nursing profession.”” At the same time,
the structure of the results indicates that the majority of
respondents presented a low or average level of health be-
havior, and only 13.7% reached a high level, which sug-
gests significant space for intervention activities.

A moderate mean level of health-promoting be-
havior may be related to the specific characteristic of
the nursing profession, including a high level of health
knowledge, medical education and daily contact with
patients. According to the World Health Organization
(WHO)', nurses are a key professional group in the
health care system and play an important role in health
promotion. Theoretical and practical knowledge may
promote greater awareness of the importance of pre-
vention; however previous studies showed that health
awareness does not always translate into consistent im-
plementation of health behaviors in everyday life.>»*¢%

The results of this study are similar to the obser-
vations of Kilar et al.,”® who obtained an average HBI
score of 80.52 points. In that study, the family played a
key role in the nurses’ value system, along with health
and professional work, and the level of health behav-
ior was described as average. The authors also pointed
to the im-portance of educational and environmen-
tal factors — higher education correlated with a high-
er level of health-promoting behaviors. The literature
emphasizes that education increases health compe-
tences and promotes rational health decisions.' Sim-
ilar findings have been reported in studies conducted
among Polish nurses, which indicate that health-relat-
ed behaviors are associated not only with sociodemo-
graphic factors but also with psychological traits and
occupational conditions.”

In the study by Trojanowska et al. on a group of pe-
diatric nurses, the HBI score was 80.7 points, a higher
level of health behavior was presented by older respon-
dents and those with higher professional experience,
which is consistent with our results.*

International studies conducted in China, Nepal,
Qatar, Iran and South Korea also indicate that nurses
commonly present low or moderate levels of health-re-
lated behaviors, although the results vary depending on
the measurement tools and cultural context. Howev-
er, comparisons between studies should be interpreted
cautiously due to the use of different measurement tools
and scoring systems.*'

The findings of the present study are consistent with
recent research indicating that nurses generally present
a moderate level of health-related behaviors, although
important deficits remain in specific domains.** More-
over, contemporary studies emphasize that nurses’
health and well-being are closely associated with their
work performance and quality of care, highlighting the
importance of supporting this professional group at
both individual and organizational levels.>”*
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The analysis of socio-demographic factors did not re-
veal any statistically significant relationships between the
level of health behavior and age, length of service or the
work system. However, there was a noticeable upward
trend with age - the percentage of people with low lev-
els of health behavior decreased in older age groups. This
phenomenon may be associated with an increase in health
maturity, a change in life priorities and greater awareness
of the health consequences of incorrect habits.'**

An interesting result is the relationship between the
occurrence of chronic disease and the level of health
behavior. Nurses with chronic diseases showed a sig-
nificantly higher level of proper eating habits and were
more likely to achieve a high level of health behavior.
This can be interpreted as the result of increased mo-
tivation to check health and greater internalization of
medical recommendations. The literature indicates that
the experience of the disease can be a strong stimulus to
lifestyle modification.*®

However, it remains worrying that despite high
health knowledge, only a small percentage of nurses
achieve a high level of health behavior. Numerous stud-
ies emphasize the impact of occupational stress, work
overload, shift work and the risk of burnout on the dete-
rioration of the well-being and quality of life of nursing
staff.>2*?! Previous research also suggests that work-fam-
ily conflict and sleep disturbances may negatively affect
mental health among nursing personnel, further lim-
iting engagement in health-promoting behaviors.** In
turn, participation in preventive programs and effective
coping with occupational stress may support healthier
behaviors among nurses.*

Long-term stress can lead to sleep disorders, re-
duced physical activity and incorrect eating habits.>**
As a consequence, there is a discrepancy between the
role of the nurse as a health promoter and her own
health behavior.”

The results of this study fit into the broader con-
text of research on the well-being and quality of life of
healthcare workers.'*'* According to the approach to
health as a multidimensional construct, encompassing
physical, mental and social components, ' health behav-
iors are important, but are not the only determinant of
well-being. Organizational factors, social support, and
workplace culture can strengthen or weaken individual
health resources.'”'®

In summary, the study indicates that nurses pre-
dominantly present low or moderate levels of health-re-
lated behaviors despite their professional knowledge and
health awareness. The findings suggest a potential role of
occupational and organizational factors in shaping these
behaviors; however, the descriptive nature of the study
does not allow causal interpretation or identification of
independent predictors. These results highlight the im-
portance of targeted workplace health promotion and

further research using multivariate approaches howev-
er, the findings should be interpreted in light of several
limitations of the study. The study is limited by the use
of univariate analyses without controlling for potential
confounding variables. In addition, the use of a conve-
nience sampling method and inclusion of participants
from only two hospitals may limit the representative-
ness of the sample and restrict the generalizability of the
findings to the broader population of nurses.

The data on health behaviors are based solely on re-
spondents’ declarations and have not been otherwise
verified, which may introduce self-report bias. More-
over, the study did not control for psychosocial factors
that may influence health behaviors, such as perceived
stress, social support or other contextual determinants.
Workload was not directly measured, and the study did
not include information on lifestyle behaviors outside
the workplace, which may also have influenced the ob-
served results. In addition, other potentially relevant
factors, such as quality of life, were not assessed. Anoth-
er limitation is that effect sizes and confidence intervals
were not reported, which may limit the interpretation
of the magnitude and precision of the observed asso-
ciations.

Despite these limitations, the results provide valu-
able insights into the level of health behavior among
nurses and the demographic and health factors associ-
ated with their health-promoting practices.

Conclusion

Professionally active nurses demonstrate low or average
level of health behaviors. No statistically significant as-
sociations were observed between the level of health-re-
lated behaviors and age, professional experience, and
work system. A tendency toward an association between
place of residence and health-related behaviors was ob-
served. Nurses with chronic disease was associated with
healthier eating habits and a higher overall Health Be-
havior Index score. These findings highlight the need for
targeted health promotion initiatives aimed at nurses,
including both educational and organizational interven-
tions to supporting healthy lifestyles and well-being.
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ABSTRACT

Introduction and aim. End-stage renal disease (ESRD) is associated with oxidative stress (OS) and hormonal disturbances linked
to anemia, secondary hyperparathyroidism (SHPT), and intradialytic hypotension (IDH). This study evaluated the expression of
a-klotho (a-KL) and hypoxia-inducible factor-2a (HIF-2a) together with OS markers in hemodialysis (HD) patients and explored
their interrelationships and associations with anemia, SHPT, and IDH.

Material and methods. Fifty HD patients and 50 healthy controls were evaluated for clinical and biochemical parameters,
malondialdehyde (MDA), catalase (CAT) activity, and a-KL and HIF-2a expression. Correlation and network analyses were used
to evaluate molecular interactions.

Results. Anemia, SHPT, and IDH were identified in 72%, 44%, and 18% of HD patients, respectively. Compared with controls, HD
patients demonstrated significantly higher MDA levels and lower a-KL and HIF-2a expression, and CAT activity (all p<0.001).
MDA positively correlated with parathyroid hormone (PTH) (r=0.26, p<0.01) and IDH (r=0.37, p<0.001), but inversely with he-
moglobin (Hb) (r=—0.24, p<0.02) and CAT activity (r=—0.36, p<0.001). Lower a-KL and HIF-2a expression levels, together with
reduced CAT activity, correlated positively with Hb (r=0.27-0.71) and inversely with PTH (r=—0.27 t0o—0.62) and IDH (r=—0.40
t0—0.92) (all p<0.01). Positive intercorrelations were additionally found among a-KL, HIF-2a, and CAT (r=0.21-0.38, all p<0.05).
Conclusion. Reduced a-KL and HIF-2a expression together with altered OS markers were associated with anemia, SHPT, and
IDH in HD patients. The close interrelationships observed among a-KL, HIF-2a, and OS markers may reflect an integrated mo-
lecular pattern linked to dialysis-related complications. Additional prospective studies are warranted to further elucidate these
relationships.
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Introduction

End-stage renal disease (ESRD) represents the terminal
stage of chronic kidney disease (CKD) and is associated
with a substantial clinical and healthcare burden world-
wide. Hemodialysis (HD) remains the most widely used
form of renal replacement therapy (RRT).! In Egypt, the
prevalence of ESRD patients receiving HD was report-
ed as 442 per million population in Sharkia Governor-
ate in 2017.2

Patients with ESRD undergoing dialysis frequent-
ly develop a broad spectrum of complications, such as
anemia, altered mineral balance, cardiovascular insta-
bility, and intradialytic hypotension (IDH), which col-
lectively may worsen clinical status and impair quality
of life.>* Anemia in ESRD is multifactorial, involving
impaired erythropoietin (EPO) production, disrupt-
ed oxygen-sensing mechanisms, inflammation, altered
iron handling, and the effects of uremia.’ IDH is anoth-
er important complication during HD and has been as-
sociated with impaired organ perfusion and increased
cardiovascular risk.®

Growing evidence suggests that oxidative stress
(OS) is closely linked to the development and progres-
sion of many ESRD-related complications. Excessive ox-
idative activity may contribute to cellular dysfunction,
vascular injury, and chronic inflammation, particular-
ly in patients undergoing HD.”® Catalase (CAT) is a key
component of the antioxidant defense system,’ whereas
malondialdehyde (MDA) is a widely recognized indica-
tor of lipid peroxidation and oxidative damage.'

The a-klotho (a-KL) protein is involved in mineral
metabolism regulation and exerts cytoprotective effects
within the kidney and other tissues."’ Hypoxia-induc-
ible factor-2a (HIF-2a) plays an essential role in oxy-
gen sensing and erythropoietic regulation.'” Increasing
evidence suggests that alterations in a-KL, HIF-2aq,
and oxidative stress pathways may contribute to sever-
al complications encountered in HD patients. However,
these factors are often investigated separately, and their
interrelationships in the context of anemia, secondary
hyperparathyroidism (SHPT), and IDH remain insuffi-
ciently characterized. Clarifying these associations may
provide a broader understanding of the biological pro-
cesses accompanying ESRD and HD-related complica-
tions.

Aim

This study was undertaken to evaluate a-KL and HIF-
2a gene expression and oxidative stress status in ESRD
patients undergoing HD. It further investigated the as-
sociations between these molecular markers and ma-
jor HD-related complications, including anemia, SHPT,
and IDH. In addition, a correlation network was con-
structed to explore the interrelationships among a-KL,
HIF-2a, and oxidative stress markers.

Material and methods

Study design and participants

A case—control design was applied involving 50 Egyp-
tian patients with ESRD undergoing maintenance HD
and 50 apparently healthy individuals who served as
controls for biomarker and gene expression analy-
ses. Patients were enrolled from the Nephrology De-
partment, Faculty of Medicine, Suez Canal University
Hospital, Ismailia. Biochemical and molecular investi-
gations were carried out at the Medical Biochemistry
and Molecular Biology Department, Oncology Diag-
nostic Unit, and Clinical Pathology Department, Facul-
ty of Medicine, Suez Canal University, Ismailia, Egypt.

Patients were considered eligible if they had under-
gone regular HD sessions three times weekly for at least
three months. Control participants were matched for
age and sex, exhibited normal renal function based on
serum creatinine and urea measurements, and had no
evidence of chronic systemic illness.

Ethical approval was granted by the Institutional
Ethics Committee of Suez Canal University (Approval
No. 4724). Written informed consent was secured from
all participants prior to study inclusion.

Hemodialysis treatment characteristics

All patients underwent maintenance hemodialysis three
times weekly for at least three months, with a four-hour du-
ration per session. Ultrafiltration volume and interdialytic
weight gain were documented. Standard management pro-
tocols for anemia and CKD-MBD were applied according
to institutional protocols and Kidney Disease Improving
Global Outcomes (KDIGO) recommendations.'*'* SHPT
was assessed primarily according to parathyroid hormone
(PTH) concentrations. Additional biochemical markers
associated with bone and mineral metabolism, including
calcium (Ca?), phosphorus (P), and alkaline phosphatase
(ALP) were also evaluated to provide indirect evidence of
bone-related abnormalities. Direct evaluation of bone pa-
thology, such as imaging studies or bone mineral density
assessment, was not included.

For the purpose of this study, anemia was defined as
hemoglobin (Hb) <110 g/L according to KDIGO guide-
lines.”” IDH was identified by a reduction in systolic
blood pressure of >20 mmHg or a decline in mean arte-
rial pressure of 210 mmHg during dialysis together with
clinical symptoms or the need for therapeutic interven-
tion, according to National Kidney Foundation Kidney
Disease Outcomes Quality Initiative (KDOQI) crite-
ria.'s SHPT was defined as intact PTH levels exceeding
61.7 pmol/L, corresponding to >9-fold above the upper
reference limit. KDIGO guidelines recommend main-
taining PTH concentrations within approximately 2-9
times the upper normal range in stage 5 CKD patients;
therefore, values beyond this range were considered in-
dicative of SHPT in the present analysis."* Interdialytic
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weight gain (IDWG) was determined from the differ-
ence between post-dialysis body weight and pre-dialysis
body weight at the subsequent dialysis session.

Blood samples collection and laboratory investigation

Peripheral venous blood samples (9 mL) were obtained
from all participants. In HD patients, sample collection
was performed immediately before dialysis initiation.

Samples were processed as follows:

- Serum samples: 5 mL Blood was collected into plain
vacutainer tubes, maintained at room temperature
until clot formation, then centrifuged at 3,000 rpm
for 10 minutes. Serum was subsequently separated
into two aliquots:

o One aliquot was utilized for biochemical in-
vestigations, including measurement of serum
creatinine, urea, sodium (Na*), potassium (K*),
Ca*, P, ALP, iron, and ferritin using the Cobas
¢ 6000 autoanalyzer (Roche Diagnostics, Man-
nheim, Germany). Serum PTH concentrations
were determined by chemiluminescent immu-
noassay using the Access 2 Immunoassay Sys-
tem (Beckman Coulter, Brea, CA, USA).

o The second aliquot was stored at —20°C for sub-
sequent assessment of MDA and CAT.

- EDTA samples (4 mL): Divided into two portions:
o 2 mL was used for complete blood count (CBC)

using a 5-part differential hematology analyzer
(Siemens AG, Erlangen, Germany).

o The remaining 2 mL was used for molecular
analysis to assess mRNA expression of a-KL
and HIF-2a.

Oxidative stress assessment

MDA represents an indicator of lipid peroxidation and
membrane oxidative injury, reflecting enhanced oxi-
dative stress and reactive oxygen species generation in
CKD."” CAT functions as an antioxidant enzyme re-
sponsible for converting hydrogen peroxide into water
and oxygen. Simultaneous evaluation of MDA and CAT
activity provides an integrated overview of oxidative in-
jury and antioxidant defense status.

Serum levels of both markers were analyzed using a
UV-VIS spectrophotometer (Unico S2100 Series, Wix-
om, MI, USA). Quantification of MDA levels and CAT
activity was performed using commercially available
Bio-diagnostic assay kits (Giza, Egypt) according to the
manufacturer’s recommendations and previously pub-

18,19

lished methodologies.

Gene expression analysis

RNA extraction was performed from EDTA-treated blood
samples using the QIAamp RNA Blood Mini Kit (Qiagen,
Germany) in accordance with the manufacturer’s proto-
col. RNA quantity and purity were evaluated using a Nano

Drop ND-1000 spectrophotometer V3.1.0 (Nano Drop
Technologies Inc., Wilmington, DE, USA) through assess-
ment of A260/A280 and A260/A230 absorbance ratios.
Samples demonstrating A260/A280 ratios between 1.8 and
2.1 were considered acceptable for downstream analysis.

Equivalent quantities of RNA were reverse tran-
scribed into cDNA using the High-Capacity cDNA Re-
verse Transcription Kit (Invitrogen, USA) on a Biometra
T Advanced thermocycler (Analytik Jena AG, Jena, Ger-
many) according to the supplied protocol.

Quantitative real-time PCR (qQRT-PCR) amplification
was conducted using SYBR Green chemistry and Maxi-
ma SYBR Green qPCR Master Mix (Thermofisher Scien-
tific, USA, cat. no. K0251) following the manufacturer’s
recommendations. Thermal cycling conditions are sum-
marized in Supplementary Table S1. Amplification re-
actions were performed using the StepOne™ Real-Time
PCR System (Applied Biosystems, USA) for quantifi-
cation of a-KL and HIF-2a expression levels. GAPDH
served as the endogenous reference gene, and all sam-
ples were analyzed in duplicate. Melting curve analysis
was used to confirm amplification specificity and exclude
nonspecific amplification or primer-dimer artifacts. Cy-
cle threshold (Ct) obtained using a uniform fluorescence
threshold applied across all experimental runs.

Gene-specific primers (Willowfort, UK) were de-
signed and validated using multiple bioinformatics tools
to ensure specificity and efficiency. The nucleotide se-
quences of all primers used in the present analysis are
summarized in Supplementary Table S2. The follow-
ing platforms were used: Integrated DNA Technologies
(IDT) Custom Primer Design,” NCBI Primer-BLAST,*
Sequence Manipulation Suite: PCR Primer Stats,? In sil-
ico PCR amplification® and UCSC In silico PCR.*

Relative quantification of gene expression was de-
termined using the 272*°T method.??” Experimental
procedures complied with the Minimum Information
for Publication of Quantitative Real-Time PCR Experi-
ments (MIQE) guidelines.?

Statistical analysis
All statistical evaluations were carried out using SPSS
software version 25 (IBM Corp., Armonk, NY, USA).
Data normality was examined with the Shapiro-Wilk
test, and continuous data were summarized as mean+SD
(SD). Group comparisons were conducted using the in-
dependent samples t-test or Mann-Whitney U test ac-
cording to variable distribution characteristics.
Relationships between variables were examined us-
ing Spearman’s rank correlation analysis, whereas Pear-
son correlation was applied exclusively for graphical
network visualization. Multivariate logistic regression
models were constructed to determine independent pre-
dictors of anemia and hyperparathyroidism. Predictor se-
lection was based on biological relevance together with
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significant associations observed in univariate analyses.
To minimize the possibility of overfitting considering the
relatively limited sample size, the number of predictors
entered into each model was restricted. Findings are pre-
sented as ORs with 95% CIs. Statistical significance was
considered at a two-sided p-value <0.05.

Results

Demographic and clinical characteristics of the study
population

The study cohort comprised 50 HD patients and 50
healthy controls with generally comparable baseline
characteristics. No statistically significant differences
were identified between the groups regarding age, sex
distribution, or body weight (Table 1).

ESRD (30%), followed by diabetes mellitus and system-
ic lupus erythematosus (6% each), while the underlying
etiology remained unidentified in 58% of cases. Anemia
was the most frequent clinical complication (72%), fol-
lowed by SHPT (44%) and IDH (18%) (Table 2).

Hematological and biochemical profiles of the study
groups

HD patients demonstrated significantly lower Hb, serum
Ca®, and Na* levels than controls. Conversely, serum iron,
ferritin, P, PTH, ALDP, creatinine, urea, and K* concentra-
tions were significantly elevated in the HD group (Table 3).

Table 3. Hematological and biochemical findings in HD
patients and healthy controls *

Parameter (mean=+SD) Control (n=50) Patients (n=50) p
Table 1. Baseline demographic profile of the HD and Hematological parameters
control groups* Hb (g/L) 130.2+13.4 97+16.3 <0.007%**
Parameter HD patients (n=50) Controls (n=50) p MCV (L) 88.91+5.02 84.97+7.3 0.002**
Age (years), mean=SD 35.1+17.8 347+16.9 0.71 MCH (pg) 29.99+1.84 27.86+3.16 <0.0071***
Male, n (%) 25 (50%) 24 (48%) 0.84 Iron status
Female, n (%) 25 (50%) 26 (52%) 084 Iron (umol/L) 7.20+0.37 10.41+3.02 <0.007***
Weight (kg), mean-£SD 55.5+17.1 56.9+15.8 0.63 Fenitin (ug/L) 58.92422.27 445.8+481.84  <0.001***
*Values are expressed as mean=SD or number (%). Group 2 Wineral metabolism
. . . " (mmol/L) 2.29+0.14 2.01+0.24 <0.007%**
comparisons were conducted using the independent Py— 1112019 1512041 <0007
samples t-test for continuous data and the chi-square test PTH (pmal/l) 3582096 6382503 <0007
for categorical variables, SD - standard deviation, HD — ALP (UIL) 80242336 30075431679 <0.001%%
hemodialysis Renal function
Creatinine (umol/L) 89.3+14.1 925.4+235.1 <0.007***
Table 2. Clinical characteristics, causes of ESRD and HD- Urea (mmol/L) 2.22+0.69 19.25+6.69 <0.007%**
related complications among HD patients* Electrolytes
Parameter HD patients (n=50) Na* (mmol/L) 137.86+3.04 134.6743.02 <0.001%**
Duration of HD (years), mean+SD 8.5+5.97 K* (mmol/L) 4.03+0.48 5.18+0.87 <0.007***
IDWG (kg), mean+SD 2.05+0.73 * Results are presented as mean=SD. Statistical
HCV +ve (%) 2% comparisons were performed using the independent
Patients’co-morbidities causing ESRD samples t-test or Mann-Whitney U test according to data
HIN (%) 30% distribution., SD - standard deviation, Hb — hemoglobin,
DM () 6% MCV - mean corpuscular volume, MCH - mean corpuscular
SLE (%) &% hemoglobin, PTH - parathyroid hormone, ALP - alkaline
Unknown cause (%) o8 phosphatase, Na* - sodium, K* — potassium, Ca* - calcium
ESRD and HD-related complications ! ! ! !
Anemia (%) 7% P - phosphorus
Hyperparathyroidism (%) 44%
IDH (%) 18% Gene expression and oxidative status

* Data are expressed as mean=SD or percentage (%),

HD - hemodialysis, ESRD — end-stage renal disease, IDWG
- interdialytic weight gain, HCV - hepatitis C virus, HTN

- hypertension, DM - diabetes mellitus, SLE - systemic
lupus erythematosus, IDH - intradialytic hypotension, SD -
standard deviation, +ve - positive

Among HD patients, the mean HD duration was
8.5+5.97 years, whereas the mean IDWG was 2.05+0.73
kg. HCV seropositivity was detected in 28% of patients.
Hypertension represented the leading identified cause of

HD patients exhibited significantly lower expression
levels of a-KL, HIF-2a, and CAT activity compared with
controls (all p < 0.001). In contrast, MDA concentra-
tions were significantly increased in the patient group
(p < 0.001) (Fig. 1).

Associations between biomarkers and clinical parame-
ters (Hb, PTH, and IDH)

Hb levels showed inverse associations with P, ALP, PTH,
creatinine, urea, MDA, HD duration, IDWG, and IDH,
whereas positive associations were observed with iron,
ferritin, CAT, a-KL, and HIF-2a.
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An opposite trend was observed for PTH, which

demonstrated negative correlations with Hb, Ca*, CAT,
a-KL, and HIF-2q, while positive correlations were not-
ed with P, ALP, creatinine, urea, MDA, HD duration,
IDWG, IDH, iron, and ferritin.

Fig. 1. Gene expression of a-KL and HIF-2a, and oxidative
status in patients versus controls, A: Plasma MDA (umol/L),
B: CAT activity (kat/L), C: Relative mRNA expression

of a-KL and HIF-2a in peripheral blood samples, bars
represent mean=SD for control and patient groups,

Group differences were evaluated using the independent
samples t-test or Mann-Whitney U test, as appropriate,

**¥* _ p<0.001 indicates statistical significance, MDA -
malondialdehyde, CAT - catalase, a-KL — a-Klotho, HIF-2a
— hypoxia-inducible factor-2 alpha

Fig. 2. Correlations between oxidative stress markers, gene
expression parameters, and clinical outcomes, grouped bar
chart showing correlation coefficients between MDA, CAT,
mMRNA a-KL expression, and mRNA HIF-2a expression with
Hb, PTH, and IDH, positive and negative correlation values
are shown on the y-axis, distinct colors represent different
biomarkers, Correlations were analyzed using Spearman’s
rank correlation test, * — statistically significant correlations
(p<0.05), MDA - malondialdehyde, CAT - catalase, a-KL

- a-Klotho, HIF-2a - hypoxia-inducible factor-2 alpha,

Hb — hemoglobin, PTH - parathyroid hormone, IDH -
intradialytic hypotension

Likewise, IDH was associated with lower Hb, Ca**,
Na*, CAT, a-KL, and HIF-2a levels, whereas higher P,
ALP, PTH, K¢, creatinine, urea, MDA, dialysis duration,

and IDWG values were observed in affected patients
(Figure 2, Table 4, Supplementary Table S3).

Table 4. Correlations of MDA, CAT, a-KL, and HIF-2a with
clinical and biochemical parameters*

mRNA a-KL  mRNA HIF-2a

Variable MDA CAT X X
expression  expression
" Correlation -0.24 0.71 0.27 0.35
p 0.016 <0.001 0.007 <0.001
correlation 0.078 -0.472 -0.209 -0.133
Ferritin
p 0.442 <0.001 0.037 0.187
Correlation  -0.11 0.56 0.29 0.22
(al+
p 0.298 <0.001 0.004 0.031
b Correlation 0.26 -0.52 -0.25 -0.11
p 0.01 <0.001 0.014 0.296
Correlation 0.26 -0.62 -0.27 -0.3
PTH
p 0.01 <0.001 0.006 0.002
AP Correlation 0.14 -0.43 -0.19 -0.23
p 0.162 <0.001 0.061 0.021
Correlation 0.4 -0.89 -0.4 -0.41
Creatinine
P <0.001 <0.001 <0.001 <0.001
Correlation 1 -0.36 -0.15 -0.19
MDA
P <0.001 0.148 0.063
Correlation -0.36 1 0.38 0.38
CAT
p <0.001 <0.001 <0.001
mRNAg-kL  Correlation  -0.15 0.38 1 0.21
expression p 0148 <0.001 0.032
MRNAHIF-2¢  Correlation -0.19 0.38 0.21 1
expression p 0063  <0.001 0.032
oH Correlation 0.373 -0.916 -0.402 -0.436
p <0.001  <0.001 <0.001 <0.001

* Correlations involving MDA (umol/L), CAT (kat/L), mRNA
a-KL expression, and mRNA HIF-2a expression with
clinical and biochemical parameters, Spearman’s rank
correlation analysis was applied to examine relationships
between variables, and the results are expressed as
correlation coefficients (r) and corresponding p-values,
Hb - hemoglobin, Ca?*- calcium, P - phosphorus, PTH -
parathyroid hormone, ALP - alkaline phosphatase, MDA

- malondialdehyde, CAT - catalase, a-KL - Klotho, HIF-2a -
hypoxia-inducible factor, IDH - intradialytic hypotension

Correlation analysis

Oxidative stress markers demonstrated significant re-
lationships with several clinical and biochemical pa-
rameters. MDA showed positive correlations with PTH
(r=0.26, p=0.01), creatinine, HD duration, and IDH
(r=0.37, p<0.001), while inverse correlations were ob-
served with Hb (r=-0.24, p=0.016) and CAT (r=-0.36,
p<0.001). CAT was positively associated with Hb
(r=0.71, p<0.001), a-KL, and HIF-2a expression (r=0.38,
p<0.001 for both), whereas negative associations were
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identified with PTH (r=-0.62, p<0.001), MDA, HD du-
ration, and IDH (r=-0.916, p<0.001).

HIF-2a expression demonstrated positive correla-
tions with Hb (r=0.35, p<0.001), Ca*, CAT, and a-KL
expression, while inverse correlations were observed
with PTH (r=-0.3, p=0.002), creatinine, HD duration,
IDH (r=-0.44, p<0.001), and IDWG. Similarly, a-KL
expression was positively associated with Hb (r=0.27,
p=0.007), CAT (r=0.38, p<0.001), and HIF-2a, where-
as negative correlations were identified with P, PTH
(r=-0.27, p=0.006), creatinine, HD duration, IDH
(r=-0.4, p<0.001), and IDWG. Detailed correlation co-
efficients and significance values are presented in Figure
2, Table 4 and Supplementary Table S3.

Correlation network

To further explore the relationships among OS and gene
expression markers, a graphical correlation network was
constructed (Figure 3). a-KL, HIF-2qa, and CAT formed
a closely related cluster, whereas MDA demonstrated in-
verse relationships with CAT and HIF-2a. In addition,
a-KL and HIF-2a exhibited a positive correlation pat-
tern, suggesting potential interrelated regulatory mech-
anisms within oxidative stress pathways. These findings
were generally consistent with the correlation matrix
presented in Table 4 and Supplementary Table S3.

Fig. 3. Correlation network of study variables, graphical
representation of the correlations among MDA, CAT,
mMRNA a-KL, and mRNA HIF-2a, Pearson correlation
coefficients were used for network visualization, Line
colors indicate correlation direction (blue, positive
correlation; red, negative correlation), while edge thickness
reflects correlation strength (|r|), numbers indicate
correlation coefficients, and statistical significance is
indicated by asterisks (¥ — p<0.05, *** - p<0.001), MDA -
malondialdehyde, CAT - catalase, a-KL - a-Klotho, HIF-2a
— hypoxia-inducible factor-2 alpha

Multivariate logistic regression analysis identified
reduced a-KL, HIF-2a, and CAT levels as indepen-
dent predictors of anemia. In addition, SHPT was in-
dependently associated with lower a-KL, HIF-2a, and
CAT levels, together with higher MDA concentrations
(Supplementary Table S4).

Discussion

ESRD patients undergoing HD commonly present with
anemia, SHPT, and IDH, accompanied by disturbanc-
es in oxidative and hormonal homeostasis. In the pres-
ent study, anemia was identified in 72% of patients,
SHPT in 44%, and IDH in 18%, findings that are gen-
erally consistent with previous reports among HD pop-
ulations.”*' These observations confirm the persistent
burden of these complications in ESRD and provide the
clinical context for interpreting the molecular and oxi-
dative alterations observed in this study.

a-Klotho in ESRD: correlations and clinical significance
a-KL mRNA expression was markedly reduced in HD
patients, consistent with previous reports demonstrat-
ing progressive KL downregulation across CKD stages.”
a-KL showed positive correlations with Hb, Ca**, Na*,
CAT, and HIF-2a, and negative correlations with iron,
ferritin, P, PTH, ALP, K*, creatinine, urea, HD duration,
IDH, and IDWG.

These associations are consistent with the estab-
lished role of a-KL in mineral metabolism and its re-
lationship with erythropoiesis-related pathways. The
inverse correlations with phosphorus and PTH agree
with its recognized involvement in phosphate homeo-
stasis and regulation of mineral balance.**** The ob-
served associations of a-KL with Na* and K* are also
consistent with previous reports suggesting links be-
tween a-KL expression and pathways involved in elec-
trolyte regulation.***

Furthermore, the inverse relationship with IDH
is in line with reports associating reduced a-KL lev-
els with vascular dysfunction and impaired cardiovas-
cular health.”” The positive association with CAT also
supports a link between a-KL and antioxidant defense
mechanisms.*® Collectively, these findings suggest that
reduced a-KL expression is associated with disturbanc-
es in mineral metabolism, oxidative balance, and dial-
ysis-related complications and may represent part of
a broader network involving HIF-2a and OS markers.

HIF-2« and its role in erythropoiesis and mineral dis-
orders

HIF-2a expression was significantly reduced in HD pa-
tients and showed positive correlations with Hb, Ca**,
Na*, CAT, and a-KL, while negative correlations were
observed with PTH, ALP, K*, creatinine, urea, dialysis
duration, IDH, and IDWG.
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The positive association between HIF-2a and Hb is con-
sistent with its established role in hypoxia-responsive
erythropoiesis and iron utilization." Its correlation with
a-KL is consistent with experimental findings suggest-
ing a link between a-KL and HIF-2a pathways.*® Associ-
ations with electrolyte parameters and IDH may reflect
links with adaptive responses to metabolic and hemo-
dynamic stress, although the underlying mechanisms
remain incompletely understood. In addition, previ-
ous studies have implicated HIF-2a in bone remodeling
processes, which may explain its association with mark-
ers of mineral metabolism.*

Overall, the observed associations support a po-
tential link between HIF-2a, a-KL, and oxidative stress
pathways in ESRD, highlighting their possible involve-
ment in oxygen sensing, redox balance, and mineral
metabolism.

Therapeutic perspective: hypoxia-inducible factor-pro-
Iyl hydroxylase inhibitors (HIF-PHIs)

HIF-PHIs have emerged as a promising therapeu-
tic option for renal anemia through activation of HIF
signaling, stimulation of endogenous erythropoietin
production, and improvement of iron utilization. Their
potential effects on inflammation and oxidative stress
remain under investigation.*

Oxidative stress: antioxidant defense

A marked oxidative imbalance was evident in HD pa-
tients. CAT activity was significantly reduced, whereas
MDA levels were significantly elevated. CAT was posi-
tively correlated with Hb, Ca**, Na*, a-KL, and HIF-2a
and negatively correlated with several markers of dis-
ease burden. In contrast, MDA showed the opposite pat-
tern of associations.

These findings indicate a close association between
OS, anemia, mineral metabolism abnormalities, and
hemodynamic instability. The inverse relationship be-
tween CAT and MDA reflects impaired antioxidant
defense and increased oxidative burden in ESRD, con-
sistent with previous reports.*

Inflammation and OS interplay
The observed increase in MDA together with reduced
CAT activity may also reflect an underlying pro-in-
flammatory state. Inflammation and OS are closely in-
terconnected and have been implicated in impaired
erythropoiesis and CKD progression.*>** Although in-
flammatory markers were not directly measured, the ob-
served biochemical profile is compatible with enhanced
inflammatory activity. Reduced a-KL expression has also
been associated with increased inflammatory signaling.*
Previous studies have demonstrated a bidirectional
interaction between OS and inflammation during CKD
progression.*>*454 Experimental evidence showing at-

tenuation of oxidative injury and inflammation following
KL supplementation further supports the biological rele-
vance of the associations observed in the present study.”’

Applicability to peritoneal dialysis (PD)

Although the present study focused on HD patients,
some of the observed molecular associations may also
be relevant in PD. However, differences between dialysis
modalities may influence these relationships, and direct
evaluation in PD populations is required.***

Opverall, a key finding of this study was the concur-
rent reduction of a-KL, HIF-2q, and antioxidant activity
together with increased OS, accompanied by significant
interrelationships among these markers. The observed
associations suggest the involvement of interconnected
pathways related to oxidative balance, erythropoiesis,
mineral metabolism, and dialysis-related complications
in ESRD. However, given the cross-sectional design,
these findings should be interpreted as associations
rather than evidence of causality, and further longitu-
dinal studies are required to clarify the nature of these
interactions.

Study limitations

This study is limited by its cross-sectional design, sin-
gle-center recruitment, and relatively modest sample
size. In addition, a-KL and HIF-2a were evaluated at the
mRNA level, while inflammatory and treatment-related
variables were not specifically analyzed. Nevertheless,
the findings provide novel insights into the associations
among a-KL, HIF-2a, OS markers, and HD-related
complications. Further studies are warranted to validate
these observations

Conclusion

This study identified significant associations among
a-KL, HIF-2a, and OS markers in ESRD patients under-
going HD. Reduced a-KL and HIF-2a expression, to-
gether with decreased CAT activity and elevated MDA
levels, were associated with anemia, SHPT, and IDH.
The observed interrelationships among these biomark-
ers highlight potential links between oxidative balance,
erythropoiesis, mineral metabolism, and dialysis-relat-
ed complications. Further large-scale prospective stud-
ies are needed to confirm these associations and clarify
their clinical significance.
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Vitamin C mitigates oxidative stress and preserves platelet efficacy
during prolonged storage - an in vitro study
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ABSTRACT

Introduction and aim. Platelets stored at 22-24°C beyond 3-5 days undergo oxidative changes leading to storage lesions (PSL).
Platelet additive solutions (PAS) improve platelet shelf-life, and antioxidant additives in PAS can mitigate PSL. This in vitro study
evaluated the impact of Vitamin C (VC), a potent free radical scavenger, as an antioxidant additive in PAS-SSP+ on the redox
status and functional integrity of rat platelets during prolonged storage.

Material and methods. Platelets from male Wistar rats (n=>5) were grouped into controls (SSP+) and 10-VC (10mM VC in SSP+)
and stored at 22-24°C for 11 days. Markers of antioxidant and oxidative status, platelet function and metabolism were investi-
gatedondays 1,4,7 and 11.

Results. Superoxide radicals, thiobarbituric acid reactive substances, and advanced oxidation protein products were signifi-
cantly lower in 10-VC than controls. Superoxide dismutase and catalase were maintained whereas, glutathione was higher by
27% (p<0.01) and protein sulfhydryls by 65% (p<0.01) on day 7 than controls. Total antioxidant capacity was significantly higher
than controls throughout storage in 10-VC. P-selectin lowered by 58% (p<0.001) on day 7 than controls while aggregation and
cell viability were preserved in 10-VC.

Conclusion. 10-VC reduced oxidative stress by scavenging reactive species, inhibiting lipid and protein oxidation, augmenting
antioxidant capacity, and preserving platelet functions and viability. Thus, VC in SSP+ maintained redox status and improved
platelet efficacy, highlighting its potential as an additive in PAS ‘for preserving platelet integrity during prolonged storage.
Keywords. antioxidants, blood platelets, oxidative stress, platelet banking, vitamin C

Introduction suppressing endogenous antioxidant defenses.” OS pro-

Platelet transfusion is vital for treating thrombocytope-
nia. The development of platelet storage lesions (PSL) in
plasma at 22-24°C limits platelet shelf-life to 3-5 days
thereby, rendering them unfit for transfusion."* Replace-
ment of plasma with platelet additive solutions (PAS)
such as SSP+ have been proven to mitigate PSL and pro-
long shelf-life for up to 9 days.>*

Platelet metabolism generates reactive oxygen
species (ROS) leading to oxidative stress (OS) and

motes platelet activation, lipid and protein oxidation
thereby, reducing platelet efficacy during storage.® It
also contributes to shedding of platelet receptors such
as glycoprotein VI (GPVI) affecting platelet adhesion to
collagen while altered integrin function caused by OS,
impairs platelet aggregation.” " Studies have proven that
antioxidant additives have mitigated OS and enhanced
the quality of stored platelets.’>*® Antioxidants/ROS
scavengers have the potential to preserve platelet func-
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tions such as GPVI-mediated adhesion and platelet re-
sponse to agonists during storage.”>* These studies have
predominantly focused on the effects of antioxidants on
metabolic stability, functional integrity, mitochondrial
damage and apoptosis rather than maintaining redox
homeostasis during platelet storage. Our previous stud-
ies have reported oxidative modulations occurring in
platelets stored in PAS with antioxidant additives such
as N-acetyl cysteine and caffeic acid.?*

Vitamin C (VC) is a potent ROS scavenger which in-
hibits lipid peroxidation and regenerates vitamin E and
glutathione.”>?* VC is known to inhibit ROS-mediated
platelet activation by specifically inhibiting CD40L li-
gand on platelets without affecting agonist-induced ag-
gregation.” Mohammed et al. studied the impact of VC
on functions of saline-stored platelets.”” However, the in-
fluence of VC on oxidative modulations in stored plate-
lets remains unclear. Continuous variations in platelet
efficacy have not been studied in terms of redox sta-
tus and antioxidant capacity to mitigate PSL at differ-
ent time periods during storage. Previous studies have
not assessed VC as an additive in SSP+ with continuous
evaluation of redox status and platelet functions during
extended storage. Thus, this study investigates the influ-
ence of VC on the continuous oxidative modulations and
platelet efficacy during extended storage in PAS, SSP+.
This is the first report on the responses of platelets to VC
as an additive in SSP+ during extended storage period.

Wistar rats were studied as an exploratory model
to gain insights into the platelet responses. Rat and hu-
man platelets share similar physiology although minor
variations in receptor distribution may influence func-
tional responses.

Aim

This study aimed to continuously monitor the progression
of PSL, with the primary objective of evaluating the effects
of VC on oxidative stress and redox status during extend-
ed storage, and the secondary objective of assessing its in-
fluence on platelet function, viability and metabolic status.
To the best of authors’ knowledge, this is the first in vitro
study to evaluate VC as an additive in SSP+ for stored rat
platelets during an extended storage period with continu-
ous assessment of redox and functional parameters.

Material and methods

All experimental procedures were conducted in compli-
ance with the guidelines of the Committee for Control
and Supervision of Experiments on Animals (CCSEA)
provided by the Institutional Animal Ethics Commit-
tee (IAEC), New Delhi, India. Whole blood samples
were collected by cardiac puncture method under an-
esthesia in accordance with the approved animal care
protocols of CCSEA. Animals were procured from Ver-
tebrates (2138/PO/RcBiBt/S/21/CPCSEA) dated 1 Au-

gust 2024. Blood sampling was performed at Nargund
College of Pharmacy according to the institutional eth-
ics regulations (1051/PO/Re/S/07/CPCSEA).

Chemicals

2'7-dichlorodihydrofluorescein diacetate (DCFH-DA),
cytochrome c¢, thiobarbituric acid and adenine tri-
phosphate (ATP) standard were purchased from Sis-
co Research Laboratories Pvt Ltd, India. Epinephrine,
5,5-dithiobis-2-nitrobenzoic acid (DTNB), bathocupr-
oinedisulfonic acid disodium salt (BCS), nicotinamide
adenine dinucleotide (NADH), Griess reagent and
collagen were purchased from Sigma Aldrich chemi-
cals, Mumbai, India. 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl tetrazolium bromide reagent (MTT), bovine
serum albumin (BSA) and Vitamin C were purchased
from HiMedia Laboratories Pvt Ltd, Mumbai, India.
All other chemicals and solvents were reagent and
spectral grade, respectively.

Autospan Liquid Gold Glucose kit, Arkray, Mumbai,
India (Catalog no. 93LS100-75), Rat P-selectin GENLI-
SA™ ELISA kit, KRISHGEN Biosystems, Mumbai, India
(Ref: KLR2228), Rat Nicotinamide Adenine Dinucleotide
Phosphate Oxidase 2 (NOX2) GENLISA™ ELISA kit,
KRISHGEN Biosystems, Mumbai, India (Ref: KLR5069).

Blood sampling

Male Wistar rats (4 months old) were anesthetized with
ketamine hydrochloride and approximately 4-5mL of
whole blood was obtained by cardiac puncture and
collected into tubes containing CPDA-1 (citrate phos-
phate dextrose adenine-1) anticoagulant.*

Platelet isolation

Whole blood was subjected to centrifugation at 190g
for 15min at room temperature to obtain platelet-rich
plasma (PRP). The PRP was subsequently centrifuged
at 2500g for 15min at 22°C.*° The platelet pellet ob-
tained was resuspended in SSP+ (pH 7.4) with 30% re-
sidual plasma. Platelet concentrates were prepared by
resuspending the platelet pellet in SSP+ (1:60).

Experimental design

VC was optimized using ROS assay using DCFH-DA
method with different concentrations - 3, 5 and 10mM.
VC at 10mM (10-VC) exhibited maximum inhibition
of ROS (Fig. S1) and was selected for further analysis.
Platelet preparations obtained from individual animals
served as experimental units (n=5 in each group). Plate-
lets were grouped into i) Control: SSP+ without VC and
ii) Experimental: 10-VC in SSP+. The samples were
stored in polypropylene tubes under mild agitation at
22°C for 11 days. Oxidative stress, antioxidant status,
platelet function, viability and metabolism were ana-
lyzed on storage days 1, 4, 7 and 11.
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ROS DCFH-DA assay

A stock solution, 20 mM DCFH-DA, was prepared
in methanol and diluted in Tyrode’s buffer to obtain
a 75 uM working solution. Platelets were incubated at
37°C with 25 uM DCFH-DA for 30 min and the fluo-
rescence was read at 485 nm (excitation) and 520 nm
(emission).?!

Antioxidant status

The antioxidant status of stored platelets was evaluat-
ed by measuring superoxide dismutase (SOD), catalase
(CAT), glutathione (GSH) and total antioxidant capac-
ity (TAC).

SOD activity was determined by monitoring the
inhibition of epinephrine oxidation in carbonate buf-
fer (0.05 M, pH 10.2) containing 0.1 mM ethylene di-
amine tetraacetic acid (EDTA) at 480nm and expressed
as the amount of enzyme required to achieve 50% inhi-
bition of epinephrine oxidation.*

CAT activity was determined by treating the sam-
ples with absolute ethanol followed by incubation in
an ice bath for 30 min and addition of phosphate buf-
fer and 0.066 M hydrogen peroxide (H,0,). The ab-
sorbance was read at 240 nm using a molar extinction
coefficient of 43.6 M'cm™.*

GSH levels were estimated after treating the samples
with 4% sulfosalicylic acid and centrifugation at 2500 g
for 15 min; the resulting supernatant was treated with 10
mM DTNB, and absorbance was recorded at 412 nm.*

TAC was assessed using BCS (0.25 mM), copper
sulphate (0.5 mM) and EDTA (0.01 M). The absor-
bance was read at 490 nm, using uric acid as standard.*

Oxidative stress

Oxidative status was evaluated by measuring super-
oxide and nitrite radicals, thiobarbituric acid reac-
tive substances (TBARS), advanced oxidation protein
products (AOPP) and protein sulthydryls (SH).

Superoxide radicals were determined by monitor-
ing cytochrome C reduction following incubation of
stored platelets with cytochrome C (160 uM) at 37°C,
with absorbance measured at 550 nm.*

Nitrite levels were estimated using Griess reagent
after incubation in the dark at room temperature for
30 min. The absorbance was recorded at 548 nm using
sodium nitrite as the standard.*

Lipid peroxidation was measured by assessing
TBARS by treating platelets with 20% cold trichlo-
roacetic acid in 0.6 M hydrochloric acid, followed by
reaction with 0.12 M thiobarbituric acid. After incuba-
tion in a boiling water bath for 15min, absorbance was
measured at 532 nm.”’

Protein oxidation was evaluated by determining
AOPP and SH levels.

AOPP was estimated by treating the samples with
isotonic phosphate buffer, 1.16 M potassium iodide
and glacial acetic acid. The absorbance was read at
340nm with an extinction coefficient of 26 mM"'cm™.*

SH content was determined using the DTNB meth-
od where platelets were treated with 0.08 M sodium
phosphate buffer containing sodium dodecyl sulphate
(2%) and sodium EDTA (0.5 mg/mL). After addition
of DTNB, the color developed was recorded at 412 nm
and SH content was estimated using a molar extinction
coefficient of 13,600 M'cm™.*

Platelet function

Platelet functions were evaluated by measuring NOX2
levels, P-selectin release (platelet activation), platelet ag-
gregation and ATP secretion.

NOX2 and P-selectin were quantified using sand-
wich-ELISA Kkits specific for rat NOX2 (KRISHGEN
Biosystems; Ref: KLR5069) and rat P-selectin (KRISH-
GEN Biosystems; Ref: KLR2228), respectively follow-
ing the manufacturer’s instructions. The absorbance
was recorded at 450 nm.”

Platelet aggregation was determined by incubating
stored platelets with and without collagen (2 pg/mL) at
37°C, followed by measurement of absorbance at 405
nm in shaking mode for 1.5-2 min.* % aggregation
was calculated according to Tamang et al.*!

ATP secretion was assessed after incubation of
stored platelets with collagen (2 pg/mL) at 37°C, fol-
lowed by treatment with 1.2 M perchloric acid. Absor-
bance was measured at 260 nm and ATP levels were
quantified using an ATP standard.*

Platelet viability

Samples were incubated with MTT reagent (0.5 mg/mL)
for 4 h at 37°C, followed by the addition of dimethyl
sulfoxide and overnight incubation at 37°C. Absorbance
was recorded at 570 nm.*

Protein estimation

Protein was estimated according to Lowry et al. to deter-
mine the protein content of the samples. Stored platelets
were treated with alkaline copper sulphate and Folin’s
reagent. The absorbance was measured at 660 nm.*

Platelet metabolism

Platelet metabolism during storage was evaluated by
measuring pH, levels of extracellular glucose and lactate
dehydrogenase (LDH).

The pH of the samples was assessed using Fisher
Scientific pH indicator strips.*

Extracellular glucose present in the storage medi-
um was quantified by the glucose oxidase-peroxidase
(GOD-POD) method according to the manufacturer’s
instructions provided in the Autospan Gold kit, and
absorbance was read at 546 nm.*
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Fig. 1. Antioxidant status of platelets stored with VC, A: SOD, B: CAT, C: GSH, D: TAC (* - significant with day 1, # — significant
with day 4, $ - significant with day 7, @ - significant in 10-VC against controls)

LDH was determined following incubation of
stored platelets with a reaction mixture containing Re-
agent 1 (80 mM Tris, 200 mM sodium chloride and
1.6 mM pyruvate) and Reagent 2 (0.2 mM NADH) at
37°C. Absorbance was recorded at 340 nm."

Statistical analyses

The data was assessed for normality (Shapiro-Wilk test)
and passed the normality test. Results are presented as
Mean with standard error from five independent biolog-
ical samples (n=>5). GraphPad Prism 8 software was used
to perform two-way ANOVA (repeated-measures) and
Bonferroni post hoc test to evaluate the effects between
the storage days and the experimentals. Differences were
considered statistically significant at p<0.05. Pearson’s
correlation analysis was also performed to determine the
relationships between superoxide radicals and SOD, CAT
and SOD, and GSH and SH. Correlation coefficients (r)
and corresponding p-values were calculated.

Results

Results are presented as i) changes between the stor-
age days and ii) changes between the experimentals on
a particular day of storage.

Antioxidant defenses
SOD
SOD was maintained in 10-VC whereas, it increased
by twofold (p<0.05) and ninefold (p<0.0001) on day 7
and day 11 with respect to day 1 in controls.

SOD was lower by 82% (p<0.0001) on day 11 in 10-
VC compared to controls (Fig. 1A).

CAT

CAT was maintained throughout storage in 10-VC
whereas it increased by fourfold (p<0.0001) on day 11
with day 1 in controls. CAT was lower by 50% (p<0.0001)
on day 11 in 10-VC compared to controls (Fig. 1B).
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GSH
GSH increased in 10-VC by 260% (p<0.0001) on day 7
with respect to day 1 and decreased by 60% (p<0.0001)
on day 11 with day 7. GSH peaked 310% (p<0.0001) on
day 7 with day 1 and decreased by 56% (p<0.0001) on
day 11 with day 7 in controls.

GSH was higher by 27% (p<0.01) on day 7 in 10-VC
compared to controls (Fig. 1C).

TAC

TAC decreased by 73% (p<0.0001) on day 4 with day
1 and decreased by 50% (p<0.0001) on day 7 and day
11 with day 4 in 10-VC whereas, it was maintained in
controls.

TAC was higher by tenfold (p<0.0001) on day 1,
twofold (p<0.0001) on day 4 and onefold (p<0.01) on
days 7 and 11 in 10-VC compared to their respective
controls (Fig. 1D).

Oxidative stress
Superoxide radicals
Superoxide radicals remained constant in 10-VC
whereas it increased by ~ninefold (p<0.0001) on days
7 and 11 in controls.

Superoxide radicals were lower by 47% (p<0.05)
and 83% (p<0.0001) on days 7 and 11 respectively, in
10-VC against controls (Fig. 2A).

Nitrites

Nitrites increased in 10-VC by tenfold (p<0.0001) on
day 7 which decreased by 91% (p<0.0001) on day 11
with day 7. Nitrites increased by twentyfold (p<0.0001)
on day 7 and day 11 in controls. Nitrites were lower by
34% (p<0.05) and 95% (p<0.0001) on days 7 and 11 re-
spectively, in 10-VC against controls (Fig. 2B).



Vitamin C mitigates oxidative stress and preserves platelet efficacy during prolonged storage — an in vitro study 497

TBARS
TBARS was maintained throughout storage in 10-VC
whereas it increased by fourfold (p<0.0001) on day 11
in controls.

TBARS was lower by 74% (p<0.0001) on day 11 in
10-VC against controls (Fig. 2C).

AOPP
AQOPP remained constant in 10-VC whereas controls
exhibited increments of tenfold (p<0.0001) on day 7
and day 11.

AQPP was lower by ~80% (p<0.0001) on days 7 and
11 in 10-VC against controls (Fig. 2D)

SH
SH increased in 10-VC by 435% (p<0.0001) on day 7
and decreased by 38% (p<0.01) on day 11 with day 7.
SH increased by 180% (p<0.01) on day 7 and normal-
ized to day 1 levels on day 11 in controls.

SH was higher by 65% (p<0.01) and 110% (p<0.05)
on days 7 and 11 respectively, in 10-VC against controls
(Fig. 2E).

Platelet function, viability and metabolism

NADPH Oxidase-2 (NOX2)

10-VC exhibited increments of 75% (p<0.001) on day
7 whereas, it increased by 73% (p<0.0001) and 41%
(p<0.05) on days 7 and 11 respectively, in controls.
NOX2 was lower by 25% (p<0.01) on day 7 in 10-VC
against controls (Table 1).

Table 1. Platelet function during storage with VC?

Storage Sub-groups NOX2 P-selectin ATP secretion
days (ng/mL) (pg/mL) (pg/mL)
: Control 35.10£2.37 2528.25+548.44 28760.00+£2337.69
10-VC 25.94+2.93 1214.69+312.89 34553.33+£1359.35
s Control 29.76x2.57 2570.62+754.86 30620.00+£2427.03
10-VC 26.48+1.28 1320.62+604.75 27960.00+£857.54

Control 60.88+2.91*  18008.47+£1986.82**  4153.33+£132.33*
10-VC 4534+1.74%%  7531.78+222.46° 17593.33+2021.40%%
Control 49.56+2.51%  6709.04+1507.28°  4660.00+£316.65*/
10-VC 38.55+2.31 3820.62+908.49  19826.66:£678.60*

a* _significant with day 1, # - significant with day 4, $
- significant with day 7, @ - significant in 10-VC against
controls

P-selectin

P-selectin remained constant in 10-VC whereas, it in-

creased by 600% (p<0.0001) on day 7 and decreased by

62% (p<0.0001) on day 11 with day 7 in controls.
P-selectin was lower by 58% (p<0.001) on day 7 in

10-VC against controls (Table 1).

Aggregation

Aggregation levels in response to collagen were similar
to day 1 throughout the storage period. (day 1: 85% in
10-VC and 53% in controls).

ATP secretion

ATP secretion declined by ~45% (p<0.0001) on day 7
and day 11 in 10-VC whereas, it decreased by ~85%
(p<0.0001) on day 7 and day 11 in controls.

ATP levels were threefold higher (p<0.0001) on day 7
and day 11 in 10-VC against controls (Table 1).

Table 2. Platelet viability and metabolism during storage
with V2

Storage Subgroups MTT oH Glucose LDH .
days (570 nm) (mmol/L) (Ux10-6/mg protein)
: Control ~ 0.45+0.03  7.0£0.0 2.32+0.26 10.73£1.20
10-VC 0.42+0.04  7.0+0.0 1.80+0.17 9.35+0.29
s Control  0.302+£0.02*  7.0£0.0 0.67+0.08* 9.14+1.13
10-VC 0.31+0.01  7.2+0.2  0.63+0.11 6.52+0.79
. Control ~ 0.18+£0.01*  7.540.0 0.45+0.13* 7.67+1.39
10-VC  0.25+0.02*  7.2+0.2  0.53+0.09* 5.68+0.78
» Control  0.1140.02*  7.6+0.16 0.59+0.14*  25.49+6.22**
10-VC  0.1740.005% 7.25+0.32 0.53+0.21* 9.41+1.16°

a* _significant with day 1, # - significant with day 4, $
- significant with day 7, @ - significant in 10-VC against
controls

Cell viability

Viable cells decreased by 40% (p<0.001) and 58%
(p<0.0001) on day 7 and day 11 in 10-VC. Controls ex-
hibited decrements of 33% (p<0.01) on day 4 and 40%
(p<0.01) and 60% (p<0.0001) on day 7 and day 11 re-
spectively, with day 4.

Changes in platelet viability were similar between con-
trols and 10-VC on each storage day (Table 2).

pH

pH was maintained in both controls and 10-VC.
Variations in pH were similar between controls and
10-VC on each day of storage (Table 2).

Glucose

10-VC showed decrements of ~68% on day 4 (p<0.001),
day 7 (p<0.0001) and day 11 (p<0.001). Glucose de-
creased by ~75% (p<0.0001) on days 4, 7 and 11 in
controls.

Variations in glucose were similar between controls
and 10-VC on each storage day (Table 2).

LDH

LDH remained constant in 10-VC whereas, it in-
creased by twofold (p<0.01) on day 11 in controls.
LDH was lower by 63% (p<0.01) on day 11 in 10-VC
against controls (Table 2).
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Correlation analysis

Pearson correlation analysis exhibited positive correla-
tion between superoxide radicals and SOD (r=0.83,
p<0.05) and GSH and SH (r=0.93. p<0.05) in 10-VC.
Controls also showed positive correlation between su-
peroxide radicals and SOD (r=0.85, p<0.05), SOD and
CAT (r=0.98, p<0.05), GSH and SH (r=0.99, p<0.01).

Discussion

Storage of platelets in SSP+ has mitigated OS-induced
storage lesions by augmenting antioxidant defenses and
improving platelet viability and function during 7-day
storage period.*® Antioxidants as additive in PAS can at-
tenuate OS. Hence, VC was used as an additive in SSP+
to investigate its effects on platelet quality, function and
OS during storage.

10 mM VC was chosen as an antioxidant additive in
SSP+ for platelet storage based on the ROS assay. Previ-
ous studies with VC at 10 mM concentration as an addi-
tive in erythrocyte storage solutions have mitigated OS
by reducing superoxide radicals and elevating endoge-
nous antioxidant defenses.*®*** VC at 10 mM concentra-
tion has preserved erythrocyte efficacy during storage.
Therefore, 10 mM VC was used in platelet storage solu-
tion as an additive in this study.

Platelets are equipped with endogenous antioxidant
defenses, namely SOD and CAT, that are activated by
high ROS levels i.e., superoxide radicals and H,0,) re-
spectively.”” SOD and CAT are proportional as the dis-
mutation product of SOD (H,0,at high concentrations)
activate CAT. Superoxide radicals and SOD were main-
tained throughout storage (r=0.83) in 10-VC indicating
the ROS scavenging property of VC. VC directly scav-
enges ROS by donating electrons/hydrogen atoms from
its two ionizable -OH groups.” It is reported that VC
reduced ROS levels induced by cisplatin in pig platelets
and inhibited superoxide production by 90% compared
to resveratrol.”* VC being an efficient ROS scavenger
limited ROS generation which resulted in lower SOD
and CAT levels thereby, maintaining the redox status of
the cells. SOD and CAT were proportional to the super-
oxide radicals in controls on days 7 and 11 (Superoxide
radicals vs SOD, r=0.85; SOD vs CAT, r=0.98).

GSH is an endogenous antioxidant that directly
scavenges ROS. The pentose phosphate pathway (PPP)
contributes to GSH recycling by providing NADPH re-
quired for glutathione reductase (GR) activity.”” The
higher levels of GSH in 10-VC compared to controls
on day 7 indicate that VC could maintain GSH in re-
duced state. This may be associated with improved GSH
recycling thereby, maintaining redox balance. Similar
observations have been reported by Puskas et al. who
demonstrated that pretreatment with dehydroascor-
bate to T-lymphocytes increased GSH levels, potential-
ly through the activation of PPP*° Antioxidant additives

have been reported to improve platelet viability during
storage.”” This was evidenced in low LDH levels on day
11 in 10-VC than controls, suggesting reduced plate-
let damage. Variations of ~50% in 10-VC was observed
compared to controls although the changes were insig-
nificant. Thus, VC could lower storage lesions and pre-
serve platelet integrity by reducing ROS levels during
storage. TAC was higher than controls throughout stor-
age in 10-VC which revealed the antioxidant poten-
tial of VC. However, it is reported that PPP is activated
during platelet storage as a stress response in order to
maintain the redox status.” This was evidenced in the
elevated GSH levels on day 7 in controls which could
be associated with enhanced GSH recycling. However,
GSH decreased on day 11 in both 10-VC and controls
due to high ROS. The GSH levels were also in line with
SH content in controls (GSH vs SH, r=0.99). High met-
abolic rate evidenced by lower glucose levels throughout
storage in controls and 10-VC may be indicative of an
active glycolytic pathway/PPP. These results suggest that
VC has worked in synergy with the endogenous antiox-
idant defenses as the SOD and CAT levels were main-
tained with augmentation of GSH thereby, resulting in
mitigation of OS.

Cellular lipids and proteins are prone to ROS attack
during OS. Oxidation of cellular lipids and proteins dis-
rupt membrane structure and function eventually lead-
ing to apoptosis. VC in synergy with VE inhibits lipid
peroxidation.” This was evident in the constant levels
of TBARS throughout storage in 10-VC whereas, it in-
creased on day 11 in controls due to accumulation of
ROS causing lipid peroxidation. Olas et al. reported that
VC reduced lipid peroxidation in pig platelets during OS
conditions.>?* Proteins form dityrosine cross-linkages
called AOPPs during OS which disrupt several cellular
signaling cascades.”® AOPPs were lower than controls in
10-VC which can be attributed to the ROS scavenging
and antioxidant regenerating ability of VC. This was also
evidenced in the levels of protein sulthydryls. The di-
sulfides (S-S) formed during oxidation can be reversed
back to SH when ROS lowers or due to the interventions
of antioxidant defenses. SH was higher than controls on
days 7 and 11 due to the antioxidant potential of VC in
maintaining thiols in reduced state which was also in
line with GSH (r=0.93).

NOX2 is a major enzymatic source of ROS in plate-
lets and is closely associated with platelet activation and
functional responses.**** NOX2 contributes to high ROS
generation during storage which promotes undesirable
platelet activation and impair responses to agonists.>!*>
The effects of VC was evidenced in low P-selectin lev-
els in 10-VC group compared to controls although ATP
secretion (granule release) was higher and aggregation
response to collagen was maintained. VC has been re-
ported to modulate platelet redox status and inhibit
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CD40 ligand expression (found on activated platelets)
without affecting agonist-induced platelet aggrega-
tion.?** This is in accordance with the results of platelet
function markers. This suggests that VC could modulate
redox balance and attenuate ROS-mediated activation
pathways thereby, preserving platelet responses. Thus,
VC could selectively inhibit platelet activation while
maintaining functional integrity during storage.

Platelets primarily use glucose as their metabolic
fuel. Glucose consumption increases lactate production
which decrease the pH of the storage medium.” Glucose
levels lowered in both controls and 10-VC throughout
storage indicating its higher consumption although pH
was maintained. Storage of platelets in an artificial me-
dium or PAS with minimal residual plasma, preserves
metabolic integrity.”” The salts in SSP+ provide a buff-
ering effect as well as the acetate component can act as
a secondary metabolic fuel as evidenced in glucose and
pH levels.* Platelet metabolic integrity was maintained
by the components of SSP+ although, metabolic stress
was observed (lower glucose levels) during storage.
These results are in line with the findings of Rajanand
et al. where pH was maintained despite lower glucose
levels when stored in PAS-SPP+.” This was attributed
to the salts present in SSP+ which preserved the meta-
bolic status.

Study limitations
The present study used animal models as they are bred
in controlled conditions. Thus, the variations in age,
diet, genetics and microenvironment are minimized,
allowing the observed effects to be more directly as-
sociated with the experimental interventions. Howev-
er, the study was conducted using a limited number of
biological samples (n=5) from male Wistar rats, which
were selected to minimise potential influences of es-
trogen-associated antioxidant effects. Therefore, these
findings require validation in human platelets.
Although the concentration of VC was initially op-
timized using ROS assay, only 10mM concentration was
evaluated during extended storage. In addition, in vivo
platelet recovery, post-transfusion survival and clinical
transfusion efficacy were not assessed. Therefore, the
present findings should be interpreted within the con-
text of an in vitro platelet storage model. Further stud-
ies using human platelets and in vivo validation are
required to confirm the translational relevance of these
findings.

Conclusion

10-VC reduced oxidative stress by scavenging superox-
ide and nitrite radicals, inhibiting lipid peroxidation,
protein oxidation, augmenting antioxidant capacity and
preserving platelet functions and viability during stor-
age. Thus, VC (10mM) in SSP+ was able to maintain

the redox status and improve selected markers of plate-
let efficacy during extended storage. This in vitro study
highlights the prospects of employing vitamin C as an
additive in PASs to preserve platelet efficacy during pro-
longed storage. However, further studies using human
platelets are required to confirm the translational rele-
vance of these findings.
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Expression of the miR-155, miR-326 and IL-17/IL-23 axis in patients
with essential hypertension - a case-control study
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ABSTRACT

Introduction and aim. Essential hypertension (EH) is a major cardiovascular risk factor worldwide. The interleukin (IL)-17 and
IL-23 axis is a key driver of Th17-mediated immune response; however, the involvement of microRNAs in modulating this axis
in patients with essential hypertension remains poorly understood. This study aimed to evaluate expression profiles of miR-155
and miR-326 together with the serum of IL-17A and IL-23 in patients with EH.

Material and methods. This case-control study enrolled 100 participants (50 patients with essential hypertension and 50
healthy controls). The expression of miR-155 and miR-326 was determined by (RT-qPCR), whereas serum IL-17A and IL-23 con-
centrations were measured using (ELISA).

Results. IL-17A and IL-23 levels were significantly elevated in patients with essential hypertension compared to healthy controls
(p<0.001). Additionally, miR-155 was significantly overexpressed, whereas miR-326 was significantly downregulated in patients
with essential hypertension (P<0.001 for both). Exploratory receiver operating characteristic analysis showed preliminary dis-
criminatory performance for miR-155, miR-326, IL-17A and IL-23 with AUC values of 0.988, 0.927, 0.974 and 0.946, respectively.
No direct correlation between miRNA expression and cytokine levels was identified.

Conclusion. Patients with essential hypertension exhibit dysregulation of miR-155 and miR-326, IL-17A, and IL-23. Lack of sig-
nificant correlations suggests that these biomarkers may reflect distinct aspects of hypertension-associated inflammation.
Further prospective and longitudinal investigations are needed to validate these findings and clarify underlying mechanisms.
Keywords. hypertension, interleukin-17, interleukin-23, microRNAs, miR-155, miR-326

Introduction

Essential hypertension is a chronic elevation of blood
pressure and is considered both a disease itself and
a major risk factor for other diseases leading to glob-
al public health challenge. While hemodynamic, renal
and neurohormonal mechanisms have traditionally de-
fined the pathophysiological framework of essential
hypertension, accumulating evidence highlights low-
grade chronic inflammation as a critical driver of vascu-
lar dysfunction and sustained blood pressure elevation.'
Patients with hypertension exhibit elevated circulat-

ing inflammatory markers, oxidative stress, and altered
immune cell phenotypes.>* The renin-angiotensin-al-
dosterone system interacts closely with immunity via
angiotensin II, which not only constricts blood vessels
but also serves as an immunomodulator, stimulating
dendritic cell activation and promoting inflammatory
cell recruitment.*

Among the immune pathways implicated in es-
sential hypertension, the Interleukin-17 and Interleu-
kin-23 (IL-17/IL-23) axis has been recognized as an
important contributor to inflammation in essential hy-
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pertension.” Within the axis, IL-23 stabilizing the Th17
phenotype and sustaining IL-17A production.® IL-17A
promotes endothelial dysfunction by impairing nitric
oxide (NO) bioavailability, promoting oxidative stress
and increased renal sodium reabsorption, collective-
ly leading to elevated blood pressure.”* Although most
mechanistic evidence arises from preclinical models,
human studies support the relevance of these inflam-
matory cytokines in the pathogenesis of essential hy-
pertension.>!%-1

MicroRNAs (miRNAs) are small conserved
non-coding RNA molecules that regulate gene expres-
sion at the post-transcriptional level. They are increas-
ingly recognized as major regulators of immune cell
differentiation, cytokine production, and vascular ho-
meostasis. Among miRNAs with established roles in
immune regulation, miR-155 has been reported to en-
hance Th17 differentiation by inhibiting suppressor of
cytokine signaling 1 (SOCS1), a key inhibitor of cy-
tokine signaling, thereby enhancing IL-17 production
and perpetuating inflammatory cascades.” Conversely,
miR-326 has been reported to regulate Th17 differen-
tiation by targeting negative regulator (Ets-1), thereby
promoting the expansion of Th17 cells and potential-
ly augmenting IL-17A-driven immune responses.' In
particular, these two miRNAs are thought to play dis-
tinct regulatory roles within the same Th17 pathway.

Moreover, assessing miR-155 and miR-326 together
with IL-17A and IL-23 may help clarify potential inter-
actions between epigenetic regulation and inflammato-
ry responses in essential hypertension. Most previous
investigations have focused exclusively on studying IL-
17/IL-23 axis components or miR-155 alone.>'>!*' To
our knowledge, only a few studies have comprehensively
analyzed the combined expression pattern of circulat-
ing miR-326 and miR-155, IL-17A and IL-23 in patients
with essential hypertension. Addressing this gap may
improve our understanding of how specific miRNAs
and the IL-17/IL-23 axis are associated with immune
dysregulation in essential hypertension.

Aim

This study aimed to perform an exploratory analysis
of the combined expression profiles of miR-155 and
miR-326 together with circulating IL-17A and IL-23
levels in patients with essential hypertension. Second-
ary analyses examined the correlations among these
biomarkers and explored their discriminatory perfor-
mance using receiver operating characteristic analysis.

Material and methods

Study design and population

This study was designed to evaluate the expression
profiles of specific microRNAs and the IL-17/IL-23
inflammatory axis in patients with essential hyper-

tension. The study cohort was comprised of 100 par-
ticipants: 50 patients with a confirmed diagnosis of
essential hypertension (patients group; 26 men, 24
women; mean age, 48.74+7.83 years) and 50 healthy
individuals (healthy control; 28 men, 22 women; mean
age, 46.16%8.03 years).

Participants were consecutively enrolled from the
outpatient clinics and physical examination unit of Al-Di-
waniyah Teaching Hospital (Iraq, Al-Diwaniyah Gov-
ernorate) between October 2025 and January 2026. The
study was conducted in accordance with the ethical prin-
ciples outlined in the Declaration of Helsinki (Number
41, Date 20/10/2025). The institutional ethics committee
specifically approved the use of verbal informed consent
as part of the approved study protocol because the study
was observational and involved routine venous blood col-
lection without any additional intervention.

Inclusion and exclusion criteria

Rigorous exclusion criteria were applied to minimize
confounding variables. Participants were excluded if
they fulfilled any of the following criteria: immunocom-
promised status, active malignancies, diabetes mellitus,
active smoking, secondary hypertension of known eti-
ology, autoimmune disorders or chronic inflammato-
ry diseases. Healthy volunteers in the healthy control
group were required to be strictly normotensive defined
systolic blood pressure (SBP)<120 mmHg and diastol-
ic blood pressure (DBP)<80 mmHg with no personal
history of chronic inflammatory or cardiovascular dis-
eases. Blood pressure was measured by physicians us-
ing a calibrated mercury sphygmomanometer with the
participant in the seated position after at least 5 min-
utes of rest. Two consecutive measurements were ob-
tained at 1-2-minute intervals, and the average of the
two readings was recorded. Essential hypertension was
confirmed as a (SBP) 2140 mmHg and/or (DBP) =90
mmHg, confirmed on repeated measurements during
separate clinical visits according to the current clinical
guidelines.

Sample size calculation

The study enrolled 50 patients with essential hyper-
tension and 50 healthy controls. Sample size was de-
termined based on participant availability during the
predefined study period. A formal a priori power anal-
ysis was not performed. Accordingly, this limitation
should be taken into account when interpreting the
study findings.

Blood collection, processing and storage

Each participant underwent peripheral venous blood
collection (5 mL) after fasting overnight for 8-10
hours. A (2 mL) aliquot of whole blood was immedi-
ately transferred into RNase-free tubes to preserve RNA
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integrity. The remaining (3 mL) was transferred into
clean sterile tubes, at room temperature allowed to clot
for 20-30 minutes, and to isolate serum blood centri-
fuged for 10 minutes at 3000 rpm. Both whole-blood
aliquots with serum were immediately stored at -80°C
until downstream molecular and biochemical analyses.
Before serum analysis, frozen samples were thawed to
room temperature, mixed gently by vortexed for 3 sec-
onds, then centrifuged at 10,000xg for 5 minutes at 4°C
to precipitate any cellular debris. Visually hemolysis, li-
pemic, or icteric samples were rigorously discarded.

Total RNA extraction

Total RNA was isolated from the processed whole blood
samples using TRIzol® reagent (Invitrogen, Thermo
Fisher Scientific, USA) in strict accordance with the
protocol of manufacturer. The concentration and purity
of the extracted RNA were evaluated using a NanoDrop
spectrophotometer (Thermo Scientific, USA), only sam-
ples with an absorbance (A260/280) between 1.8 to 2.0
were acceptable for downstream processing. RNA struc-
ture integrity was further evaluated by 1.5% agarose gel
electrophoresis through visual assessment of 28S and
18S ribosomal RNA bands. Only samples showing in-
tact ribosomal RNA bands with an approximate 28S:18S
ratio of 2:1 and no evidence of degradation were includ-
ed for subsequent analyses.

DNase treatment and cDNA synthesis

To remove residual genomic DNA contamination, to-
tal RNA was treated with DNase I (Promega, Madison,
WI, USA) for 30 minutes at 37°C, followed by en-
zyme inactivation for 10 minutes at 65°C. For microR-
NA-specific complementary DNA (cDNA) synthesis,
a stem-loop reverse transcription method was em-
ployed. A universal RT primer was utilized alongside
the M-MLV Reverse Transcriptase kit (Bioneer, Re-
public of Korea) with 100 ng/uL of template RNA. The
RNA-primer mix was denatured at 70°C for 10 min-
utes and instantly chilled on ice. Reverse transcription
was conducted at 42°C for 60 minutes followed by en-
zyme inactivation for 5 minutes at 65°C. For the ampli-
fication of the housekeeping reference gene (GAPDH),
cDNA synthesis was performed under analogous con-
ditions using random hexamer primers, initiated with
a denaturation step for 10 min at 65°C.

Quantitative real-time polymerase chain reaction
(RT-qPCR)

The expression of the selected miRNAs was quantified
by (RT-qPCR). Specific qPCR primers for hsa-miR-155
(MIMAT0000646) and hsa-miR-326 (MIMAT0000756)
were designed using the Sanger Center miRNA data-
base (miRBase) registry to select the appropriate mature
miRNA sequences, with assistance from a specialized

miRNA primer design tool. Primers for the GAPDH
reference gene (NM_001256799.3) were generated us-
ing the NCBI database and Primer3Plus online soft-
ware.'® Quantitative PCR was performed using GoTaq®
qPCR Master Mix (Promega, USA) on a MiniOpticon
Real-Time PCR Detection system (Bio-Rad, USA) and
each amplification was prepared in a final total volume
of 20 uL, containing cDNA template, reverse primer,
forward primer, GoTaq qPCR Master Mix, and DE-
PC-treated water. Thermocycling parameters were: start
denaturation for 5 min at 95°C, followed by 45 amplifi-
cation cycles including denaturation at 95°C for 20 s and
60°C for 30 s. The sequences of all primers used in this
study are presented in Table 1.

Table 1. The primer sequences used for RT-qPCR

Primer Sequence
RT primer
(universal) GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTTTTTTTTTTTVN
hsa-miR-155 F  AACACGCTTAATGCTAATCGTGATA
gPCRprimer R GTCGTATCCAGTGCAGGGT
hsa-miR-326 F AACAATCCTCTGGGCCCTTC
gPCRprimer R GTCGTATCCAGTGCAGGGT
GAPDHGPCR  F  TCACCAGGGCTGCTTTTAAC
primer R TGACGGTGCCATGGAATTTG
RT-qPCR quality control

Relative gene expression levels ware calculate via the
comparative 2A-AACt method, using healthy normo-
tensive group serving as the calibrator.'” GAPDH was
used as the endogenous reference gene. It is stability was
assessed by comparing Ct values between patients with
essential hypertension and healthy controls. Amplifi-
cation specificity was evaluated by melt curve analysis
which conformed to a single distinct melting peak for
each target, indicating specific amplification. Amplifi-
cation efficiencies were determined using 10-fold seri-
al cDNA dilutions, yielding acceptable ranges between
90% and 110% ((R?)>0.99). Intra-assay and inter-assay
variability were assessed by running samples in tripli-
cate within the same plate and across three independent
runs, respectively, with coeflicients of variation (CV)
consistently <5%. Although small RNA reference genes
like U6, miR-16, SNORD44, and SNORD48 are general-
ly recommended for circulating miRNA normalization
according to the MIQE guidelines, these controls were
not incorporated during the original study design. Con-
sequently, retrospective re-normalization was not fea-
sible. GAPDH was retained as the endogenous control
because it demonstrated highly stable Ct values across
all study samples under the present experimental con-
ditions. Nevertheless, the use of GAPDH represents a
methodological limitation, and future studies should
validate normalization using multiple endogenous ref-
erence controls.
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In silico target prediction analysis

In silico miRNAs target interactions were analysis us-
ing the publicly available miRDB and TargetScan data-
bases to identify potential down-stream inflammatory
pathways regulated by miR-155 and miR-326 relevant
to inflammatory signaling pathways.

Measurement of circulating cytokines

Commercially available sandwich ELISA kits were
used to measure serum interleukin-17A (IL-17A) and
interleukin-23 (IL-23) concentrations. Human IL-17A
was quantified using an ELISA kit (Cat. No. E0047Hu,
Bioassay Technology Laboratory, China) with detec-
tion range (5-1000 ng/L) and assay sensitivity (2.38
ng/L), and IL-23 was measured using ELISA kit (Cat.
No. E0074Hu, Bioassay Technology Laboratory, Chi-
na) with detection range (3-9000 ng/L) with sensitiv-
ity (1.52 ng/L). The inter-assay coeflicient of variation
(CV) was <10% for both assays according to the man-
ufacturer. All laboratory procedures strictly adhered
to the manufacturer’s protocols. Standard solutions
were prepared to generate standard curves, and se-
rum samples were analyzed in duplicate wells. After
the required incubation and washing steps, the appro-
priate detection antibodies were added, then followed
by substrate development. Absorbance was measured
at the recommended wavelength using a microplate
reader, and cytokine level were measured from the cor-
responding standard curves.

Sample quality and exclusion criteria

Samples were excluded based on predefined cri-
teria: (1) visual evidence of hemolysis, lipemia, or
icterus; (2) RNA purity outside the acceptable range
(A260/280<1.8 or >2.0) or RNA degradation observed
on agarose gel; (3) failure of the internal control gene
(GAPDH) amplification with a cycle threshold (Ct)
value >35; and (4) coefficient of variation (CV) >10%
among technical replicates in RT-qPCR or ELISA as-
says. Only samples that satisfied all predefined quali-
ty control criteria were retained for the final statistical
analysis.

Statistical analysis

Statistical analyses were demonstrated using the IBM
SPSS Statistics software (version 26.0 and IBM Corp.,
Armonk, NY, USA). For normally distributed contin-
uous variables, descriptive statistics are shown as the
mean+SD accompanied by 95% confidence intervals
(CIs), whereas categorical data are described using fre-
quencies and percentages. To assess normality of data
distribution, we used the Shapiro-Wilk test before ap-
plying parametric statistical analyses. To confirm ho-
mogeneity of variances among groups was assessed
using Levene’s test prior to independent t test (P>0.05).

Between-group comparisons were performed using
the independent samples t-test for continuous variables
with normal distribution and the chi-square test for cat-
egorical variables. The strength of the associations be-
tween continuous variables was evaluated by Pearson’s
correlation coefficient (r). Exploratory receiver operat-
ing characteristic (ROC) curve analysis was performed
to evaluate the preliminary discriminatory value of IL-
17A, IL-23, miR-155, and miR-326 in distinguishing pa-
tients with essential hypertension from healthy controls.
Sensitivity, specificity, optimal cutoff values, and the area
under the curve (AUC) were calculated. Multivariable
binary logistic regression analysis was performed to for
potentially confounding variables including BMI and
age. A statistically significant difference was considered
at P<0.05. Because the study was performed in a sin-
gle-center cohort without external validation, the finding
of the ROC analysis should be considered exploratory.

Results

The clinical and demographic profiles of the study pop-
ulation are shown in Table 2. Statistical analysis demon-
strated that the groups were comparable with respect to
age and sex distribution, with no significant differences
observed (p=0.155 and p=0.688, respectively). In con-
trast, the essential hypertensive group had significant-
ly higher BMI and obesity prevalence than the healthy
controls group (p=0.001 and p=0.002, respectively). Ad-
ditionally, 80% of patients with essential hypertension
had a family history of hypertension.

Information regarding antihypertensive treatment
status (treated or untreated) was collected from patient
interviews. However, detailed information regarding the
specific classes, doses, and duration of antihypertensive
medications was not consistently available and therefore
was not included in the analysis.

Table 2. Demographics and clinical profile of study groups*

EH patients Healthy controls

Characteristic (n=50) (n=50) Test p
Age, Mean=£SD (years) 4874+7.83  46.16+8.03 0.155
Male, n (%) 26 (52.0%) 28(56.0%)
x’=0.160 0.688
Female, n (%) 24 (48.0%) 22 (44.0%)

SBP (mmHg), Mean+5D 148.25+15.99  112.25+5.60 t=14.898 0.001

DBP (mmHg), Mean+SD 96.84+8.69  74.374£5.12  t=15.719 0.001
BMI (kg/m?), Mean=SD 31.4746.72  26.75+£5.45 - 0.001
Obese (BMI =30), n (%) 29 (58.0%) 12(24.0%) - 0.002
Positive family history, n (%) 40 (80.0%) - - -
Negative family history 10 (20.0%) - - -

Duration of disease | 5years, n (%) 28 (56.0%) - - -
Duration of disease 1 5years, n (%) 22 (44.0 %) - - -
16(32.0%) - - -
34(68.0%) - - -

Treating, n (%)

Non-treating, n (%)

* Family history, disease duration, and treatment status
were assessed only in patients with essential hypertension
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Stability assessment of GAPDH

To assess the suitability of GAPDH as a reference gene,
Ct values were compared between patients with essen-
tial hypertension and healthy controls. Gene reference
expression demonstrated minimal variability across
samples, with mean Ct values of 22.03£0.45 in patients
with essential hypertension and 22.08+0.47 in healthy
controls with (p>0.05), supporting its suitability as an
internal control under the experimental conditions of
the present study (Table 3).

Table 3. Stability assessment of GAPDH Ct values in study
groups

Groups n Mean CT+SD Minimum (T Maximum CT
EH Patients 50 22.03+0.45 21.29 22.78
Healthy controls 50 22.08+0.47 21.26 22.68
p 0.710

As presented in Table 4, miR-155 expression was
significantly upregulated in patients with essential hy-
pertension compared with healthy controls (9.26-fold
upregulation, p<0.001). In contrast, miR-326 expres-
sion was significantly downregulated in patients with
essential hypertension, relative expression level (0.092-
fold compared with healthy controls (p<0.001).

Table 4. miR-155 and miR-326 expression in patients with
EH and healthy controls
EH patients (n=50) Healthy controls (n=50) Fold change

miRNA Mean=SD Mean=:5D (EH)
miR-155 9264271 1.0£031 9261 <0001
miR-326 0.092+0.031 10+0.3 0092]  <0.001

*Values are mean+SD, 1 — upregulated. | - downregulated

There were marked elevations in the concentrations
of serum IL-17A (59.66+6.75 pg/mL vs. 38.93+6.41
pg/mL, p<0.001) and IL-23 (107.82+11.33 pg/mL vs.
77.21+8.56 pg/mL, p<0.001) in patients with essential
hypertension relative to healthy subjects (Table 5).

Table 5. Serum IL-17A and IL-23 level in patients with EH
and healthy controls*

Parameter EH Patients (n=50) Healthy Controls (n=50) p
IL-17A (pg/mL) 59.66+6.75 38.93+6.41

<0.001
Range 45.96-74.12 23.69-56.79
IL-23 (pg/mL) 107.82+11.33 77.21+8.56

<0.001
Range 86.87-131.12 54.31-102.40

*Values are mean+SD

Correlation analysis between miR-155 and miR-326
Correlation analysis showed a weak association between
miR-155 and miR-326 expression levels (r=-0.126). No
significant correlation was detected in this relationship
(p>0.05) as presented in Figure 1.

20,00
18,00
16,00
14,00 r=-0.126
p=0.261
12,00
10,00
8,00
6,00

MiR-155 gene expression

0 0,05 0,1 0,15 0,2 0,25 03

MiR-326 gene expression

Fig. 1. The correlation scatter miR-155 and miR-326 levels
in patients with EH

Correlations between immunological parameters in pa-
tients with EH

Correlation analysis demonstrated that the immunologi-
cal parameters were significantly correlated, with IL-17A
and IL-23 showing a positive correlation among patients
with essential hypertension (r=0.618, p<0.001, Fig. 2).

80,00

75.00 r=0.615
p=0.001
70,00

65,00
60,00

55,00

Serum IL-17A levels

50,00
45,00

40,00
90 95 100 105 110 115 120 125 130 135 140

Serum IL-23 levels

Fig. 2. The correlation scatter of IL-17A and IL-23 levels in
patients with EH

Table 6. Correlation between miRNAs gene expression
parameters and cytokine axis and other parameters in
patients with EH*

Parameters miRNAs gene expression parameters
miR-155 gene expression ~ miR-326 gene expression
r P r p
IL-17A 0.181 0.209 -0.210 0.194
IL-23 0.171 0.234 -0.103 0.528
Age 0.383 0.006* -0.113 0.435
BMI 0.502 0.001* -0.323 0.042*

*r — correlation coefficient

Correlation between miRNAs expression parameters
and other parameters in patients with EH

Among patients with EH, miR-155 expression demon-
strated significant positive correlations with age
(r=0.383, p=0.006) and BMI (r=0.502, p=0.001). Ex-
pression of miR-326 was significantly negatively cor-
related with BMI (r=-0.323, p=0.042) but not with age
(r=—0.113, p=0.435). Neither miR-155 nor miR-326 ex-
pression correlated significantly with serum IL-17A or
IL-23 concentrations (for all p>0.05).
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In silico target prediction analysis identified
SOCS1 as a potential target of miR-155 and Ets-1 as a
potential target of miR-326. Both genes have been im-
plicated in cytokine signaling and regulation of Th17-
cell differentiation.

ROC curve analysis was conducted to evaluate the
preliminary discriminatory performance of both cy-
tokines and miRNA in patients with essential hyper-
tension compared with controls, as shown in Table 7
and Table 8. IL-17A, at a cutoft value of >50.37 pg/
mL yielded an AUC of 0.974 (95% CI: 0.950-0.998),
achieving a sensitivity of 96.0% and a specificity of
92.0%. IL-23 at a cutoff of >92.38 pg/mL yielded an
AUC 0f 0.946 (95% CI: 0.908-0.985), with correspond-
ing sensitivity and specificity values of 92.0% and
94.0%, respectively.

Table 7. Accuracy of IL-17A and IL-23 by ROC curve
analysis*

Sensitivity Specificity PPV NPV

Biomarker Cutoff AUC(95% ()

% % % %
0.974

IL-17A >50.37 pg/mL (0.950-0.998) 96.0 92.0 923 958
0.946

IL-23  >92.38 pg/mlL (0.908-0.985) 92.0 94.0 93.9 922

* Cl - confidence interval, AUC - area under the curve, NPV
- negative predictive value, PPV - positive predictive value

At a cutoff of >2.24-fold expression, miR-155 yield-
ed an AUC of 0.988 (95% CI: 0.973-1.000), with sen-
sitivity of 96.0% and specificity of 98.0%. miR-326 at a
cutoft of <0.22-fold expression yielded an AUC of 0.927
(95% CI: 0.848-1.000), with 90.0% specificity and 92.0%
sensitivity. MiR-155 achieved the highest AUC across all
four biomarkers. These findings require external valida-
tion before any clinical application.

Table 8. Accuracy of miR-155 and miR-326 by ROC curve
analysis*
Biomarker Cutoff AUC(95%Cl) Sensitivity % Specificity% PPV% NPV %

) >2.24 0.988
miR-155 fold  (0973-1.000) 9.0 98.0 980  96.1
miR-326 <02 0.927 92.0 90.0 90.2 918

fold  (0.848-1.000)
* AUC - area under the curve Cl - confidence interval, PPV
- positive predictive value, NPV - negative predictive value

To account for potential confounding by age and
BMI, multivariable binary logistic regression models
were applied to examine whether the relationships of
miR-155, miR-326, IL-17A, and IL-23 with essential hy-
pertension remained statistically significant. The results
demonstrated that all four biomarkers remained signifi-
cantly associated with hypertension.

Table 9. Multivariable logistic regression model of related
factors in patients with EH

95% Cl for
OR

0.569  1.059  0.869-1.291
0.045 0600 0.364-0.990
0.017  0.002 0.000-0.330
0870  0.995  0.939-1.055
0115 0933 0.856-1.017

3.363—
36.993

0931 0995 0.885-1.118
0.032 0825 0.692-0.984
0.000  0.699 0.601-0.813
0.963  1.003  0.900-1.117
0.009 0830 0.722-0.954
0.000  0.795  0.710-0.889

Model  Variable B SE yWald df p OR

Age  0.057 0.101 0325

miR-155 BMI -0.511 0.255 4.000
miR-155 -6.310 2.654 5.652

Age  -0.005 0.030 0.027

BMI -0.069 0.044 2.490

R [N N [N N

miR-326

miR-326 2.412 0.612 15542 1 0.000 11.153

Age  -0.005 0.059 0.008
IL-17 BMI - -0.192 0.090 4.574
117 -0.358 0.077 21.569
Age  0.003 0.055 0.002
IL-23 BMI  -0.187 0.071 6.910
1123 -0.230 0.057 16.090

RN [ [ [N [N N

Discussion

This case-control study provides clinical evidence for
the dysregulation of circulating miR-155 and miR-
326, as well as the IL-17/IL-23 inflammatory axis in
patients with essential hypertension. An experimen-
tal study demonstrated that IL-17A is not a second-
ary marker, but part of pathogenesis of hypertension.”
Wang et al. demonstrated significantly elevated circulat-
ing Th17 cells and IL-23 levels in patients with hyper-
tension, supporting the involvement of Th17-mediated
inflammation in hypertension.”” Ahmed et al., demon-
strated significant activation of the IL-23/Th17 in Egyp-
tian patients with grade 2 hypertension, supporting the
role of Th17-mediated inflammation in hypertension."
Furthermore, Yao et al. reported elevated serum IL-17
concentrations even among individuals with prehyper-
tension, suggesting that activation of the IL-17 pathway
may occur early during blood pressure dysregulation
and persist throughout disease progression.?'

These clinical observations are further supported
by recent large-scale evidence highlighting the central
role of immune and inflammatory pathways, partic-
ularly the IL-23/IL-17/Th17 axis, in the development
and progression of hypertension. A systematic re-
view and meta-analysis of circulating cytokines in hy-
pertension underscored the contribution of immune
mediators to development of hypertension, while con-
temporary reviews have emphasized the central role of
inflammation disease progression.?>*

The positive correlation between IL-17A and IL-
23 levels identified in our study (R>=0.3816) reinforces
potential the interdependent nature of these cytokines
and is consistent with prior reports demonstrating a
synergistic relationship within the axis in patients with
essential hypertension."

The exploratory discriminatory performance of
IL-17A (AUC=0.974) and IL-23 (AUC=0.946) in dis-
tinguishing patients with essential hypertension from
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healthy controls underscores their potential as in-
flammatory biomarkers, although requiring further
validation.

The concurrent upregulation of miR-155 and eleva-
tion of IL-17A in patients with essential hypertension
may be associated with inflammatory marker. This find-
ing is partly agreement with previous clinical studies
suggesting a role for miR-155 in hypertension-associ-
ated inflammation. Huang et al. reported an associa-
tion between increased circulating gene expression as
well as miR-155 with elevated inflammatory markers in
patients with white coat hypertension, supporting the
involvement of miR-155 in early hypertensive inflam-
matory responses.” While Kara et al. did not observe
differences in miR-155 levels among patients newly di-
agnosed hypertension, resistant hypertension, and nor-
motensive controls.* These discrepancies may reflect
differences in patient populations, disease phenotypes
and treatment status. Collectively, the available evidence
suggests that the role of miR-155 may be dependent on
and potentially influenced by both inflammatory and
clinical characteristics of the studied population.

Conversely, the significant downregulation of miR-
326 in patients with essential hypertension, occurring
together with elevated IL-17A and IL-23 levels, pres-
ents a complex regulatory scenario. Similar alterations
in circulating miRNA profiles have been reported in
patients with essential hypertension. A study reported
significant upregulation of miR-4516 and downregu-
lation of miR-145 in patients with hypertension, sup-
porting the concept that miRNA dysregulation may
associated with the pathophysiology of hypertension.”

Previous studies in autoimmune diseases, par-
ticularly multiple sclerosis, have reported increased
miR-326 expression associated with enhanced Th17
differentiation through suppression of Ets-1."* In con-
trast, the present study demonstrated a marked re-
duction in circulating miR-326 levels in patients with
essential hypertension. Furthermore, the relationship
between miR-326 and IL-17A does not appear to be
straightforward; a study in celiac disease reported in-
creased IL-17A levels despite downregulation of miR-
326, suggesting that increased IL-17A production may
occur independently of miR-326 expression under cer-
tain inflammatory conditions.?® This apparent discrep-
ancy suggests that the biological role of miR-326 may
be disease-specific and associated with differences in
the immune microenvironment, tissue origin, or met-
abolic factors. Furthermore, Th17 differentiation is
controlled by a complex regulatory network involving
multiple microRNAs and signaling pathways.” This
discrepancy may indicate that the regulatory role of
miR-326 is highly dependent and differs between au-
toimmune diseases and cardiovascular inflammatory
conditions such as essential hypertension.

It can be hypothesized that IL-23-driven inflamma-
tory mechanisms may become dominant in sustaining
Th17 activity, potentially overriding or compensating
for miR-326 regulatory role. However, this hypothesis
was not directly investigated in the present study and
requires experimental validation.

The significant positive correlations between miR-
155 expression, age and BMI observed in this study are
clinically relevant. Advancing age is associated with
heightened oxidative stress and low-grade inflamma-
tion, while adipose tissue is a recognized source of
circulating miR-155 that engages macrophage polar-
ization and sustains pro-inflammatory signaling.?®

The downregulation of miR-326 expression and its
negative correlation with BMI indicate that metabolic
factors, particularly obesity-related immune dysregu-
lation, may modulate miR-326 expression in a depen-
dent manner. As knowing miRNA secretion from the
growing adipose tissue which is one of the sources of
circulating miRNAs and vary significantly as obesity
develops.?*

There is no correlation between miRNA and the
measured cytokine, despite their concurrent dysregula-
tion in patients with essential hypertension. Therefore,
the present findings do not provide direct evidence
of a mechanistic interaction between these biomark-
ers. There is no evidence of a molecular cascade in this
study. Further studies are required to clarify whether
selected biomarkers interact mechanistically or reflect
independent aspects of hypertensive inflammation.

The multivariable logistic regression analysis pro-
vided additional support for the observed associations.
when adjustment for age and BMI, miR-155, miR-326,
IL-17A, and IL-23 remained significantly associated
with essential hypertension, suggesting that these as-
sociations may not fully explain the differences in age
or BMI between the study groups. Although, obesi-
ty is recognized as a low-grade chronic inflammatory
condition may contribute to the inflammatory milieu
associated with hypertension, capable of promoting
Th17-cell activation and improving the production of
pro-inflammatory cytokines, including IL-17.3'-%

The simultaneous evaluation of circulating miR-
NAs and inflammatory cytokines offers a much more
thorough insight into the nature of the inflammatory
landscape in hypertension than the measurement of
isolated markers. In silico target prediction was per-
formed using publicly available databases (miRDB and
TargetScan). The analysis identified SOCS1 as a poten-
tial target of miR-155 and Ets-1 as a potential target
of both miR-155 and miR-326. The findings of present
study generate hypotheses regarding possible regulato-
ry pathways but do not provide experimental evidence.

Despite the high AUC value found through ROC
analysis, the results should be interpreted cautiously
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not conclusive for diagnosis because of the small num-
ber limits the generalizability of the results, and the ob-
served exploratory discriminatory performance cannot
be considered definitive evidence of diagnostic utility,
although further studies on a larger scale are necessary.

Obesity and treatment status should also be con-
sidered when interpreting the present findings and may
independently influence circulating cytokine concentra-
tions and miRNA expression profiles.* The high prev-
alence of untreated disease (68.0%) in our cohort and
detailed information regarding antihypertensive medi-
cation classes and treatment duration was unavailable,
likely contributed to a persistently activated inflam-
matory milieu, further amplifying these cytokine lev-
els. Likewise, antihypertensive medications have been
reported to modulate inflammatory pathways and im-
mune responses.” Therefore, the observed biomarker
alterations may have been partially influenced by these
factors, and future investigations with larger study pop-
ulations and multivariable analyses are needed to fur-
ther clarify their independent effects.

Study limitations

Several limitations in the present study. The sample
size may insufficient to detect possible correlations be-
tween the expressions of miRNA and inflammatory cy-
tokines levels. The single-center design generalizability
to populations with different demographic and clini-
cal characteristics. No formal adjustment for multiple
comparisons was applied. In addition, multiple statis-
tical comparisons across several biomarkers and cor-
relation analyses may increase the risk of type I error.
Findings of this study should be interpreted cautious-
ly until confirmed in larger, independent investigation.
Therefore, these findings suggest potential discrimina-
tory value; however, validation in larger independent
cohorts is required. It would be premature to consider
diagnostic efficacy as per ROC analysis as definitive.
Moreover, without any target gene validation for the
specific miRNA, the study cannot prove its mechanism
directly for example, SOCS1 is the target of miR-155.
Future longitudinal and functional studies are needed
to assess gene expression together with cytokine levels
and miRNA profiling.

The use of a single housekeeping gene (GAPDH)
for normalization, which may not fully comply with
MIQE recommendations; however, its stable expres-
sion across study groups was confirmed by comparable
Ct values. The multivariable regression models were
adjusted only for age and BMI. Additional factors, in-
cluding antihypertensive treatment characteristics and
family history of hypertension, were not involved in
the regression models and residual confounding can-
not be completely excluded. Therefore, these factors
should be considered in future studies.

Conclusion

Patients with essential hypertension showed signif-
icant upregulation of miR-155, IL-17A, and IL-23,
along with downregulation of miR-326 compared with
normotensive control. Although these biomarkers
were significantly dysregulated, no direct correlation
was identified between miRNA expression and cyto-
kine concentrations. The present finding suggests that
these biomarkers may perform distinct aspects of the
hypertension-associated inflammation rather than a
confirmed molecular pathway. The findings should be
regarded preliminary, require validation in larger, in-
dependent, preferably prospective cohorts before their
potential clinical relevance can be established.
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ABSTRACT

Introduction and aim. Acute wheeze is common cause of emergency visits and hospitalization in preschool children. This
randomized controlled trial directly compared nebulized budesonide versus ipratropium bromide as add-on therapy to salbu-
tamol in children aged 1-5 years with moderate-to-severe acute wheeze.

Material and methods. This hospital-based randomized controlled trial included 84 children equally assigned to two groups.
Group A received nebulized budesonide with salbutamol, and Group B received nebulized ipratropium bromide with salbu-
tamol. The co-primary outcomes were the change in Pediatric Respiratory Assessment Measure (PRAM) score from baseline to
60 minutes and the PRAM score trajectory during the first 60 minutes.

Results. Baseline PRAM scores were comparable between groups. Group A showed significantly lower PRAM scores at 20, 40,
60 minutes, with greater mean PRAM reduction at 60 minutes (p<0.05). Mean time to achieve PRAM<4 was shorter in Group A.
Group A children had a significantly shorter hospital stay.

Conclusion. Nebulized budesonide as an add-on to salbutamol was associated with greater short-term improvement in PRAM

scores and shorter hospital stay than ipratropium bromide; larger multicenter studies are needed.

Keywords. budesonide, child, ipratropium, preschool, salbutamol, wheezing

Introduction

Acute exacerbations of wheeze are among the most
common reasons for emergency visits and hospital ad-
missions among the children aged 1-5 years, contrib-
uting substantially to pediatric morbidity, health care
utilization, and caregiver burden worldwide.! In ear-
ly childhood, wheezing episodes are commonly trig-
gered by viral respiratory infections and are associated
with airway inflammation, mucosal edema, bronchoc-
onstriction, and increased mucus secretion, leading to
respiratory distress.? Because of smaller airway caliber
and heightened inflammatory responses, young chil-
dren are more vulnerable to severe manifestations and

may require prompt treatment to prevent clinical dete-
rioration.?

The mainstay of acute wheeze management is rap-
id reversal of bronchospasm and improvement in ox-
ygenation, with nebulized salbutamol forming the
cornerstone of therapy.* The bronchodilatory effect of
salbutamol is through stimulation of B2 adrenergic re-
ceptors present in the bronchial smooth muscle. Salbu-
tamol has limited effect on the underlying inflammatory
process, and some children show suboptimal respons-
es when treated with salbutamol alone.® For moder-
ate-to-severe exacerbations, ipratropium bromide is
frequently added because it blocks muscarinic recep-

Corresponding author: Vimalraj Vijayakumar, e-mail: vimalrav@srmist.edu.in

Received: 13.04.2026 / Revised: 21.07.2026 / Accepted: 21.07.2026 / Published: 30.09.2026

Anandan R, Vijayakumar V, Abirami R, Sundar S. Nebulized budesonide vs. ipratropium as an add-on to salbutamol in preschool
wheeze - a randomized controlled trial. Eur J Clin Exp Med. 2026;24(3):513-520. doi: 10.15584/ejcem.2026.3.11.

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


https://creativecommons.org/licenses/by/4.0/
http://www.ejcem.ur.edu.pl
http://dx.doi.org/10.15584/ejcem.2026.3.11
https://orcid.org/0009-0004-1204-9220
https://orcid.org/0000-0001-5543-5368
https://orcid.org/0009-0003-1084-7475
https://orcid.org/0000-0002-6255-7125

514

European Journal of Clinical and Experimental Medicine 2026; 24 (3): 513-520

tors, reduces vagally mediated bronchoconstriction, and
may improve clinical outcomes, especially in severe cas-
es.%” However, its action is largely bronchodilation and
does not directly target airway inflammation.

This has led to increasing interest in early use of in-
haled corticosteroids during acute wheezing episodes.
Budesonide, a potent inhaled corticosteroid with high
topical anti-inflammatory activity and a favorable safe-
ty profile, has been proposed as an adjunct to broncho-
dilator therapy.*® Nebulized budesonide is particularly
suitable for young children because it allows targeted pul-
monary delivery with minimal systemic absorption and
can be administered even in those unable to use inhal-
er devices effectively.'” Previous studies suggest that ear-
ly administration of inhaled corticosteroids may hasten
symptom resolution, improve respiratory scores, and re-
duce the need for systemic corticosteroids and prolonged
hospitalization.!" Nevertheless, evidence remains incon-
sistent, particularly in children under 5 years, because of
variations in study design, patient characteristics, dosing
regimens, and outcome measures across trials."

At present, there is no universal consensus regard-
ing the best add-on therapy to salbutamol in preschool
children with acute wheeze. Although ipratropium bro-
mide is widely used in emergency care, its comparative
efficacy against nebulized budesonide has not been ad-
equately established in well-designed randomized con-
trolled trials among children aged 1-5 years."S This
question is clinically important because recurrent or in-
adequately treated wheeze in early childhood may in-
crease the risk of recurrent hospitalizations, persistent
airway hyperresponsiveness, and progression to chron-
ic asthma.®?

The Pediatric Respiratory Assessment Measure
(PRAM) score is a validated tool used to assess the se-
verity of wheeze and monitor response to treatment in
children with acute respiratory distress.

Despite widespread clinical use of both therapies,
direct randomized comparisons between nebulized
budesonide and ipratropium bromide as add-on treat-
ment to salbutamol in preschool wheeze remain limited.
Along with PRAM improvement, duration of hospital
stay is a clinically meaningful outcome that reflects both
recovery and healthcare resource use.>!**?

Against this background, the present random-
ized controlled trial was designed to address the ex-
isting evidence gap by directly comparing nebulized
budesonide plus salbutamol with ipratropium bromide
plus salbutamol in children aged 1-5 years with mod-
erate-to-severe acute exacerbations of wheeze. By di-
rectly comparing these two commonly used adjunctive
regimens, the study aims to generate evidence on symp-
tom resolution, PRAM score improvement, and hospital
stay and thereby help guide evidence-based manage-
ment of acute wheeze in young children. This study pro-

vides a direct head-to-head comparison of nebulized
budesonide and ipratropium bromide as add-on thera-
pies in preschool children, a population in which com-
parative evidence remains limited. Additionally, this
study evaluates early response using serial PRAM scor-
ing at short intervals, which has been inadequately ex-
plored in previous trials. Ipratropium bromide is widely
used as an adjunct to salbutamol in moderate-to-severe
acute wheeze; therefore, comparison with this common-
ly employed regimen was considered more clinically rel-
evant than comparison with salbutamol alone.

Aim

The aim was to compare the efficacy of nebulized
budesonide versus ipratropium bromide as add-on ther-
apy to salbutamol in preschool children with moder-
ate-to-severe acute wheeze

Co-primary objectives

1. To compare the change in Pediatric Respiratory As-
sessment Measure (PRAM) score from baseline to
60 minutes between treatment groups.

2. To compare the trajectory of PRAM scores during
the first 60 minutes following treatment between
treatment groups.

Secondary objectives

1. To compare the time required to achieve a PRAM
score <4 between the two treatment groups.

2. To compare the duration of hospital stay between
the two treatment groups.

3. To assess the need for additional bronchodilator or
corticosteroid therapy following the initial treat-
ment period.

Material and methods

Study design and setting

This hospital-based randomized controlled trial with a
parallel-group design was carried out during the peri-
od from 2025 to 2026 in the Department of Pediatrics,
SRM Medical College Hospital and Research Centre, a
tertiary care teaching hospital. The participants were re-
cruited from the pediatric emergency department and
PICU, where children presenting with acute exacerba-
tion of wheeze were routinely evaluated and managed.
During the study period, participant recruitment, inter-
vention administration, follow-up assessment, data col-
lection and data analysis were carried out.

Study population

Children of age 1 to 5 years, presenting with acute ex-
acerbation of wheeze, were screened for eligibility. The
children were included if written informed consent was
provided by a parent or legal guardian, children were
aged 1 to 5 years, had clinically diagnosed wheeze, char-
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acterized by audible high-pitched whistling sounds pre-
dominantly during expiration, had moderate to severe
exacerbation, defined by a Pediatric Respiratory Assess-
ment Measure (PRAM) score of >4. The children pre-
senting with life-threatening exacerbation of wheeze,
had received systemic or inhaled corticosteroid therapy
within the preceding 24 hours, had known cardiovas-
cular disease, primary or secondary immunodeficien-
cy, or chronic systemic illness, had mild exacerbation of
wheeze, defined as a PRAM score of 0-4, were excluded.

Eligible participants were screened and enrolled
at the time of presentation to the pediatric emergency
department or PICU before initiation of the study in-
tervention. Participants were recruited by consecutive
sampling. All eligible children presenting to pediatric
emergency department or PICU during the study pe-
riod were assessed for eligibility and enrolled consecu-
tively until the estimated sample size was attained. The
sample size was estimated based on previously pub-
lished studies evaluating nebulized budesonide in pre-
school wheeze. Assuming a two-sided a error of 0.05,
a study power of 80%, and equal allocation between
groups, the minimum required sample size was estimat-
ed as 42 participants per group (total n=84). The partic-
ipants were equally allocated into treatment groups A
and B, with 42 children in each treatment arm.

Ethical approval

The study was conducted in accordance with the Dec-
laration of Helsinki and approved by the Institutional
Ethics Committee of SRM Medical College Hospital and
Research Centre (approval No.: SRMIEC-ST0724-1721).
Written informed consent was obtained from parents or
legal guardians. Parents were informed that participa-
tion was voluntary and they could withdraw their child
from the study at any time without affecting the treat-
ment. The study involved minimal risk and no invasive
procedures beyond standard care. Patient confidential-
ity was strictly maintained throughout the study. The
study was self-funded, and no external financial support
or commercial sponsorship was involved.

Randomization and allocation

Randomization was performed using a computer-gen-
erated random sequence with a 1:1 allocation ratio. Al-
location concealment was ensured using sequentially
numbered, opaque, sealed envelopes prepared by an
independent investigator. Due to the nature of the in-
tervention, blinding was not feasible. All randomized
participants were included in the final analysis. The
study utilized an open-label design owing to the nature
of the interventions; however, outcome assessment via
PRAM scoring adhered to standardized criteria to miti-
gate observer bias. PRAM assessments were performed
by pediatric residents and consultants familiar with the

PRAM scoring system and its standardized assessment
criteria. All assessors received orientation regarding
standardized PRAM assessment before study initiation.
The same standardized PRAM assessment criteria were
applied throughout the study to minimize inter-observ-
er variability. However, formal certification using the
online PRAM training module and assessment of in-
ter-rater reliability were not performed.

Intervention
The enrolled participants were assigned to one of the
following treatment groups:

Group A: Nebulized Salbutamol and Nebulized
Budesonide

Group B: Nebulized Salbutamol and Nebulized Ip-
ratropium Bromide

Dose:

1. Salbutamol: <20 kg - 2.5 mg; >20 kg - 5 mg

2. Ipratropium bromide: 250 pg for children <20 kg
and 500 pg for children >20 kg, as per standard pe-
diatric dosing guidelines

3. Budesonide: 0.5 mg

The study medications were administered ac-
cording to standard pediatric dosing protocols. Each
child received three consecutive nebulization cycles at
20-minute intervals during the first hour of treatment.
Nebulization was administered using oxygen-driven jet
nebulizers according to institutional protocol. Support-
ive care, including oxygen supplementation, was provid-
ed whenever required.

The study intervention consisted of three consec-
utive nebulization cycles administered during the first
hour of treatment. Following completion of the study
intervention, further management, including broncho-
dilator therapy, corticosteroid administration, oxygen
supplementation, and discharge decisions, was provid-
ed according to the institutional treatment protocol and
at the discretion of the treating pediatrician. No addi-
tional study-specific intervention was administered be-
yond the initial treatment period. Hospital admission
and discharge decisions were made by the treating pe-
diatric team according to institutional clinical protocols
and physician judgment.

Outcome measures

The co-primary outcomes were (1) the change in Pedi-
atric Respiratory Assessment Measure (PRAM) score
from baseline to 60 minutes and (2) the PRAM score
trajectory during the first 60 minutes following initia-
tion of therapy. Secondary outcomes included time to
achieve a PRAM score <4 and duration of hospital stay.
Respiratory rate, heart rate, oxygen saturation, Glasgow
Coma Scale, and need for additional therapy were mon-
itored clinically but were not systematically retained for
detailed secondary analysis.
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Baseline demographic variables such as age and sex
were also recorded. Laboratory parameters including
complete blood count (CBC), eosinophil count, and C-re-
active protein (CRP) were documented. Viral testing was
not performed routinely and was undertaken only when
clinically indicated using nasopharyngeal or throat swab
RT-PCR testing. Therefore, viral identification was avail-
able only for a subset of participants. At presentation, all
eligible children underwent detailed clinical evaluations,
including history taking and physical examination. Base-
line assessment included PRAM score, RR, HR, oxygen
saturation, and GCS. After enrollment and randomiza-
tion, the assigned nebulization regimen was administered.
Participants were reassessed at 20, 40, and 60 minutes af-
ter nebulization using PRAM scores and vital parameters.
Children were subsequently monitored until clinical sta-
bilization and discharge. Data were collected using a stan-
dardized pro forma designed for the study.

Fig. 1. CONSORT flow diagram showing participant
recruitment, randomization, follow-up, and analysis

Statistical analysis

Data were coded and entered into Microsoft Excel and
analyzed using SPSS software version 28 (IBM, Armonk,
NY, USA). Frequencies and percentages were used to
express categorical variables, while mean and standard
deviation were used for continuous variables. Inferen-
tial statistics included the chi-square test and Fisher’s
exact test for categorical variables. For the co-primary
outcomes, the change in PRAM score from baseline to
60 minutes was compared between groups using the in-
dependent samples t-test, whereas the PRAM score tra-
jectory during the first 60 minutes was analyzed using
repeated-measures ANOVA. Post hoc pairwise compar-
isons with Bonferroni correction were performed where
applicable. The p value 0f<0.05 was taken as statistical
significance. No participants were lost to follow-up
during the predefined observation period. Therefore,
no imputation for missing outcome data was required.

Results

A total of 96 children were evaluated for eligibility, with
84 satisfying the inclusion criteria and subsequently
randomized into two equal groups (n=42 each). No par-
ticipants were lost to follow-up, and all randomized par-
ticipants were included in the final analysis.

The baseline demographic and clinical charac-
teristics, treatment response, and outcome measures
were analyzed and compared between the nebulized
budesonide plus salbutamol group and the nebulized
ipratropium bromide plus salbutamol group.

Baseline demographic and clinical characteristics

The mean age was 2.93 years (SD 1.42) in Group A and
3.21 years (SD 1.50) in Group B. Although the distri-
bution across age categories showed some imbalance
between groups despite randomization, the mean ages
were broadly similar. Sex distribution and weight were
also comparable between groups.

All children in both groups had no cyanosis. Chest
radiograph findings, viral profile, and mode of oxygen
supplementation were broadly comparable between the
two groups. Viral testing was available only for a sub-
set of participants because testing was performed when
clinically indicated.

Table 1. Baseline demographic and clinical characteristics
of study participants*

S.No Variable Category Group A Group B
1102 years 6(14.3 %) 10(23.8%)
1 Age group 2to0 3 years 22 (52.4 %) 10(23.8%)
3to 5 years 14(33.3 %) 22 (52.4 %)
In years Mean (SD) 2.93(1.42) 3.21(1.50)
) G Male 16 (48.5%) 17 (51.5%)
ex
Female 26 (51%) 25 (49%)
3 Weight (kg) Mean (SD) 12.3(2.8) 13.6 (3.08)
4 Cyanosis Absent 42 (100%) 42 (100%)
Normal 29 (48.3%) 31(51.7%)
5 Chest x ray —
Hyperinflation 13 (54.2%) 11(45.8%)
Positive 7 (46.7%) 8(53.3%)
6 Throat swab -
Negative 35(50.7%) 34 (49.3%)
Influenza 5(50%) 5(50%)
7 Virus type RSV 2 (40%) 3(60%)
NA 35(50.7%) 34(49.3%)
HFNC 7 (46.7%) 8(53.3%)
8 Oxygen mode -
Simple 02 35(50.7%) 34(49.3%)

* Data are presented as number (%) or mean+SD, HFNC
— high flow nasal cannula, viral testing was performed
only when clinically indicated; percentages are based on
available data

Comparison of PRAM scores at different time intervals
For the first co-primary outcome, baseline PRAM
scores were similar between Group A (6.64+1.428) and
Group B (6.71+1.312; p=0.291). At 20 minutes, PRAM
scores were lower in Group A (5.05+1.67) compared to
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Group B (6.14+1.28; p=0.048). At 40 minutes, PRAM
scores were lower in Group A (3.76+1.68) compared to
Group B (5.76+1.36; p=0.034). At 60 minutes, PRAM
scores were lower in Group A (2.50+1.50) compared to
Group B (5.26+1.43; p=0.038).

PRAM scores decreased more rapidly in Group A
compared to Group B at all post-treatment time points.

Table 2. Comparison of PRAM scores between groups at
different time intervals*

Time point Group A (n=42) Group B (n=42) ]

Baseline 6.64+1.428 6.71£1.312 0.291
20 minutes 5.05+1.667 6.14+1.280 0.048
40 minutes 3.76+1.679 5.76+1.358 0.034
60 minutes 2.50+1.502 5.26+1.432 0.038
Change at 60 minutes  4.14+0.647 1.45+0.889 0.006

* Data are presented as mean+SD

For the second co-primary outcome, repeated mea-
sures ANOVA demonstrated a statistically significant
time x group interaction (p < 0.05) (Fig. 2), indicating
that the reduction in PRAM scores over time differed
between groups.

Fig. 2. Comparison of PRAM scores at different time
intervals

Comparison of time to achieve PRAM<4

The mean time to achieve a PRAM score < 4 was shorter
in group A compared to group B (38.45+3.351 minutes
vs. 52.40 + 3.883 minutes; p=0.011).

Table 3. Comparison of time to achieve PRAM < 4*

Study group N Mean SD p
) Group A 4 38.45 3351
Time to PRAM< 4 0.0m
Group B 4 5240 3.883

* Data are presented as mean+SD

Comparison of duration of hospital stay
The hospital stay was found to be significantly lower in
group A than in group B (2.414+0.2581 vs 3.495+0.2793
days; p=0.007).

Respiratory rate, heart rate, oxygen saturation, and
Glasgow Coma Scale were monitored clinically during

patient management but were not systematically re-
tained for detailed secondary analysis

Table 4. Comparison of duration of hospital stay*

Study group n Mean SD p
. Group A 4 2414 0.2581
Hospital stay days 0.007
Group B 4 3.495 0.2793

* Data are presented as mean+SD

Adbverse events
No adverse events were observed in either group during
the study period.

Discussion

This randomized controlled trial compared two com-
monly used add-on nebulized regimens given with sal-
butamol in children aged 1-5 years presenting with
moderate-to-severe acute exacerbation of wheeze. The
principal finding was that nebulized budesonide plus
salbutamol (group A) was superior to nebulized ipra-
tropium bromide plus salbutamol (group B) for both
co-primary outcomes, namely the change in PRAM
score from baseline to 60 minutes and the PRAM score
trajectory during the first 60 minutes. This was accom-
panied by a shorter time to achieve PRAM <4 and a re-
duced hospital stay.

Baseline comparability between the two groups was
largely acceptable. Although age-group distribution dif-
fered between groups, mean age and baseline PRAM
scores were comparable. Nevertheless, the possibility of
residual confounding related to age cannot be complete-
ly excluded. This age profile is close to preschool wheeze
cohorts studied by Razi et al."* and Razi and Andiran
et al.'"* whereas studies by Upham et al.’* and Wyatt et
al.'s included broader pediatric age groups and there-
fore greater phenotypic heterogeneity. Thus, the present
study reflects a preschool-aged population presenting
with acute wheezing, although wheezing phenotypes
were not systematically characterized. Sex distribution
was balanced, consistent with prior studies.'>* Mean
weight was also comparably similar to other studies.'>*
The absence of cyanosis in both groups further indicates
that the cohort represented moderate-to-severe wheeze
without overt cyanotic respiratory failure, and therefore
the findings are most applicable to this clinical spec-
trum, comparable to other studies.”*!* Chest X-ray find-
ings, throat swab results, virus type, and oxygen support
mode were similar between groups.

Both co-primary outcomes, namely change in
PRAM score from baseline to 60 minutes and PRAM
score trajectory, favored nebulized budesonide. Base-
line PRAM scores were similar, but group A (nebulized
salbutamol and budesonide) showed significantly low-
er PRAM scores at 20, 40 and 60 minutes, with greater
overall reduction at 60 minutes. This indicates a more
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rapid and sustained clinical response with nebulized
budesonide plus salbutamol. These findings are con-
sistent with studies showing benefit from early nebu-
lized budesonide in acute asthma or wheeze. Chen et al.
demonstrated better early lung function recovery and
higher remission rates with high-dose budesonide."”
Razi et al. also reported improved clinical scores and
lower hospitalization rates in preschool children re-
ceiving nebulized budesonide.”® Murphy et al. similarly
concluded that early nebulized budesonide may reduce
symptom severity and hospitalization in children aged
<5 years.” However, not all studies have shown ben-
efit. Upham et al. found no difference in early asthma
score improvement or admission rates,'® and Razi and
Andiran et al. reported no difference in length of stay in
hospitalized wheezing children." These differences may
be due to variations in severity, dosing, and concurrent
systemic corticosteroid use.

The shorter time to achieve PRAM <4 in group A
(nebulized salbutamol and budesonide) is clinically
meaningful because it reflects earlier stabilization and
may reduce repeated nebulization, prolonged monitor-
ing, and escalation of care. This is comparable to find-
ings from Razi et al., who reported shorter discharge
time with budesonide," and Chen et al., who found ear-
lier remission."”” Although ipratropium-containing reg-
imens have shown benefit in some studies, particularly
when compared with salbutamol alone,'**
study suggests that budesonide was superior to ipratro-
pium bromide as an add-on to salbutamol. Neverthe-
less, ipratropium bromide remains an effective adjunct
bronchodilator in acute wheeze and has demonstrated
clinical benefit when combined with salbutamol, partic-
ularly in moderate-to-severe exacerbations.

A further important finding was the significantly
shorter hospital stay in group A. This suggests early im-
provement being translated into a downstream service
benefit. Similar reductions in hospitalization burden
with budesonide have been reported previously,'>'® al-
though some studies did not find a significant length-of-
stay advantage.'*'® These results should be interpreted
with caution due to the limited sample size, single-cen-
ter design, and baseline age distribution imbalance.

All enrolled children were admitted for observation
according to institutional protocol because they present-
ed with moderate or severe wheezing requiring repeated
nebulization. Discharge decisions were based on clini-
cal stability, oxygen independence, adequate oral intake,
and caregiver readiness. Therefore, duration of hospital-
ization may have been influenced not only by clinical
response but also by institutional discharge practices.
Consequently, differences in hospital stay should be in-
terpreted as exploratory findings rather than definitive
measures of treatment efficacy.

the present

Study strengths and limitations

Randomized equal allocation improved internal validi-
ty. The study focused on preschool children, a clinically
important age group with limited comparative evidence.
Serial PRAM scoring at fixed intervals captured early re-
sponse objectively. Clinically relevant outcomes such as
time to PRAM<4 and hospital stay increased practical
applicability to emergency and inpatient pediatric care.

Despite randomization, age-group distribution dif-
fered between treatment groups at baseline. Since young-
er children may have different wheezing phenotypes and
treatment responses compared with older preschool chil-
dren, residual confounding cannot be excluded.

Larger studies with stratified randomization ac-
cording to age are warranted. The study did not system-
atically characterize wheezing phenotypes, including
recurrent wheeze history, atopic status, family history of
asthma, or allergic sensitization. Information regarding
previous hospitalization for wheeze, environmental to-
bacco smoke exposure, fever, and detailed atopic history
was not systematically collected and therefore could not
be analyzed. Therefore, subgroup analyses according to
wheezing phenotype could not be performed, and dif-
ferential treatment responses among specific phenotyp-
ic subgroups cannot be excluded. The sample size was
modest, and the study was conducted in a single center,
limiting generalizability. PRAM scoring may be subject
to observer variation. Although PRAM scoring followed
standardized criteria and assessors received orientation
regarding PRAM assessment, formal assessor certifica-
tion and inter-rater reliability testing were not conduct-
ed. Respiratory rate, heart rate, oxygen saturation, and
Glasgow Coma Scale were monitored clinically but were
not systematically retained for detailed secondary analy-
sis. Systemic corticosteroid administration after the ini-
tial study intervention was not systematically recorded
and may have influenced later outcomes, including du-
ration of hospitalization. Viral categorization was limit-
ed, and the observed reduction in hospital stay may have
reflected institutional discharge practices in addition to
treatment response; therefore, hospital stay should not
be interpreted as a measure of treatment efficacy alone.
Outcome assessors were not blinded to treatment alloca-
tion because of the open-label design. Although PRAM
scoring was performed using standardized criteria and
assessors received orientation regarding PRAM assess-
ment, the open-label design could have influenced sub-
jective clinical assessment, and observer bias cannot be
excluded. Criteria for treatment failure and initiation of
rescue systemic corticosteroids were based on institu-
tional clinical protocols and physician judgment rather
than predefined study-specific criteria.

Although the study achieved the planned sample
size, detailed assumptions underlying the original sam-
ple size calculation, including the expected treatment
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effect and standard deviation, were unavailable from ar-
chived study records. Therefore, the adequacy of statis-
tical power should be interpreted cautiously. Treatment
failure was not predefined as a study outcome. Escala-
tion of therapy was determined by the treating pediatri-
cian according to institutional clinical protocols.

Clinical implications

The findings suggest that nebulized budesonide as an
add-on to salbutamol may provide faster symptom re-
lief, earlier stabilization, and shorter hospitalization in
moderate-to-severe wheeze. This can improve bedside
decision-making, reduce escalation of care, optimize
bed utilization, and lessen caregiver burden. PRAM also
proved useful as a practical monitoring tool in acute set-
tings. The regimen associated with faster PRAM im-
provement and shorter hospital stay may be considered
as an add-on therapy to salbutamol in similar clinical
settings; however, these findings require confirmation
in larger multicenter randomized trials before routine
clinical implementation. PRAM should be monitored at
regular short intervals. Non-responding by 40-60 min-
utes should be reassessed early. Standardized discharge
criteria, oxygen weaning, and correct nebulization tech-
niques should be ensured.

Future directions

Large multicenter randomized trials are needed to con-
firm these findings. Future studies should use stratified
randomization by age and severity, standardize co-in-
terventions, and assess additional outcomes such as
recurrence of wheezing episodes, emergency depart-
ment revisit rates, subsequent systemic corticosteroid
therapy, oxygen weaning time, and cost-effectiveness.
Subgroup analyses according to viral status, atopy, and
recurrent wheeze may improve individualized treat-
ment selection.

Conclusion

In this randomized direct comparison, nebulized
budesonide as an add-on to salbutamol was associated
with greater short-term improvement in PRAM scores
and shorter hospital stay than nebulized ipratropium
bromide as an add-on to salbutamol in children aged 1-5
years presenting with moderate or severe wheezing. Larg-
er multicenter studies with detailed phenotypic charac-
terization of preschool wheezing are needed to confirm
these findings and determine the patient subgroups most
likely to benefit. These findings may help optimize the
acute management of preschool wheeze pending confir-
mation in larger multicenter randomized trials.
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ABSTRACT

Introduction and aim. CCN6, a transcriptional regulator within the CCN family, influences breast tumorigenesis by interacting with
key angiogenic (VEGF-A) and inflammatory (NF-kB p65) pathways. This study establishes simultaneous evaluation of these serum
biomarkers and comparison with CA 15-3 across untreated and treated breast cancer cohorts. This study aimed to evaluate their
serum level and clinicopathological associations to understand their role in tumor progression and potential diagnostic utility.
Material and methods. Serum biomarkers were measured via ELISA in 130 breast cancer patients (56 untreated and 74 treated)
and 50 controls. Demographic and clinical data were collected through questionnaire-based interviews and clinicopathologi-
cal data from medical records.

Results. CCN6 had the greatest effect size (F=1.10), followed by NF-kB p65 (F=0.51) and VEGF-A (F=0.22). The diagnostic effi-
cacy (AUC=0.995; p=0.0001), sensitivity (96%), and specificity (100%) of CCN6 were superior to those of CA15-3 (AUC=0.855)
and NF-kB p65 (AUC=0.813). Logistic regression demonstrated that downregulated CCN6 was inversely associated with disease
outcome (OR=0.440; p=0.0001), whereas elevated NF-kB p65 (OR=1.737) levels increased breast cancer risk.

Conclusion. CCN6 showed promising diagnostic performance and exhibits an inverse association with breast cancer, outper-
forming NF-kB p65 and CA 15-3; these findings underscore CCN6's potential as a preliminary non-invasive diagnostic biomarker.
Keywords. breast cancer, CA 15-3, CCN6, NF-kB p65, VEGF-A

Introduction lignancy,* recent studies have investigated how CCN6

Cellular communication network factor 6 (CCNG6) is a
matricellular protein member of the CCN family, which
comprises six proteins: CCN1 (CYR61), CCN2 (CTGE),
CCN3 (NOV), CCN4 (WISP1), CCN5 (WISP2), and
CCNG6 (WISP3).! These proteins regulate various biologi-
cal processes, including cell proliferation, differentiation,
adhesion, migration, angiogenesis, and tissue repair.?
Particularly, it has been shown that CCN6 maintains the
integrity of epithelial cells by preventing epithelial-mes-
enchymal transition (EMT) and restraining the invasive
phenotype.? Since breast cancer is a highly prevalent ma-

might participate in its development and progression.>®
By downregulating the insulin growth factor-1 (IGF-1)/
insulin growth factor-1 receptor (IGF-1R), Wnt/p-cat-
enin signaling pathway, and phosphoinositide-3 kinase
(PI3K)/protein kinase B (Akt) pathways, CCN6 preserves
the epithelial phenotype and thereby inhibits EMT, which
is one of the main mechanisms through which tumors in-
vade and metastasize.” resulting in reduced proliferation,
differentiation, and motility of cancer cells.” Consequent-
ly, CCN6 downregulation correlates with invasive tumor
behavior and poor prognosis.?
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Concurrent research has investigated vascular en-
dothelial growth factor A (VEGF-A) and nuclear factor
kappa B (NF-«B), two pivotal regulators of angiogenesis,
inflammation, and cancer cell survival.** VEGF-A stim-
ulates endothelial proliferation and vascularization by
VEGEFR-2-activated mitogen-activated protein kinase
(MAPK) and PI3K/Akt pathways, and its expression is
associated with advanced tumor stage and reduced pa-
tient survival.'> NF-«B, particularly its p65 subunit, reg-
ulates the expression of pro-inflammatory, proliferation,
and apoptosis-resistant genes. Persistent NF-kB activa-
tion has been observed in invasive forms of breast can-
cer, where NF-«B stimulates the expression of VEGF-A,
B-cell lymphoma-2 (Bcl-2), and matrix metalloprotein-
ase-9 (MMP-9) to facilitate angiogenesis and invasion."
Conversely, the inhibition of NF-«B activity leads to a
significant decrease in VEGF-A mRNA levels.'

Clinically, CA15-3 is a widely utilized serum tumor
marker in the management of breast cancer due to its role
in diagnosis and prognostication.”® It is secreted from
mucin 1 (MUCI) glycoprotein and serves as a measure
of tumor burden and is useful for disease monitoring and
recurrence detection. However, its decreased sensitivity
in early-stage disease has prompted studies into its use
in combination with other molecular markers to provide
a more effective and comprehensive diagnostic profile.™*

Despite advances in conventional breast cancer
treatments, the molecular heterogeneity of malignan-
cy necessitates the continuous evolution of therapeutic
strategies. While the individual roles of these biomark-
ers are recognized, it remains unknown how their se-
rum levels interact across different breast cancer clinical
states or how a combinatorial panel performs relative to
the standard marker. The single markers fail to capture
the multi-faceted tumor microenvironment; therefore,
the simultaneous evaluation of these four biomarkers
represents a vital advance.

Aim

This study aims to determine the diagnostic potential of
CCN6, VEGE-A, NF-«B p65, and CA 15-3 by comparing
their levels across untreated and treated breast cancer pa-
tients with healthy controls and assess their correlation
with critical clinicopathological factors, which may con-
tribute to a better understanding of the underlying mo-
lecular mechanism and improve early disease detection.

Material and methods

Study design

A cross-sectional study was conducted between Octo-
ber 2024 and June 2025, enrolling 180 women aged 25—
80, as illustrated in Fig. 1. Of these, 130 were patients
with breast cancer diagnosed by an oncologist at the
Oncology Center of Al-Sadr Teaching Hospital in Bas-
rah City, Southern Iraq.

Participants and eligibility

This study involved 180 subjects classified into patient

and control groups. Patients were subdivided based on

their treatment status into two cohorts:

- Untreated group: 56 newly diagnosed patients with
breast cancer aged 25-80 years, 1-12 months post-
-diagnosis, who had yet to receive any treatment
modality.

- Treated group: 74 patients with breast cancer, aged
30-75 years, either currently receiving treatment
or 2-12 years post-treatment. Treatment protocols
varied according to the cancer stage, lymph node
involvement, organ metastasis, and tumor grade,
encompassing radiotherapy; chemotherapy (with
doxorubicin, cyclophosphamide, docetaxel, pacli-
taxel, and carboplatin); hormonal therapy (used for
hormone-positive breast cancer with tamoxifen, le-
trozole, or anastrozole depending on menopausal
status); and HER2-targeted therapy with trastuzu-
mab if HER2 was positive, given with chemotherapy
if indicated; the heterogeneity of these treatment mo-
dalities acknowledged a potential source of biological
variability in biomarkers’ expression. The AJCC Tu-
mor-Node-Metastasis (TNM) classification is used
for breast cancer staging.' This system standardizes
breast cancer treatment and prognosis via stage.

- Control group: 50 healthy female volunteers (hospi-
tal staff, community) matched to the patients’ co-
hort by age and geographical distributions, with no
history of autoimmune, chronic, or genetic diseases
or sickle cell anemia.

Inclusion criteria

- female patients, either newly diagnosed before tre-
atment (untreated group) or previously/actively re-
ceiving treatment (treated group),

- patients with complete histological and laboratory
data,

- patients providing written informed consent.

Exclusion criteria

- pregnant women,

- individuals with psychiatric or cognitive disorders,

- patients aged <25 years,

- patients refusing to provide written informed con-
sent,

- patients with incomplete medical records or mis-
sing clinicopathological data.

Sample and effect size calculation

The total sample size required to conduct this study was
calculated a priori using G*Power version 3.1.9.7 for
a three-group comparison with a medium effect size
(f=0.25), two-tailed testing (a=0.05), and power (1-p)
of 0.80, resulting in a minimum requirement of approx-
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imately 159 total samples. To ensure robust statistical
power, a total of 180 samples were collected.

Data collection

Demographics and clinical data (age, weight, Body Mass
Index [BMI], family history, and menopausal status)
were collected via questionnaire-based interviews. Clin-
icopathological data (disease stage, histological type,
molecular subtype, tumor grade, lymphovascular in-
vasion [LVI], KI-67% proliferation index, CA 15-3, ER,
PR, and HER-2 status) were collected from the oncol-
ogy center’s medical records and electronic laboratory
system. The health assessments were conducted accord-
ing to STORBE guidelines. BMI was computed as the
subject’s weight in kilograms (kg) divided by height in
square meters (m”) and grouped according to the WHO
standards into four groups: underweight (under 18.5
kg/m?), normal weight (18.5-25 kg/m?), overweight
(25-30 kg/m?), and obese (above 30 kg/m?).*® In the sta-
tistical analysis, these categories of BMI were used to es-
tablish any potential association between BMI and the
serum concentrations of the biomarkers under inves-
tigation (CCN6, VEGF-A, NF-kB p65, and CA 15-3)
among the study participants.

Sample collection

Five milliliters of whole blood were collected via veni-
puncture from breast cancer patients during their sched-
uled morning visits to the oncology center following an
overnight fast, either pre-treatment or before chemother-
apy/hormonal therapy cycles, and from healthy controls.
Two milliliters of blood were drawn into purple ethylene-
diaminetetraacetic acid (EDTA) tubes for complete blood
count analysis of hematological parameters. The remain-
ing 3 mL, collected in yellow-colored gel separator tubes,
was permitted to coagulate at ambient temperature and
then centrifuged at 4100 rpm for 4 minutes and stored
in a deep freezer (-80°C). The samples underwent only a
single freeze-thaw cycle before biomarker quantification
and routine laboratory tests assessment.

Routine laboratory tests assessment

Complete blood count test

Hematological parameters were quantified using 2 mil-
liliters of blood collected in EDTA-anticoagulant tubes.
A Sysmex automated hematology analyzer (Sysmex,
Kobe, Japan) was utilized to execute complete blood
counts and quantify white blood cells (WBCs), neutro-
phils, monocytes, lymphocytes, red blood cell (RBC)
counts, and hemoglobin levels.

Enzyme-linked immunosorbent assay (ELISA)

Serum concentrations of CCN6, VEGF-A, and NF-«B
p65 were quantified using commercially available ELI-
SA Kits, following the manufacturer’s instructions. Spe-

cifically, CCN6 was measured using the BT Lab Human
CCN6 ELISA kit (Cat. No. E6409Hu; range: 0.05-30
ng/mL, sensitivity: 0.018 ng/mL). VEGF-A levels were
measured using an Elabscience Human VEGF-A ELI-
SA kit (Cat. No. E-EL-HO0111; range: 31.25-2000 pg/mL,
sensitivity: 18.75 pg/mL). NF-«kB p65 levels were mea-
sured using an Elabscience Human NF-xB p65 ELISA
kit (Cat. No. E-EL-H1388; range: 0.16-10 ng/mL; sen-
sitivity: 0.09 ng/mL). For quality controls, all standards
and samples were tested in duplicates. An ELISA wash-
er (Thermo Scientific, USA) was employed for washing,
and absorbance was recorded at 450 nm using an ELISA
microplate reader (Thermo Scientific, USA). The con-
centrations were calculated from the standard curves.
The inter- and intra-assay coeflicient of variation (CV)
for CCN6 ELISA were <8% and <10%, respectively; for
NF-«kB p65, (6.09-8.5%) and (6.55-6.83%), respective-
ly; and for VEGF-A, (6.61-8.27%) and (4.92-6.95%), re-
spectively. Laboratory blinding was enforced during the
biomarker assessment to alleviate the information bias.

Statistical analysis

IBM SPSS Statistics, version 31 (SPSS Inc., Chicago, IL,
USA), was used for data analysis, while graphs were
plotted using GraphPad Prism, version 8.0.1 (Graph-
Pad Software, San Diego, CA, USA). Continuous vari-
ables are presented as meanztstandard deviation (SD).
Categorical variables were presented as frequencies and
percentages extracted from the chi-square and Fisher’s
exact tests. Shapiro-Wilk and Kolmogorov-Smirnov
tests were used for the normality test. The Kruskal-
Wallis test with Dunn’s post-hoc test was used for the
three-group comparison. Spearman’s correlation anal-
ysis was performed to assess associations. Bonferroni
correction was applied following multiple comparisons
and correlations to adjust the significance threshold and
minimize the risk of type 1 errors. Diagnostic perfor-
mance of the serum biomarkers was evaluated by ROC
curve analysis, and the AUC, optimal cut-offs, sensitiv-
ity, specificity, and accuracy were calculated. The cutoft
points were assessed by the Youden index. Univariate
binary logistic regression was used to identify indepen-
dent risk factors of breast cancer, followed by multivari-
ate binary logistic regression. To avoid the confounding
influence of the therapeutic interventions, the previous-
ly mentioned analyses were purposefully restricted to
the untreated group versus healthy controls. Statistical
significance was set at p<0.05.

Results

Patients’ demographic and histopathologic characteristics
The study cohort comprised 180 participants, cate-
gorized into three groups: untreated patients (n=56),
treated patients (n=74), and healthy controls (n=50).
Patients’ demographic and histopathologic characteris-
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Fig. 1. Flow diagram of participant selection and enrollment in the study

tics are detailed in Table 1. The analysis confirmed that
age, BMI, and family history were statistically balanced
across the patient groups (p>0.05). The majority of pa-
tients in both groups were aged between 40-55 years,
overweight (BMI>25 kg/m?), and had a negative fami-
ly history. However, a significant disparity was observed
in the menopausal status (p=0.0001), with peri-meno-
pausal status being the predominant status in the treat-
ed group (55.4%), whereas patients were more evenly
distributed between pre- (39.3%) and post-menopausal
(35.7%) statuses in the untreated group.

The treated patients presented with more aggres-
sive disease features characterized by a higher frequen-
cy of grade III tumors (63.5%), while grade II was more
prevalent in the untreated group (57.1%), p=0.010.
Furthermore, tumor invasiveness varied significantly
(p=0.032), though invasive disease was predominant in
both groups (100% of treated and 92.9% of untreated
patients). Histological subtypes showed significant vari-
ation (p=0.008), with invasive ductal carcinoma, no spe-
cific type (IDC NST), being the prevalent subtype across
both groups. Other clinicopathological characteristics,
including LVI, disease stage, hormone receptor status
(ER, PR), HER-2 status, and molecular subtypes, did
not differ significantly between the untreated and treat-
ed cohorts (p>0.05). Stage II accounted for the highest
proportion of cases in both groups. Immunohistochem-
ical profiling indicated that estrogen and progesterone
receptor positivity was predominant in both groups,
whereas HER-2 receptor negativity was more frequent.

Consequently, luminal B was the most prevalent sub-
type in the untreated group (39.3%), compared to the
treated group, which represents equal proportions of
both luminal A and B (36.5% each).

Surgical interventions differed significantly be-
tween the two groups (p=0.0001), with most untreated
patients enrolled before the surgery. Nearly all the treat-
ed patients underwent surgical resection, accounting for
97.3% of the cases. Similarly, the treatment protocol dis-
tributions were highly significant (p=0.0001), as all the
untreated patients were enrolled prior to the initiation
of therapeutic interventions, while the majority of treat-
ed patients (79.7%) had received a combination thera-
py consisting of chemotherapy, radiation, and hormonal
therapy; alternative combination types were presented
less frequently within the group.

Table 1. Demographic, anthropometric, and
histopathological characteristics of breast cancer patients*

Age, n (%)

<40 13(23.2) 9(12.2)

40-55 23(41.1) 42(56.8) 0.130
>55 20(35.7) 23(31.7)

Mean + SD 49.8+11.6 52+9.69 0.347
Body mass index, n (%)

Under weight 10(17.9) 16(21.6)

Normal weight 15(26.8) 28(37.8) 0235
Overweight 31(55.4) 30 (40.5)

Obese 10(17.9) 16 (21.6)

Family history, n (%)

Positive 10(17.9) 13(17.6)

0.966
Negative 46 (82.1) 61(82.4)
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Menopausal status, n (%)

Pre-menopausal 22(39.3) 9(12.2)
Perimenopausal 14(25) 41(55.4) 0.0001
Post-menopausal 20(35.7) 24 (32.4)
Disease stage, n (%)
Stage 0 (DCIS) 2(3.6) 0
Stage | 8(143) 10(14.9)
Stage ll 26 (46.4) 27 (36.5) 0313
Stage Il 12(21.4) 20(27)
Stage IV 8(143) 16(21.6)
Tumor grade, n (%)
| 2(3.6) 0
1 32(57.1) 27 (36.5) 0.010
1l 22(39.3) 47 (63.5)
Lymphovascular invasion, n (%)
Present 18(32.1) 13(17.6)
0.063
Not identified 38(67.9) 61(82.4)
Tumor invasiveness, n (%)
Noninvasive 4(7.1) 0
- 0.032
Invasive 52(92.9) 74(100)
Histological type, n (%)
Ductal carcinoma in situ 4(7.1) 0
Invasive ductal carcinoma 45(80.4) 70 (94.6)
Invasive lobular carcinoma 6(10.7) 2(2.7) 0.008
Mixed invasive carcinoma 0 2(2.7)
Invasive metaplastic carcinoma 1(1.8) 0
Hormone receptor, n (%)
Estrogen receptor status
Positive 40(71.4) 54(73)
- 0.846
Negative 16 (28.6) 20(27)
Progesterone receptor status, n (%)
Positive 38(67.9) 52(70.3)
- 0.848
Negative 18 (32.1) 22(29.7)
HER-2 status, n (%)
Positive 10(17.9) 14(18.9)
- 0.986
Negative 46 (82.1) 60 (81.1)
Molecular subtype, n (%)
Luminal A 18(32.1) 27 (36.5)
Luminal B 22(39.3) 27 (36.5)
- 0.556
HER-2 enriched 6(10.7) 12(16.2)
Triple negative 10(17.9) 8(10.8)
Surgical intervention, n (%)
Yes 12(21.4) 72(97.3)
0.0001
No 44(78.6) 212.7)
Treatment protocol, n (%)
No treatment 56 (100) 0
Chemotherapy+hormonal 0 1(1.4)
E:emot:erapyﬂag!atfon 0 12(16.2) 00001
emotherapy-+radiation+ 0 59(797)
hormonal therapy
Radiation+-hormonal therapy 0 2(2.7)

* Differences were considered statistically significant
at a two-tailed p-value of p<0.05; statistical analysis

was conducted using the chi-square test with variables

represented as frequency and percentage (n, %); DCIS -

ductal carcinoma in situ; n - number; % — percentage; SD

- standard deviation

Comparative analysis of demographic, hematological,
and biochemical characteristics

Table 2 exhibited no significant differences in age
(p=0.107) and BMI (p=0.117) among the three groups.
The average age was (49.8+11.6) years for the untreated
group, (5249.69 years) for the treated, and (48.6+10.9
years) for the healthy control. The untreated group
had a slightly elevated BMI compared with treated and
healthy controls (30.5£5.6 vs. 30.1+5.85 and 28.6+3.42
kg/m?). Significant physiological and hematological al-
terations were observed; healthy controls demonstrat-
ed significantly higher RBCs (4.53+0.38 x 10'*/L) and
HB (126£10.3 g/L) compared to both patient groups
(p=0.0001).

Untreated patients revealed significantly elevat-
ed WBC and neutrophil counts (7.16+1.63x10°/L and
4.53+1.08 x 10°/L, p=0.0001) relative to the treated and
control groups. Furthermore, significant variations were
observed in the neutrophil-to-lymphocyte ratio (NLR)
and lymphocyte-to-monocyte ratio (LMR) across all
groups (p=0.0001), with healthy controls exhibiting the
highest LMR (5.5742.54) and lowest NLR (1.79+0.96)
ratios. No significant differences were observed in the
platelet counts between the groups.

Table 2. Comparative analysis of demographic data,
hematological, and biochemical markers among untreated
patients, treated patients, and healthy controls

Total patients n =130 Healthy control

Parameter
Untreated (n=56) Treated (n=74) (n=50)
Age (year) 49.8+11.6 5249.69 48.6+10.9 0.107
BMI (kg/mz) 30.5£5.6 30.1£5.85 28.6+3.42 0.117
HB (g/L) 117.82+23.66 117.0+14.6 126.0+10.3 0.0001
RBC x 10'%/L 43+0.78 4.17+0.6 4.53+0.4 0.0001
HCT (L/L) 0.35+0.07 0.35+0.04 0.37+0.024 0.014
MCV (fL) 79.68+13.23 84.13£12.65 83.61+4.28 0.071
MCHC (g/L) 327.57+12.63 331.09+15.87 333.26%16.95 0.051
WBC x 10°/L 7.16+1.63 5.98+2.19 6.04+1.57 0.0001
NEU x10°/L 4.53+1.08 3.55+1.76 3.37+£1.27 0.0001
LYM x10°/L 1.98+0.72 1.68+0.68 2.07+0.64 0.009
MONO x10°/L 0.47£0.19 0.62+0.38 0.42+0.16 0.006
LMR 4.78+2.79 3.55+2.34 5.57+2.54 0.0001
NLR 2.51+0.89 2.51£1.07 1.79+0.96 0.0001
PLT X 10°/L 270.60+69.02  263.77+£108.47  268.06+54.17 0.153

* Data are represented as mean=SD. Differences were
considered statistically significant at a two-tailed p-value
of p < 0.05; the differences in means between the groups
were assessed using the Kruskal-Wallis test, Bonferroni
correction-adjusted p-value (p<0.002), WBC - white

blood cells, MCV - mean corpuscular volume, MCHC

- mean corpuscular hemoglobin concentration, NEU —
neutrophils, LYM - lymphocytes, MONO - monocytes, LMR
- lymphocytes to monocytes ratio, NLR — neutrophils to
lymphocytes ratio
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To evaluate the impact of the treatment and remis-
sion time on the parameter level, the treated group was
stratified into three subgroups depending on the time
since treatment. The comparative analysis revealed no
significant variations in the biomarker levels between
patients in active treatment and those with short- and
long-term remission times (p>0.1). The correlation
analysis further confirmed that the elapsed time since
treatment did not significantly impact the biomarker
levels (rho<0.200, p>0.1).

Comparative analysis of serum immunological bio-
markers between patients and healthy controls

The serum levels of CCN6, VEGF-A, and NF-kB p65
demonstrated significant variations (Table 3). The con-
trol group exhibited significantly elevated CCNG6 levels
(19.9246.92 ug/L) in comparison with both untreat-
ed (2.04+0.17 pg/L) and treated groups (3.58+1.22
pg/L), P=0.0001, showing a very large effect size (Co-
hen’s f=1.10) and 100% statistical power. Conversely,
VEGF-A levels were significantly elevated in the un-
treated group (157.28+83.55 ng/L), Figure 2, compared
to both the treated and control groups, P=0.013, with a
small effect size (Cohen’s f=0.22 and 74% power. Simi-
larly, NF-kB p65 levels demonstrated significant eleva-
tion in the untreated group (6.85+1.86 ug/L) relative to
the other groups (P=0.0001), yielding a large effect size
(Cohen’s f=0.51) and 99% power.

Table 3. Comparative analysis of serum immunological
biomarkers among untreated, treated patients and healthy

controls*
Total patients, n=130 Healthy
Parameter Untreated control p e (F) Power
(n=56) Treated (n=74) (n=50)
CCN6 (/L) 12044017 1358+£1.22 19924692 0.0001 0.55 1.10 100%

VEGF-A(ng/L)  1157.28+83.55 | 136.09+60.37 143.56+30.29 0.013 0.04 0.22 74%
NF-kBp65 (ug/L) 1685£1.86 | 568+132  278£0.90 0.0001 0.20 0.51 99%
* Data are represented as mean+SD; differences were

considered statistically significant at a two-tailed p-value of
p<0.05, the differences in means between the groups were
assessed using the Kruskal-Wallis test

Bonferroni correction (adjusted p<0.016), H - Kru-
skal-Wallis statistic, F — Cohen’s effect size, CCN6 - hu-
man WNT1-inducible-signaling pathway protein 3,
VEGEF-A - vascular endothelial growth factor A, NF-«kB
p65 - nuclear factor NF-kappa-B p65 subunit

Association serum levels of CCN6, NF-kB P65, VEGF-A,
and CA15 with disease stages

In the untreated patients, disease stages significantly cor-
related with circulating biomarker levels (Fig. 3 and 4).
Following the application of the Bonferroni correction
(adjusted P=0.008), CCNG6 levels were not significantly
varied across stages in the untreated (p=0.040), peaking
in stage IV (3.73£0.51 pg/L). In the treated group, the
variation was also non-significant (p=0.037), and the
highest levels were in stage II (5.34+1.06 pg/L). CA15-
3 levels showed significant stage-dependent upregu-
lation in the untreated and treated groups (P=0.0001
and P=0.002, respectively), reaching maximum levels
in advanced-stage disease (IV) (122.49+23.39 U/mL
and 50.94+10.9 U/mL, respectively). VEGF-A and NF-
kBp65 concentrations increased with advancing disease
stages in the untreated group, but these variations were
not statistically significant in the untreated (p=0.347 and
p=0.087, respectively) and the treated group (p=0.0.25
and p=0.181, respectively).

Note: The following tests were performed utilizing the
untreated patient cohort.

Assessment of Spearman correlation

The correlation analysis of immunological biomark-
ers within the untreated group is presented in Table 4.
Following the application of the Bonferroni correction
(adjusted threshold p<0.0125), there was a significant
negative correlation between CCN6 and several mark-
ers of disease progression, including NF-«kB P65 (rho=-
0.316, p=0.0001) and CA15-3 (rho=-0.499, p=0.0001).
No significant relationship could be found between the
levels of CCN6 and those of VEGF-A and KI-67. The
level of CA15-3 was positively correlated with NF-«xB

Fig. 2. Scatter plot for the comparative distribution of serum immunological biomarkers among untreated, treated, and

healthy controls
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Fig. 3. Association of serum levels of CCN6, NF-kB P65, VEGF-A, and CA15 with disease stages in the untreated group (*- p<0.05,
** — p<0.01, ns: non-significant>0.05), the differences in means between the groups were assessed using the Kruskal-Wallis test

P65 (rho=0.231, p=0.002) and VEGF-A (rho=0.420,
p=0.001). Furthermore, a synergistic correlation was
observed between NF-kB P65 and VEGF-A (rho=-
0.194, p=0.009).

Table 4. Spearman correlation analysis among serum
immunological biomarkers*

. Spearman 95% Cl .
Variables . — Interpretation
correlation (r) Lower Upper
CCN6 vs NF-KB p65 <0316  0.0001* -0.445 -0.174 Significant moderate
negative correlation
CCN6 vs. VEGF-A -0.073] 0.593 -0.337 0.201 No correlation/No
significant association
(N6 vs. CAT15-3 -0.499 | 0.0001* -0.582 -0.069 Significant moderate
negative correlation
CCN6 vs. Ki-67% -0.214 | 0.014 -0.377 -0.039 Significant weak

negative correlation
CA15-3 vs. VEGF-A +0.4201  0.001* 0.169 0.620 Significant moderate
positive correlation
VEGF-A vs NF-B p65 01941  0.009* -0.335 -0.045 Significant weak
negative correlation
NF-kBp65vs. CA15-3  +0.2317  0.002* 0.083 0.368 Significant moderate
positive correlation

* A _ Correlation is significant at the 0.01 level (2-tailed)

Further analysis was conducted with demographic
and clinicopathological features with Bonferroni cor-
rection p<0.01. As shown in Table 5, downregulated
CCNG6 was negatively associated with tumor grade. In

Table 5. Spearman correlation analysis between
immunological biomarkers, pathological and histological
features, and age*

Variables Spean.nan _ ska Interpretation
Correlation (r) Lower Upper
(CN6 vs. age -0.081 | 0.55 -0.320 0.179 No correlation/No
significant association
CCN6 vs BMI 0.205 1 0.13 -0.065 0.467 Weak positive, non-
significant correlation
CCN6 vs. tumor grade -0.173 ] 0.049 -0.339 0.005 No correlation/No
significant association
VEGF-Avs. age 0136 031 -0.438 0.166 Weak negative, non-
significant correlation
VEGF-A vs. BMI 0.049 | 072 -0.245 0323 No correlation/No
significant association
VEGF-Avs.tumorgrade ~ 0.1791  0.042 0.002 0.345 No correlation/No
significant association
NF-kB p65 vs. age -0.155] 026 -0.411 0.118 Weak negative, non-
significant correlation
NF-kB P65 vs. BMI -0.088 | 0.52 -0.347 0.175 No correlation/No
significant association
NF-KB P65 vs. tumor 01811  0.009* 0.036 0375 Significant weak
grade positive correlation
CA15-3 vs. age <0051 071 -033 0.233 No correlation/No
significant association
CA15-3 vs. BMI 0.013) 093 -0.28 0.282 No correlation/No
significant association
CA15-3 vs. tumor stage 03431 0.0001* 0.176 0.490 Significant moderate
positive correlation

* & _ Correlation is significant at the 0.01 level (2-tailed)
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Fig. 4. Association of serum levels of CCN6, NFKB-p65, VEGF-A, and CA15 with disease stages in the treated groups (*- p<0.05,
**_p<0.01, ns: non-significant >0.05); the differences in means between the groups were assessed using the Kruskal-Wallis test

contrast, the elevation of NF-kBP65 was positively asso-
ciated with tumor grade (rho=0.181, p=0.009). Further-
more, CA 15-3 levels correlated positively with tumor
stage (rho=0.343, p=0.0001). Finally, the correlations
analysis between the immunological parameters and
both age and BMI revealed weak and negative associa-
tions, which were not statistically significant.

Receiver operating characteristic of biomarkers’ diag-
nostic performance

The receiver operating characteristic (ROC) curve tech-
nique was employed to evaluate the diagnostic poten-
tial of serum biomarkers. As illustrated in the individual
ROC curves (Fig. 5 and Table 6), CCN6 exhibited the
highest value (AUC=0.995, p=0.0001). With a cutoff of
9.5 pg/L (Table 7), CCN6 achieved 96% sensitivity and
100% specificity, with 98.1% TAR and 1.9% TMR, out-
performing the traditional conventional biomarker CA
15-3 (AUC=0.855) and NF-kBP65 (AUC=0.813). At cut-
off of 18.32 U/mL, CA15-3 had a sensitivity of 69.2%, a
specificity of 90%, a 79.4% TAR, and a misclassification
rate (TMR) of 20.6%. While NF-xB P65 (cut-off: 4.25
pg/L) demonstrated moderate levels of sensitivity and
specificity at 75% and 80%, respectively, it resulted in a
total agreement rate of 77.4% and a misclassification rate
of 22.6%. VEGEF-A has the lowest AUC of 0.558; with a
cut-off value of 126.8 ng/L, VEGF-A exhibited low sen-

sitivity (50%) but moderate specificity (78%), resulting
in an undesirable TAR (63.21%). Internal validation by
bootstrapping was conducted to assess the stability of the
model; the bootstrap-corrected AUC of CCN6 remains
consistent at 0.995 (95% CI: 0.990-1.00), minimizing the
likelihood of overfitting.

Table 6. Receiver operating characteristic analysis for
biomarkers’ diagnostic performance*

i i 95% Confidence interval
I).lagnosnc AUC  Std. Error p L
Biomarkers Lower bond Upper bound
(NG (ug/L) 0995 0007  0.0001**  0.982 1

VEGF-A (ng/L) 0.558 0.056 0.321 0.444 0.672

NF-kBP65 (pg/L) 0.813¢ 0.041  0.0001**  0.732 0.894
CA15-3 (U/mL) 0.855 0.038  0.0001**  0.795 0.935

*The null hypothesis true area is 0.5, ** — the p was
significant at 0.01, 2 —highest AUC value, ®< - moderate
AUC value, AUC - area under the curve

Binary logistic regression model

Individual univariate logistic regression models were
evaluated for each biomarker to examine their associ-
ation with breast cancer presence. As shown in Table
8, part 1, the model revealed that CCN6 demonstrated
the strongest association with the outcome, explaining
95.4% of the variance (x*=130, p<0.001, R*,_0.954) with
a low information criterion (AIC=20.9, BIC=26.2). The
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Fig. 5. ROC curve analysis for biomarkers’ diagnostic performance

multivariate binary logistic regression model was con-
ducted to assess the predictive power of the biomark-
ers. Both NF-xB P65 and CA15-3 also demonstrated
significant model fit (RN = 0.407 and R®N = 0.534, re-
spectively). Conversely, VEGF-A failed to establish a
significant individual fit (R°N = 0.016).

Table 7. Sensitivity, specificity, positive predictive value,
negative predictive value, total agreement rate, and total
misclassification rate of serum biomarkers for the diagnosis
of breast cancer patients*

Diagnostic biomarkers Optimal cut-off Sensitivity % Specificity % TAR% TMR%

CCNG6 (ug/L) 9.5 96 100 981 19

VEGF-A (ng/L) 126.8 50 78 63.21 36.79
NF-kB p65 (pg/L) 4.25 75 80 774 226
CA-153 (U/mL) 18.32 69.2 90 794 206

kB p65 and VEGF-A results were not significant in the
multivariate setup (p>0.2).

Table 8. Binary logistic regression analysis and model fit
diagnostics of tumor-related factors associated with breast
cancer status*

Part 1. Models fit measures

Univariate model fit Overall model test

Predictor AIC  BIC RMF RN ¥ df p

(CN6 (ug/L) 209 262 088 094 130 1 00001
VEGF-A (ng/L) 149 155 0.0084 0.016 1.24 1 0.266
NF-KB 65 (g/L) M2 17 0236 0407 385 1 00001
CA-153 (U/mL) 96.4 102 0370 0534 542 1 0.0001

Overall multivariate model fit*
216 323 0907 0954 133 3 0.0001

*TAR - total agreement rate, TMR - total misclassification rate

The multivariate model was subsequently conducted to
evaluate the combined association of the biomarkers,
which excluded CA 15-3, as shown in Table 8, Part 2.
The overall multivariate model demonstrated excellent
data fit, explaining 95.4% of the variance in the outcome
(R?,,;=0.907,R?,_0.954). The overall test confirmed that
the combined model was highly significant (x*=133,
df=3, p<0.001). The multivariable model yielded supe-
rior information criteria scores (AIC=21.6, BIC=32.3)
compared to the individual model test. Within this final
model, CCN6 maintained its significant inverse associ-
ation with the outcome (B=-0.834, adjusted OR=0.434,
95% CI=0.243-0.755, p=0.005). In contrast, both NF-

Part 2. Model coefficients

Univariate coefficients Multivariate coefficients
Predictor
B AdjustedOR(95%C) p B OR(95% (1) ]
(CN6 (ug/L) -0.821 0.440(0.276-0.702) 0.0001 -0.834 0.434(0.243-0.755) 0.005

VEGF-A(ng/L) ~ 0.0034 1.003(0.997-1.01) 0.276 0.0068 1.007(0.990-1.024) 0.427
NF-kBp65 (pg/L) 0552 1.737(1.336-2.21)  0.0001 037 1.454(0.743-2.244) 0.274
CA-153(U/mL) 0175  1.19(1.001-1.29)  0.0001 ---—- —

Constant 3.505 33.294(0.167-6654) 0.195
* CA 15-3 was excluded from the multivariate model. Note:
models estimated using a sample size of 106 (56 untreated
patients and 50 healthy controls), AIC - Akaike Information

Criterion, BIC - Bayesian Information Criterion, R*McF
— McFadden’s R-squared, R°N — Negelkerke R-squared,
X’ - Chi-squared, df - degree of freedom, B - log odds
coefficients, OR — odds ratio, Cl - confidence interval
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Discussion

Breast cancer is known to be the most prevalent form
of cancer and one of the leading causes of cancer-relat-
ed mortality among women. This necessitates the iden-
tification of precise biomarkers that could help in early
detection and serve as potential targets for restoration
therapy. While the traditional biomarkers, like CA15-3,
remain clinical staples, their limited sensitivity and
specificity in early-stage disease emphasize the necessi-
ty of a more comprehensive molecular panel. This study
provides a multifaceted evaluation of CCN6, VEGF-A,
NF-kBp65, and CA 15-3, illustrating their significant
roles in the systemic landscape of breast cancer and
their potential as promising diagnostic tools.

A pivotal finding of this study is the drastic downreg-
ulation of CCNG6 in breast cancer patients, which exhib-
ited a remarkably large effect size. As this matricellular
protein is essential for maintaining epithelial integrity, its
loss is associated with epithelial-to-mesenchymal transi-
tion (EMT) and tumor invasion.'” Our data align with the
significant negative correlation between CCN6 expres-
sion and aggressive features, such as tumor grade, the Ki-
67 proliferation index, and CA 15-3 levels. Additionally,
the significant inverse correlation between CCN6 and the
pro-tumorigenic factor NF-kBp65 suggests that reduced
CCNG levels may be associated with increased activation
of the NF-kB pathway, potentially reflecting the antago-
nistic regulatory role of CCN6 in modulating inflamma-
tory and proliferative pathways.'®

The biomarker profiles in the treated patients were
not expected to normalize to healthy control base-
lines. The persistence of inflammatory (NF-kB p65)
and tumor burden (CA 15-3) markers may reflect the
complex interplay of the pharmacological and microen-
vironmental factors rather than active disease. Systemic
chemotherapy has been shown to induce off-target cyto-
toxicity and systemic inflammation, which may sustain
NEF-«B activation. Furthermore, the massive therapy-in-
duced cellular apoptosis and tissue remodeling may
continuously shed the intracellular signaling proteins
into the bloodstream."” The most compelling finding of
this study is the exceptional diagnostic performance of
CCNG6. These findings suggest that CCN6 may serve as
a robust diagnostic biomarker, but they should be inter-
preted critically. The diagnostic accuracy may be subject
to overestimation due to single-center design and the
inherent characteristics of a cross-sectional case-control
cohort, which can produce artificial disease prevalence
and potential overfitting. These findings are considered
preliminary and require rigorous validation in larger
multicenter external cohorts. Consequently, the large
negative regression coefficient suggests that further
large-scale multicenter prospective histological studies
are needed to understand the molecular role of CCN6
in the tumor microenvironment.

VEGF-A is an important pro-angiogenic fac-
tor, which promotes vascular growth and permeabil-
ity, facilitating tumor expansion and metastases.” In
the present study, serum VEGF-A levels were elevat-
ed in the untreated group and exhibited a recent cor-
relation with tumor grade, suggesting its potential role
as a disease-promoting factor, consistent with a previ-
ous study.” Furthermore, the positive correlation be-
tween VEGF-A and CA15-3 may reflect a concurrent
advancement of VEGF-A-mediated neovascularization
and tumor burden (reflected by CA15-3) during tu-
mor progression.” This is practically relevant under hy-
poxic conditions, where high VEGF-A expression may
promote tumor cell survival and correlate well with the
microvessel density and adverse clinical outcomes.?
However, despite its biological importance, our findings
underscore the limited sensitivity and diagnostic utility
of VEGF-A due to its non-specific elevation in various
inflammatory and non-malignant conditions. In oppo-
sition to our findings, a previous study by Zajkowska et
al. identified VEGF-A as a highly promising candidate
for cancer diagnosis (particularly in the early stages).?

NF-«B is a master transcriptional factor in inflamma-
tion and cell survival, facilitating tumor growth by pro-
moting cell proliferation, angiogenesis, and resistance to
apoptosis.® The elevation of NF-kBp65 in untreated pa-
tients may reflect its association with tumor survival and
metastatic potential. This is further evidenced by the pos-
itive association between NF-kBp65 and tumor grade,
corroborating the notion that its activation is associat-
ed with increased disease severity. Furthermore, the
high odds ratios (OR) for NF-kBp65 suggest a central
role in the inflammatory and angiogenic signaling path-
ways essential for tumor initiation and progression. Its
modest diagnostic accuracy and strong association with
cancer risk (OR) suggest it may act as a risk-promoting
factor in carcinogenesis. These findings align with a re-
cent study by Barnes et al., who reported the association
of NF-«xB with tumor grade and its high diagnostic accu-
racy by breast cancer molecular subtypes.”

Moderate diagnostic performance and weaker risk
association (OR) were observed for CA15-3, consis-
tent with Sekacheva et al’s study* who mentioned that
while CA15-3 lacks sufficient sensitivity for early diag-
nosis, it remains useful in monitoring disease relapses
and treatment response. Suggesting that CA15-3 mir-
rors the tumor burden, rather than the early molecu-
lar events of carcinogenesis. Despite the heterogeneity
of the treated group (2-12 years post-treatment). The
treated subgroup analysis yielded no significant varia-
tions of CCN6, VEGF-A, and NF-kB p65 between the
recent and long-term remissions. This lack of significant
association indicates that these biomarkers may reach
a sustained biological plateau following therapeutic in-
terventions.



Evaluation of serum CCN6, VEGF-A, and NF-kB p65 and their clinicopathological correlations in breast cancer 531

Notably, differences in the menopausal status be-
tween treated and untreated patients were identified; the
treated group consisted primarily of peri-menopaus-
al women, while the untreated group had a more even
distribution of pre-menopausal and post-menopausal
women. These findings suggest a potential interaction
between metabolic and hormonal elements in the pro-
gression of breast cancer. Consequently, breast cancer is
more common in aggressive presentations in younger
patients, leading to worse outcomes and aggressive sub-
types, including triple-negative breast cancer.?”

The frequency of poor (grade III) and moderate
(grade II) differentiation is consistent with clinical guide-
lines showing low 10-year survival for high-grade tumors
compared to low-grade tumors.?® The prognosis de-
pends on the treatment modality. Multimodal treatment,
which includes surgery, chemotherapy, radiotherapy, and
hormonal therapy, remains the gold standard, leading to
significant improvements in patients’ overall survival.
Studies nowadays are focused on the molecular basis of
breast cancer so that novel diagnostic and treatment ap-
proaches can be applied to achieve better patient control
and conquer drug resistance-related mechanisms.”

The analysis revealed reduced levels of RBCs, Hb,
and HCT in breast cancer patients, which are consis-
tent with anemia of chronic disease or myelosuppres-
sion due to chemotherapy. This finding confirms the
study by Muthanna et al.”® The elevated WBCs and neu-
trophils with low lymphocytes and LMR are indicative
of systemic inflammation associated with active diseas-
es. A previous study found that low NLR is associated
with a good pathological response after neoadjuvant
chemotherapy.’ The stage-wise analysis of biomarkers
in untreated and treated patients provides additional
nuance. Serum CCNG6 levels in untreated patients ex-
hibited stage-dependent variability, peaking in stage IV.
This re-emergence in advanced metastatic disease may
represent a compensatory cellular response to vigorous
extracellular matrix remodeling or a systemic release
during tumor-associated necrosis. Concurrently, pro-
gressive elevation of VEGF-A, NF-kBp65, and CA 15-3
implies increased angiogenic activity and inflammatory
activity, as well as tumor proliferation. An increase in
VEGF-A is associated with its established role in facili-
tating neovascularization that is required for metastat-
ic spread.”” Its upregulation during the different stages
of tumor progression suggests that it might thus be an
intriguing candidate for tumor progression monitor-
ing or anti-angiogenic treatment response assessment.
These findings are consistent with previous reports by
Al-Rubaye et al., who reported that VEGF-A levels were
significantly high in advanced-stage breast cancer.”

The stepwise increase in CA 15-3 levels with advanc-
ing stage aligns with its well-known function as a marker
for tumor burden and metastasis, corroborating the ob-

servation of a recent study by Li et al., where rising CA
15-3 concentrations characterize advanced and metastat-
ic breast cancer, which is associated with poor progno-
sis.* This is further evidenced by the significant positive
correlation of CA 15-3 levels with tumor stage.* Treat-
ed patients had a decline in serum CCN6, VEGF-A, and
NEF-kB P65. Their stage-specific expression suggests a bi-
ological regulation of angiogenic and inflammatory path-
ways. Specifically, pharmacological inhibition of NF-«xB
P65 may reduce VEGF expression, thereby potentially in-
hibiting pathological vascularization.**> However, serum
levels of CA 15-3 remained elevated, which coincides
with Kim et al’s previous study, who observed that this
marker may remain elevated after treatment due to resid-
ual tumor activity.*® Collectively, our findings underscore
a significant association between the immunological bio-
markers, reflecting a molecular profile where CCN6 de-
pletion coincides with NF-kB and VEGEF-A elevation,
suggesting a coordinated expression pattern linked to in-
flammation and angiogenesis. Therefore, their tracking as
a multi-biomarker panel could enhance disease staging
accuracy and even improve prognostic determination in
breast cancer treatment.

The lack of significant correlations of age and BMI
with the biomarkers suggests that immunological and
angiogenic alterations observed are disease-driven rath-
er than age or weight-dependent. It has also been es-
tablished that VEGF-A and CCN proteins are more
influenced by disease biology.>*” NF-kB has been relat-
ed to inflammatory pathways associated with aging, but
primarily chronic diseases, rather than normal aging.*®
Reports indicate that CA 15-3 levels do not depend on
age or reproductive factors among normal women, as
well as patients with breast cancer.”

This study possesses several strengths, including its
novel focus on CCNG6, a poorly investigated member of
the CCN protein family that could serve as a promis-
ing novel biomarker for breast cancer. The simultane-
ous study of CCN6 with VEGF-A, NF-kB p65, and the
classic marker CA15-3 offers a comprehensive molecu-
lar and clinical perspective.

Study limitations

Nevertheless, the study has several limitations. First, the
moderate sample size and single-center execution, com-
bined with the absence of an external validation set, re-
strict the generalizability of the results. Second, the lack
of benign breast disease control groups limits the ability
to fully evaluate biomarker specificity. Third, our study
design precludes the evaluation of long-term clinical
outcomes, such as survival and recurrence rates, and
prevents the calculation of real-world predictive values
(PPV, NPV). Finally, the heterogeneity of the treated
group may introduce a confounding variable when eval-
uating the post-treatment biomarker levels. We suggest
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subsequent multicenter prospective validation studies
involving larger populations to corroborate and extend
these findings.

Conclusion

This study highlights the roles of the CCN6, NF-«B
p65, VEGF-A, and CA15-3 proteins as potential non-
invasive diagnostic tools. The sensitivity and specificity
of CCNG6 are superior to those of other biomarkers for
distinguishing patients with breast cancer from healthy
controls, whereas the oncogenic role of NF-kBp65 in
chronic inflammation has been elucidated. The inverse
relationship between CCN6 expression and disease out-
come aligns with the existing rationale that therapeutic
restoration of CCN6 expression could inhibit epitheli-
al-mesenchymal transition (EMT)-induced invasion.
However, these findings do not imply immediate clin-
ical applicability. Rigorous validation in larger multi-
center prospective studies is warranted to translate this
outcome into clinical practice.
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ABSTRACT

Introduction and aim. This observational comparative study characterized the vaginal and amniotic fluids of women in
preterm labor relative to those who delivered at term. A distinctive feature of this work is the paired, quantitative and cul-
ture-based assessment of both the vaginal and the amniotic fluid microbiota, while most previous studies have examined the
vaginal compartment alone.

Material and methods. Carried out at a single tertiary center, the study enrolled 120 women in preterm labor at 33-35 weeks of
gestation together with 89 women delivering at term (=38 weeks). Culture-based identification and quantitative analysis were
applied to paired vaginal and amniotic fluid specimens.

Results. Preterm labor was accompanied by a reduced prevalence of Lactobacillus spp. and by a markedly higher recovery of
Gardnerella vaginalis (60.8%; odds ratio [OR] 12.27, 95% confidence interval [CI] 5.78-26.06) and Ureaplasma spp. (45.8%; OR
9.91, 95% Cl 4.23-23.22), exceeding the term group (p<0.001). Higher vaginal pH and polymicrobial associations occurred more
often. The amniotic fluid produced microbial growth in 53.3% of preterm cases and vaginal and amniotic detection of Ureaplas-
ma spp. (¢=0.61; p<0.001).

Conclusion. Vaginal dysbiosis showed an association with preterm labor that may be compatible with a contribution from as-
cending microbial colonization, though causality cannot be inferred from the present data.

Keywords. amniotic fluid, bacterial vaginosis, Gardnerella vaginalis, preterm labor, Ureaplasma spp., vaginal microbiota

Introduction
Preterm labor continues to be among the most preva-
lent problems in contemporary obstetrics, carrying an in-
creased burden of perinatal morbidity and mortality along
with lasting health sequelae in the newborn.'? Its etiology
is multifactorial, arising from an intricate interplay of ge-
netic, environmental, and infectious contributors.
Previous work has shown that women with com-
plicated pregnancies, especially those in preterm labor,
frequently display shifts in the microbial makeup of the
lower genital tract.*” Such vaginal microbial changes

can shape the local immune milieu and ease the upward
passage of organisms from the lower genital tract into
the uterine cavity.

A growing body of evidence links perturbation of
the vaginal microbial ecosystem to unfavorable preg-
nancy outcomes. Overgrowth of opportunistic or-
ganisms can undermine the colonization resistance
conferred by Lactobacillus spp., raise the vaginal pH,
and reshape local immune responses.®'° Together, these
shifts may promote migration of organisms toward the
fetal membranes and amniotic cavity.
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Infections of the genital tract have long been con-
sidered an important contributor to premature labor."-"?
Bacterial vaginosis and nonspecific vaginitis are com-
monly documented among affected women.'"*** Such
conditions typically feature the depletion of protective
Lactobacillus spp. accompanied by the expansion of an-
aerobic and opportunistic organisms.

Among these microorganisms, Gardnerella vagina-
lis and Ureaplasma spp. have attracted particular interest.
Molecular microbiome surveys indicate that these organ-
isms are often recovered in preterm labor and may partici-
pate in inflammatory processes on the fetal membranes.'**

Recent studies have also described microbial pres-
ence within the amniotic fluid when pregnancy out-
comes are adverse.??* Although how organisms reach
the amniotic cavity is still being clarified, ascending col-
onization from the lower genital tract is considered a
plausible route.

Most current investigations of the vaginal microbi-
ome depend on molecular assays that detect microbial
DNA. Culture-based microbiology nevertheless retains
clinical value, since it identifies viable organisms and
quantifies the microbial burden and can therefore add
complementary insight into the microbiological features
linked with preterm labor. Quantitative culture data for
the amniotic compartment and studies that sample the
vaginal and amniotic microbiota in parallel remain
comparatively scarce, leaving a gap that culture-based
methods are well positioned to address.

Aim

This study aimed to characterize, qualitatively and
quantitatively, the vaginal and amniotic fluids of women
in preterm labor by culture-based microbiology, and to
examine how these are related to microbial presence in
the amniotic fluid. When combining quantitative vagi-
nal and amniotic fluid cultures within a single cohort,
the study offers a microbiological perspective that com-
plements the molecular microbiome analyses reported
in our earlier work.

Material and methods

Study design and participants

The cohort comprised 120 pregnant women in preterm
labor (Group I) at 33-35 weeks of gestation and 89
pregnant women delivering at term (38 weeks of ges-
tation) (Group II). Enrollment was limited to primi-
gravidae carrying singleton pregnancies. The exclusion
was applied to any woman who reported smoking; re-
cent use of antibiotics, antiseptics, or probiotic use; or a
prior preterm birth, miscarriage, or multiple pregnan-
cy. Recruitment was consecutive, covering every eligible
woman during the study period, and no a priori sample
size calculation was undertaken. The mean participant
age was 26.2+1.9 years.

A diagnosis of preterm labor required at least two
uterine contractions over a 10-minute interval togeth-
er with cervical change at 33 to 35 weeks of gestation.

Controls were healthy pregnant women without ob-
stetric, medical, or surgical complications, congenital
anomalies, or histological evidence of chorioamnioni-
tis. Routine postpartum histology of the placenta and
fetal membranes was undertaken; since no case of histo-
logical chorioamnionitis was observed among controls,
no woman was excluded for this reason.

All participants underwent a clinical examination,
ultrasound evaluation, and microbiological testing.

Sample collection

Immediately before delivery, vaginal discharge was sam-
pled from the mid-vaginal wall with sterile swabs. The
smears were spread on glass slides, fixed in 90% ethanol
and stained by the Gram method, 1% aqueous methy-
lene blue, and Romanowsky staining.

Amniotic fluid was secured aseptically from the 120
women in the preterm labor group. For the 118 (98.3%)
delivered by caesarean section, fluid was drawn directly
from the amniotic cavity with a sterile needle once the
operative field had been disinfected, immediately after
the uterine incision and before the fetal membranes rup-
tured. In the 2 women (1.7%) who delivered vaginally af-
ter membrane rupture, a sterile catheter was used through
the cervical canal under strict asepsis was used; neither of
these two specimens produced microbial growth.

To limit possible contamination, the initial ali-
quot of aspirate was discarded; the remaining fluid was
placed in sterile transport tubes and transferred to the
microbiology laboratory in 2 h for analysis.

Microbiological analysis

Culture-based microbiology was performed on a range
of selective and differential media: blood agar, egg yolk
salt agar, Endo agar, Lactobacillus-selective agar, Sab-
ouraud agar, Chrom Candida chromogenic medium,
and selective agar for Gardnerella vaginalis.

Organisms were identified by their morpholog-
ical, cultural, and biochemical properties following
Bergey’s Manual of Determinative Bacteriology, with
automated confirmation on the Vitek 2 Compact sys-
tem (bioMérieux, France). Specimens from both groups
were processed under identical standard operating pro-
cedures, and microbiologists were blinded to the allo-
cation of the clinical group during the culturing and
identification.

The detection of Ureaplasma spp. was based on the
Mycoplasma IST 2 system (bioMérieux, France), which
allows both qualitative and quantitative readout. A
count of >10* colony-forming units (CFU) per sample
was taken as clinically significant, and microbial load
was reported as log;o CFU/mL.
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Bacterial vaginosis was established on the Amsel
criteria, at least three homogeneous vaginal discharges,
vaginal pH > 4.5, clue cells, and a positive amine test,
corroborated by bacterioscopy of stained smears. Vagi-
nal pH was read with indicator strips.

Bacterioscopic assessment

Stained smears were examined under x40 and x100 ob-
jectives, recording leukocytes, epithelial cells, Lactoba-
cillus spp., Gram-positive cocci, Gram-negative bacilli,
yeast-like fungi, and clue cells.

Statistical analysis

Data were analyzed in IBM SPSS Statistics version 29
(Armonk, NY, USA). The Shapiro-Wilk test checked
normality. Continuous variables appear as meanz+stan-
dard deviation (SD); normally distributed data were
compared by Student’s or Welch’s t test and skewed data
by the nonparametric Mann-Whitney U test, as appro-
priate. Counts and percentages summarized categorical
data, which were compared with Pearson’s x* or Fisher’s
exact test. Odds ratios (OR) and their 95% confidence
intervals (CI) were derived for the link between micro-
bial detection and preterm labor, with a continuity cor-
rection where a cell was zero. The ¢-coeflicient gauged
the concordance between the detection of vaginal and
amniotic fluid of Ureaplasma spp. within the preterm
labor group.

Because every eligible participant in the study win-
dow was enrolled, no a priori sample size calculation
was carried out. A post hoc power analysis, based on
the observed difference in Ureaplasma spp. detection at
a=0.05, confirmed power above 80%. Due to the num-
ber of comparisons, p-values were left unadjusted for
multiple testing and are treated as exploratory. Signifi-
cance was set at p<0.05, with exact p-values given except
where p<0.001. The analyzes were univariate: Given the
exploratory, single-centre design, the fixed enrolled
sample, and the large number of microbial comparisons,
no multivariate regression model adjusting for poten-
tial confounders, and associations are therefore report-
ed unadjusted.

Ethical approval

The study adhered to the Declaration of Helsinki and
was approved by the Bioethic Committee of the State
Institution ‘Center of Maternity and Childhood of the
Ukrainian National Academy of Medical Sciences of
Ukraine’ (Protocol No. 3, April 20, 2023). Each par-
ticipant provided written informed consent in writing
before entering the study and a completed STROBE
checklist is included with the manuscript as supplemen-
tary material.

Results

The detection frequencies of opportunistic organisms in
vaginal samples from the preterm labor and term deliv-
ery groups are given in Table 1.

Table 1. Frequency of detection of opportunistic
microorganisms in vaginal samples, n (%)*

Microorganism Preterm labour Termdelivery OR  95%0 p
(n=120) (n=89)
Lactobacillus spp. 86(71.7) 89(100)  0.01" 0.00-0.23 <0.001
Ureaplasma spp. 55(45.8) 7(79 991 4.23-23.22 <0.001
Gardnerella vaginalis 73(60.8) 10(11.2) 1227 5.78-26.06 <0.001
(andida spp. 25(20.8) 10(11.2) 208 094-459 007
Corynebacterium spp. 12(10.0) 7(79 130 049-345 059
Klebsiella spp. 8(6.7) 3(34) 205 053-7.95 030
Escherichia coli 22(183) 120135 144 067-3.09 035
Haemolytic E. coli 16(13.3) 0 28.26° 1.67-477.82  0.02
Enterococcus faecalis 22(183) 11(124) 159 073-348 024
Streptococcus pyogenes 12(10.0) 0 20.62" 1.20-353.177  0.03
Streptococcus agalactiae 16(13.3) 6(6.7) 213 080-568 0.13
Staphylococcus aureus 8(6.7) 0 13.52" 0.77-237.51  0.07

Staphylococcus epidermidis 32(26.7) 10(11.2)  2.87 133-622 0.006
Haemolytic . epidermidis 20(16.7) 3(34) 573 1.65-19.96 0.006
*# _ Odds ratio computed with a continuity correction for
zero cells in the contingency table. For organisms found

only in the preterm labor group, these estimates are
imprecise and should be read with caution

A reduced prevalence of Lactobacillus spp. was ev-
ident among women in preterm labor compared with
term deliveries. In contrast, Gardnerella vaginalis and
Ureaplasma spp. were recovered more frequently in this
group. Within it, 53 cases (44.2%) showed Ureaplasma
spp- at 210* CFU/sample, whereas every term delivery
stayed below that threshold.

Several additional opportunistic organisms were also
more common in the preterm labor group, among them
haemolytic E. coli, S. pyogenes, S. aureus and S. epidermidis.

Quantitatively, vaginal Gram-positive cocci reached
higher loads in the preterm labor group, spanning logio
4.0 to logo 5.2 CFU/mL, against logio 3.0 to logio 3.8
CFU/mL at term (p<0.001).

Enterobacteriaceae were also more prevalent with
preterm labor. Recovery of E. coli, haemolytic E. coli,
and Klebsiella spp. was greater in this group, with loads
of logio 4.3 to logi 5.4 CFU/mL versus logio 3.2 to logio
3.6 CFU/mL at term (p<0.001) (Fig. 1).

Candida spp. frequency was higher with preterm
labour than at term. Among Candida isolates from the
preterm labor group, C. albicans was dominant (21 cas-
es, 17.5%), while nonalbicans species occurred less often
and comprised C. glabrata (3 cases, 2.5%) and C. tropica-
lis (1 case, 0.8%). At term, only C. albicans was detected.

Vaginal pH exceeded 4.5 in 101 women (84.2%) of
the preterm labor group, whereas at term it fell within
3.8t04.5.
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Fig. 1. Vaginal microbial loads in the preterm labor (n=120) and term delivery (n=89) groups, expressed as log,, CFU/mL and
compared by the Mann-Whitney U test; *** p<0.001; **** p<0.0001; 4 organism absent from the term delivery group

Polymicrobial associations arose far more often
with preterm labor than at term (61.7% vs. 13.5%). Fre-
quent combinations were S. epidermidis with Candida
spp., hemolytic S. epidermidis with E. coli, E. coli with S.
agalactiae and Candida spp., and Ureaplasma urealyti-
cum with G. vaginalis.

Bacterioscopy provided a further view of the vaginal
microbiota. Smear-type distribution diverged between
the preterm labor (n=120) and term (n=89) groups
(p<0.001). At term, a normal pattern (normocenosis)
prevailed in 86 women (96.6%). In the preterm labor
group, by contrast, bacterial vaginosis was the leading
finding (72 cases, 60.0%), followed by nonspecific vul-
vovaginitis (28 cases, 23.3%) and an intermediate type
of smear in 20 women (16.7%).

Nonspecific vulvovaginitis featured elevated leuko-
cyte counts (30-100 per field), mostly neutrophils, to-
gether with a greater number of Gram-positive cocci,
Gram-negative bacilli, and Candida spp., in addition to
a reduced presence of organisms resembling Lactobacil-
lus spp. (Fig. 2).

Where there was bacterial vaginosis, the bacterios-
copy showed a predominance of anaerobic morpho-
types with moderate leukocyte response (15-30 per
field); clue cells were common, as were organisms sim-
ilar to Mobiluncus spp., Fusobacterium spp., and Gard-
nerella spp.

At term, bacterioscopy usually revealed a Lactoba-
cillus dominated flora with few leukocytes (up to 10-

12 per preparation) and few squamous epithelial cells
(5-10 per preparation). Only three women (3.4%) here
showed an intermediate smear type (Fig. 2).

Fig. 2. Principal vaginal microbiota patterns in the
preterm labor group and term delivery group; Values are
percentages of the women examined

A further aim was to determine the presence and
makeup of organisms in amniotic fluid, sampled in all
120 women of the preterm labor group.

The amniotic fluid of the preterm labor group con-
tained several Enterobacteriaceae. E. coli occurred in
14 women (11.7%), hemolytic E. coli in 9 cases (7.5%),
and E. faecalis in 13 women (10.8%). Quantitative lev-
els reached log;o 4.2 CFU/mL and log;, 4.4 CFU/mL,
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Fig. 3. Range of organisms recovered from vaginal and amniotic fluid specimens in the preterm labor group (n=120); values

are percentages of women examined

respectively. Corynebacterium spp. appeared in 5 cas-
es (4.2%) at a lower load (logi 2.2 CFU/mL). None of
these were found at term.

Gram-positive cocci were also present in preterm
amniotic fluid. S. epidermidis was identified in 19 wom-
en (15.8%), hemolytic S. epidermidis in 14 cases (11.7%),
S. aureus in 5 cases (4.2%) and S. agalactiae in 11 cas-
es (9.2%). Quantitative levels reached log;o 4.4 CFU/mL
for S. epidermidis and logo 4.2 CFU/mL for S. aureus.

Fungi of the genus Candida were recovered from
amniotic fluid in 9 women (7.5%), though at loads un-
der logio 4.0 CFU/mL. Lactobacillus spp. were found in
14 cases (11.7%) at logio 4.2 CFU/mL. G. vaginalis oc-
curred in 5 women (4.2%) at log;o 3.8 CFU/mL.

Ureaplasma spp. were present in 29 cases (24.2%); in
each, Ureaplasma spp. were also present vaginally. Loads
reached >10* CFU/sample in 18 women (15.0%), while
11 cases (9.2%) were below this cut-off point. A positive
association linked Ureaplasma spp. in vaginal and am-
niotic fluid specimens (¢=0.61; p<0.001).

Amniotic fluid remained sterile in 56 wom-
en (46.7%) of the preterm labor group; the other 64
(53.3%) grew organisms as single isolates or polymicro-
bial mixtures. The most common were Ureaplasma spp.,
E. coli, E. faecalis, S. epidermidis, S. agalactiae, and C.
albicans. At term, the amniotic fluid was sterile in 82
women (92.1%), while 7 (7.9%) showed little growth of
S. epidermidis at logio 2.0 CFU/mL.

Comparing vaginal and amniotic fluid isolates
within the preterm labor group revealed partial com-
positional concordance in 63 cases (52.5%) (Figure 3).
In summary, three main findings emerged: preterm la-

bor was marked by vaginal dysbiosis, with depleted
Lactobacillus spp. along with Gardnerella vaginalis and
Ureaplasma spp.; amniotic fluid produced microbial
growth in 53.3% of preterm cases, while remaining ster-
ile in the vast majority of term pregnancies; and vagi-
nal and amniotic isolates showed partial concordance,
a pattern compatible with ascending colonization.

Discussion

This study examined, by culture-based microbiology,
the vaginal and amniotic fluid microbiota accompany-
ing preterm labor. The results point to compositional
differences between the preterm labor and term deliv-
ery groups.

The preterm labor group showed a lower prevalence
of Lactobacillus spp. and a correspondingly greater re-
covery of opportunistic organisms such as Staphylococ-
cus spp., Enterobacteriaceae, Gardnerella vaginalis, and
Ureaplasma spp. This is consistent with previous reports
that disruption of the vaginal microbial ecosystem often
leads to preterm labour."**

Numerous large observational and molecular stud-
ies have described vaginal dysbiosis - a loss of domi-
nance by Lactobacillus spp. with expansion of anaerobic
and opportunistic organisms — as a correlate of adverse
pregnancy outcomes.”>* Qur culture-based data, show-
ing heavier Gram-positive coccal loads in the preterm
labor group, align with these reports.

In the present study, Gardnerella vaginalis emerged
as one of the strongest correlates of preterm labor here,
echoing earlier work on the role played by G. vaginalis in
bacterial vaginosis, biofilm formation, and remodeling
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of the vaginal microbial environment.'**® Ureaplasma
spp. were also recovered often and positively associat-
ed with preterm labour in our cohort, in keeping with
reports connecting vaginal Ureaplasma urealyticum and
Mycoplasma hominis with preterm delivery.**

A vaginal pH above 4.5 was seen more often with
preterm labor. Previous work indicates that increasing
pH can signal lactobacillus-dominated flora breakdown
and overgrowth of opportunistic organisms.*"** Consis-
tent with this, the term group held a physiological pH
of 3.8 to 4.5.

Polymicrobial associations were also more frequent
with preterm labor, possibly mirroring intricate inter-
species interactions within the vaginal ecosystem.*

The amniotic fluid harbored organisms more often
in the preterm labor group than at term, and vaginal
and amniotic microbiota showed partial concordance
in a percentage of patients. Taken together with the pos-
itive association for Ureaplasma spp., this may fit previ-
ously proposed ascending migration of organisms from
the lower genital tract.**** However, given the obser-
vational design and the possibility of sampling-related
contamination, these results warrant caution and do not
prove a causal ascending route.

A notable feature of this work is its reliance on cul-
ture. Although much current vaginal microbiome re-
search is molecular, culture retains clinical utility by
detecting viable organisms and quantifying load; molec-
ular assays capture a wider set of taxa, including non-cul-
turable ones, yet cannot confirm viability, so the two are
best seen as complementary. Recovery of Lactobacillus
spp. in every term of the participant exceeds the usual
figures for molecular studies, most plausibly because cul-
ture favors dominant viable populations and because the
control group was carefully selected on clinical grounds.

From a clinical perspective, the microbial patterns
observed here may be of interest for future research. Be-
cause samples were obtained close to delivery, the pres-
ent study does not assess the predictive value of the
vaginal microbiota or the efficacy of any intervention;
The findings are hypothesis-generating and may mo-
tivate prospective studies by sampling earlier in preg-
nancy and incorporating inflammatory markers and
molecular profiling - to explore whether such patterns
could inform screening or preventive strategies. In rou-
tine obstetric practice, quantitative culture-based assess-
ment could complement molecular microbiome testing,
adding information on viable organisms and microbial
load that sequencing alone does not capture, thus sup-
porting future diagnostic or screening approaches in
women at risk of preterm labor.

The strengths of the study include its relatively large
cohort (n=209), quantitative culture-based analysis, and
paired evaluation of vaginal and amniotic fluids.

Study limitations

Several caveats apply. First, the design was observational
and cross-sectional, so cause and effect between microbial
colonization and preterm labor cannot be drawn. Second,
the sample size was not fixed a priori, given the design; a
post hoc check, however, showed adequate power (>80%)
for the main comparison. Third, culture has limited sen-
sitivity, misses nonculturable or fastidious taxa, and may
understate diversity relative to molecular sequencing,. Fas-
tidious anaerobes such as Prevotella, Bacteroides, Atopo-
bium, Mobiluncus, Peptostreptococcus, and Fusobacterium
spp. went undetected by culture; their absence reflects
methodological limits rather than true absence, and bac-
terioscopy did show matching anaerobic morphotypes
where bacterial vaginosis was present. Fourth, no mul-
tivariable adjustment was made, so residual confound-
ing remains possible; factors such as antibiotic exposure,
timing of membrane rupture, prior genital infection, and
smoking were not modelled, and baseline variables were
not uniformly captured, so the associations are unad-
justed. Fifth, though amniotic fluid was taken aseptically,
contamination cannot be wholly excluded, especially af-
ter membrane rupture, which bears on the apparent vagi-
nal-amniotic similarity. Sixth, restriction to 33-35 weeks
of gestation may curb generalizability to other gestational
ages. Finally, inflammatory markers such as interleukin-6
and C-reactive protein were not assayed, so microbial col-
onization could not be distinguished from an intra-amni-
otic inflammatory response.

Conclusion

Vaginal dysbiosis - marked by fewer Lactobacillus spp.,
more frequent G. vaginalis and Ureaplasma spp., raised
vaginal pH, and abundant polymicrobial associations -
was seen more often with preterm labor than at term.

Amniotic fluid yielded organisms more often in
the preterm labor group, with partial vaginal-amniot-
ic concordance in a subset of cases. These observations
are compatible with, but do not establish, the previous-
ly proposed ascending migration of organisms from the
lower genital tract.

Quantitative culture-based evaluation of the vaginal
microbiota may add microbiological detail useful for
appraising colonization patterns in pregnancy, bearing
in mind the limited sensitivity of culture. Prospective
longitudinal studies combining culture-based and mo-
lecular microbiome analyses are warranted to validate
the clinical applicability of these findings.
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ABSTRACT

Introduction and aim. Southeast Asia has historically been the epicenter of drug resistance against Plasmodium falciparum.
The resistance has markedly reduced the effectiveness of key antimalarial drugs, such as chloroquine, sulfadoxine-pyrimeth-
amine, and artemisinin-based combination therapy (ACTs). This systematic review protocol aims to characterize the spatio-tem-
poral distribution and trends of drug resistance markers, both molecular and phenotypic, in P. falciparum malaria across South-
east Asian countries from 2000 to 2025 and to identify regional research and surveillance gaps.

Material and methods. This study will follow a systematic search of literature published in English with full text from January
2000 to December 2025, including grey literature from five electronic databases. Data extraction and analysis will strictly ad-
here to the PRISMA-P guidelines and PECO/PICO framework. Risk of bias will be assessed independently by two reviewers using
the Joanna Briggs Institute (JBI) critical appraisal tools matched to study design, including the JBI Analytical Cross-Sectional
Checklist for molecular surveillance studies and the JBI Prevalence Checklist for epidemiological surveys.

Expected outcomes. This systematic protocol is expected to synthesize evidence on the prevalence, geographical distribution,
and temporal trends of resistance markers and treatment failure associated with drug-resistant P. falciparum in Southeast Asia.
Keywords. drug-resistant malaria, Greater Mekong sub-region, Plasmodium falciparum, Southeast Asia, systematic review pro-
tocol

Introduction resistance to artemisinin, the pharmacological founda-

Plasmodium falciparum malaria remains a critical public
health challenge in Southeast Asia, and the Greater Me-
kong Sub-region (GMS)'* has historically been recog-
nized as a global epicenter for the emergence and spread
of antimalarial drug resistance. Resistance to chloro-
quine and sulfadoxine-pyrimethamine previously led to
its major treatment failure across the region by the late
1990s.! Resistance to sulfadoxine-pyrimethamine, which
was used as a replacement, emerged within a decade of
its widespread appearance.’** The region now confronts
its most consequential drug resistance challenge: partial

tion of all current WHO-recommended first-line Arte-
misinin-based combination therapy (ACT).> Molecular
markers such as mutations in the kelch13 (K13) propel-
ler domain, pfcrt, pfindrl, pfdhfr, and pfdhps genes have
become important indicators for monitoring resistance
patterns and therapeutic efficacy.>*

Preliminary clinical observations suggesting unusu-
ally prolonged clearance were recorded from approxi-
mately 2003 onwards.5” The first formal peer-reviewed
publications confirming artemisinin partial resistance in
GMS appeared in 2008 and 2009.%% These resistant par-
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asites are characterized primarily by single-nucleotide
polymorphisms in the K13 propeller domain of P. fal-
ciparum.>'®"" Since initial documentation, K13-mutant
parasite lineages have been confirmed in Cambodia,
Myanmar, Thailand, Laos PDR, and Vietnam, and have
remained in sustained circulation across the GMS.">"
Despite substantial reductions in overall malaria inci-
dence, including declines exceeding 70% in Myanmar
and 90% in Vietnam,'*'"* artemisinin-resistant lineag-
es have not been eliminated. Reported increases in cases
in certain areas of Myanmar and Cambodia demonstrate
that the region has not yet achieved consistent parasite
suppression,'*'¢ and this persistence directly threatens the
WHO 2030 malaria elimination targets for the GMS."

The diverse data can facilitate a precise understand-
ing of the comparative geographical mapping of multi-
drug resistance malaria within Southeast Asia. Global
and regional environmental pressures challenge the or-
ganization of human populations due to administrative
boundaries.””° Although most published studies have
focused majorly on resistance markers, therapeutic out-
comes, and drug efficacy, the existing body of evidence
remains fragmented across geography, time, and meth-
odology.”!

Aim

This review will examine molecular marker data and
phenotypic outcomes, specifically, parasite clearance
half-lives and treatment failure rates, as complementary
or distinct lines of evidence. Understanding the treat-
ment failure issues, particularly the response rates for
each anti-malarial drug, is regarded as critical for ad-
dressing this global health threat.*’* The PRISMA-P
guided systematic review protocol may address these
methodological gaps by synthesizing diverse evidence
to map the emergence of drug resistance.” The geo-
graphic distribution and spatio-temporal evolution
in resistance patterns across Southeast Asia have not
been comprehensively addressed within a single sur-
veillance framework. Therefore, this protocol is novel
in integration of molecular surveillance data, treatment
outcomes, and geospatial evidence to identify region-
al resistance trends and surveillance gaps. The findings
may also reveal methodological limitations and less ex-
plored regions, supporting future surveillance strategies
and malaria elimination efforts.

Material and methods

Protocol design

This systematic review protocol will follow the Pre-
ferred Reporting Items for Systematic Review and Me-
ta-Analysis Protocols (PRISMA-P) guidelines and the
Population, Exposure, Comparator, Outcome (PECO/
PICO) framework, and the updated guidance of the Jo-
anna Briggs Institute’s (JBI’s) critical appraisal checklist

for systematic reviews and research syntheses.? This re-

view is expected to systematically synthesize evidence

on molecular and phenotypic antimalarial drug resis-
tance in P, falciparum across Southeast Asia between

January 2000 and December 2025. The protocol was not

prospectively registered in PROSPERO or the Open Sci-

ence Framework (OSF).

The review process will include five gradual stag-
es: (1) identification of research questions, (2) literature
search and retrieval, (3) study screening and selection,
(4) data extraction and charting, and (5) evidence syn-
thesis and reporting. A preliminary literature search was
conducted between August 2025 and December 2025
to refine the search strategy, eligibility criteria, and ex-
traction framework.

The PECO/PICO framework applied in this review
is as follows:

- Population: Individuals of any age or gender with
confirmed infection in Southeast Asia.

- Exposure/Intervention: Exposure to antimalarial
drugs, including chloroquine, sulfadoxine-pyrime-
thamine, and ACTs.

- Comparison: Geographic regions, temporal trends,
and resistance profiles across Southeast Asian co-
untries.

—  Outcome: Molecular resistance markers, therapeu-
tic efficacy outcomes, treatment failure rates, and
parasite clearance patterns.

Stage 1: research questions

The primary research question is, “What is the spa-

tio-temporal distribution and prevalence of drug

resistance markers, molecular and phenotypic, in P, falci-

parum malaria across Southeast Asia from 2000 to 20252
The following secondary questions will guide the re-

view:

1. How many peer-reviewed articles and grey litera-
ture (e.g., WHO reports, Ministry of Health bul-
letins, etc.) documents on drug-resistant P. falci-
parum malaria in Southeast Asia were published
between 2000 and 2025?

2. What is the geographic distribution and temporal
trend of key molecular resistance markers (e.g.,
K13, pfert, pfdhfr, pfdhps, pfmdrl) across Southeast
Asian countries?

3. What are the reported therapeutic efficacy out-
comes, defined as Day 28/42 treatment failure
rates and parasite clearance half-lives associated
with chloroquine, sulfadoxine-pyrimethamine and
ACTs use in P. falciparum infections across South-
east Asia?

4. Which geographic areas demonstrate consistently
elevated resistance marker prevalence or treatment
failure rates, and how have these areas changed
over the 25-year study period?
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5. What are the documented methodological limita-
tions in existing drug resistance surveillance liter-
ature, including limitations in geographic coverage,
study design, marker selection, sample size, or out-
come reporting standards that future research and
surveillance programs need to address?

Search strategy

A comprehensive literature search will be conducted
across five electronic databases: PubMed, Scopus, Sci-
enceDirect, EBSCO, and Google Scholar. The search
strategy will combine Medical Subject Headings (MeSH),
free-text keywords, Boolean operators, and synonyms re-
lated to antimalarial drug resistance, molecular markers,
and Southeast Asia.

The PubMed search strategy will include:
(“Plasmodium falciparum” [MeSH] OR “falciparum
malaria”

AND

(“Drug Resistance” [MeSH] OR “antimalarial resis-
tance” OR “treatment failure”)

AND

(“artemisinin” OR “ACT” OR “chloroquine” OR “sulfa-
doxine-pyrimethamine”)

AND

(“molecular markers” OR “K13” OR “pfcrt” OR “pfm-
dr1” OR “pfdhfr” OR “pfdhps”)

AND

(“Southeast Asia” OR Cambodia OR Myanmar OR
Thailand OR Vietnam OR Laos).

Equivalent search syntax adapted to indexing systems
and operators will be applied for Scopus, ScienceDi-
rect, EBSCO, and Google Scholar databases. Grey lit-
erature sources, including WHO reports, governmental
publications, and institutional surveillance reports, will
also be searched. For Google Scholar, the first 200 re-
sults with 100 pages sorted by relevance will be screened
to improve feasibility and reproducibility. Only studies

published in English between January 2000 and Decem-
ber 2025 will be considered eligible (Fig. 1).

Specific variables used for the study

The variables will include study identification details
(authors and year of publication), methodological char-
acteristics (design type: randomized control trial, obser-
vational, molecular surveillance, and in vitro studies),
geographic locations of study sites (countries/regions in
Southeast Asia), demographic profiles (age groups, gen-
der, clinical setting (outpatient/inpatient/communi-
ty-based), pharmacological intervention (chloroquine,
sulfadoxine-pyrimethamine, and artemisinin-based com-
bination therapies), molecular resistance markers studied
(e.g., molecular markers like pfert, pfdhfr, pfmdr1, and K13
mutations), therapeutic efficacy outcomes, and epidemio-
logical patterns (incidence and distribution) (Table 1).

Table 1. Specific variables used for the study selection

No Variables Identification details
1 Study identification details

2 Methodological characteristics

Authors, year of publication

Design type: randomized control trial,
observational, molecular surveillance, in vitro
studies

3 Geographic locations of study sites Countries/regions in Southeast Asia

4 Demographic profiles Age groups, gender, clinical setting (outpatient/

inpatient/community-based)

5 Pharmacological intervention Chloroquine, sulfadoxine-pyrimethamine,
and ACTs

pfcrt, pfdhfr, pfmdr1, and K73 mutations

6 Molecular resistance markers
studied
7 Therapeutic efficacy outcomes, and
epidemiological patterns

Incidence, and distribution

Stage 2: retrieving relevant studies

Authors will apply a systematic search strategy to identi-
ty scientific journals, grey literature, and peer-reviewed
publications aligned with our objectives. This protocol
will use a systematic approach: titles, abstracts, and key-

Fig. 1. Conceptual workflow of the proposed systematic review protocol for surveillance and spatial mapping of antimalarial

drug resistance in Southeast Asia (2000-2025)
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words for searching, screening, and reviewing the stud-
ies. Data will be extracted from the studies published
between January 2000 and December 2025. In the sec-
ond phase, we will import the selected list to a system-
atically featured database (MS Excel or Amazon Aurora
DSQL) for further categorizing the references.

Stage 3: study selection

Eligibility criteria

The inclusion and exclusion criteria will be created
based on the PECO/PICO framework.

Inclusion criteria

Studies will be included if they satisfy all of the follow-

ing criteria:

1. This systematic review will include studies from Jan-
uary 2000 to December 2025 in the English language
strictly. Reporting at least one of the following: (i)
molecular resistance marker data (K13 codon-spe-
cific mutations; pfcrt K76T; pfdhfr/pfdhps; pfmdrl);
(i) therapeutic efficacy outcomes (Day 28/42 treat-
ment failure rates, parasite clearance half-lives, or
cure rates); or (iii) in vitro drug susceptibility data.

2. Participants of any age or gender with confirmed P,
falciparum infections (microscopy, RDT, or PCR)
will be included from outpatient, inpatient, or com-
munity-based clinical settings.

3. Conducted in one or more Southeast Asian coun-
tries, including the GMS region (Cambodia, Laos,
Myanmar, Thailand, and Vietnam) and other
Southeast Asian nations (Indonesia, Malaysia, the
Philippines, Singapore, Timor-Leste, and Brunei).

4. CEligible study designs, which include cases with
nonrandomized and randomized controlled trials
and observational studies (cohort, cross-sectional,
and case-control); reports of molecular surveil-
lance, and in vitro susceptibility studies will be tak-
en into account.

Exclusion criteria

1. Studies that focus on other Plasmodium species (P,
vivax, P. malariae, P. ovale, and P. knowlesi) will be
excluded. Studies outside Southeast Asia will be re-
moved.

2. Studies that are focused on pathogen biology, diag-
nostics, or unrelated treatments related to drug-re-
sistant malaria.

Study procedure and selection of the studies

Stage 4: charting the data

The systematic review will follow a standardized vari-
able list using a spreadsheet. Extracted variables
will include study identification details, names of
the authors’ details, publication years, study design,
demographic details, drugs investigated, molecular re-

sistance markers, participant characteristics, and ther-
apeutic efficacy outcomes. All retrieved references will
be imported into reference management software (i.e.,
Zotero), and duplicate records will be removed prior
to screening. Two independent reviewers will conduct
title and abstract screening followed by full-text assess-
ment according to predefined inclusion and exclusion
criteria. Disagreements between reviewers will be re-
solved through discussion and, where necessary, con-
sultation will be done with a third reviewer. The final
systematic review will present the study selection pro-
cess using a PRISMA flow diagram.

Spatial mapping

Resistance distribution maps will be produced as evi-
dence synthesis products, generated from geospatial
data extracted from the included literature and not
from primary field data collection. Geospatial visual-
ization will be conducted using QGIS (v.2025) to map
study site locations and resistance marker prevalence by
geographic administrative unit."

Risk of bias assessment

Risk of bias will be assessed independently by two re-
viewers for each included study, using JBI critical ap-
praisal tools matched to study design.” The JBI analytical
cross-sectional checklist will be applied for molecular
surveillance and cross-sectional studies, the JBI preva-
lence checklist for epidemiological prevalence studies,
and the JBI critical appraisal checklist for randomized
controlled trials for interventional studies. Disagreement
in risk of bias findings will be considered during evidence
synthesis and interpretation of study findings.

Stage 5: collating, summarizing, and reporting the results
The purpose of the proposed systematic review is to
collect existing information on the pattern and trends,
summarize the findings from the included studies, and
identify endemic regions that need further research.
This systematic review will involve the integration of
findings from the included studies and the identifica-
tion of research gaps for future investigation. These will
be collected and synthesized using both descriptive sta-
tistics and thematic analysis. The authors will arrange
all the processed evidence after tabulation to summa-
rize, analyze, and make a final report on the antimalari-
al evidence. The reporting of this systematic review will
strictly follow PRISMA-P guidelines to ensure the trans-
parency and eligibility of the study.

Ethical considerations

The present study does not require any institutional eth-
ical approval, as it will not involve direct collection of
data from human research participants.
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Dissemination

This research article containing the outcomes of the sys-
tematic review will be submitted to a scientific journal
for publication. Study findings will be disseminated via
open-access publications in peer-reviewed journals.
The findings will be communicated through presen-
tations, relevant meetings, conferences, seminars, and
workshops. This review will aim to inform regional and
global strategies for the prevention and containment of
drug-resistant malaria in endemic regions.

Evidence extraction and analysis

This review will identify studies from January 2000 un-
til December 2025. A search will be conducted for stud-
ies that are eligible after retrieving and evaluating the
published articles across five major databases: PubMed,
Google Scholar, ScienceDirect, EBSCO, and Scopus.
The final result with data synthesis and mapping will be
presented using PRISMA-P guidelines in the completed
systematic review.

Discussion

Resistance to the world’s most effective antimalarial
drug, artemisinin, and its derivatives (i.e., ACTs) has
emerged as a serious threat to global malaria control ef-
forts.>* This systematic review protocol maps the exist-
ing evidence regarding P. falciparum resistance to drug
patterns across Southeast Asia’s GMS using the PICO/
PECO framework [Population: Southeast Asian adult
population of any age or gender with confirmed P. fal-
ciparum infection; Exposure/Intervention: antimalari-
al drugs; Comparison: across Southeast Asia’s Greater
Mekong Sub-region, 2000-2025; Outcome: Multidrug
resistance effect intervention]. By employing a compre-
hensive search strategy across five databases and grey
literature sources, this protocol addresses identified gaps
in synthesizing heterogeneous evidence from molecular
surveillance and epidemiological studies regarding the
key resistance markers, including pfert, pfdhfr, pfdhps,
pfmdrl, and Pfkelch13 mutations.”* Post-pandemic in-
terruptions in malaria surveillance systems, healthcare
accessibility, and therapeutic monitoring may have sig-
nificantly contributed to gaps in resistance surveillance
across endemic Southeast Asian regions.”

Expected contribution of the protocol

This systematic review protocol aims to investigate the
incidence and distribution of drug resistance as well as
challenges related to drug-resistant P. falciparum malar-
ia in endemic regions of Southeast Asia. The severity and
mortality of malaria caused by P. falciparum are consid-
ered crucial public health issues in selected regions of
Southeast Asia, including the GMS, despite the rapid-
ly declining rate of malaria cases. As a global epicentre
for multi-drug-resistant malaria, especially against arte-

misinin-based therapies, it requires focused, long-term,
sustained attention and effective interventions.

Conclusion

Antimalarial drug resistance in Plasmodium falciparum
remains a major hindrance to malaria eradication policies
in Southeast Asia, particularly within the GMS. This sys-
tematic review protocol provides a structured framework
to synthesize evidence on the spatial and temporal distri-
bution of molecular resistance markers and therapeutic
efficacy outcomes reported between 2000 and 2025. By in-
tegrating molecular, phenotypic, and geospatial evidence
under PRISMA-P guidelines, the review aims to identi-
fy resistance zones, surveillance gaps, and multidrug-re-
sistant malaria trends across the region. The findings are
expected to support evidence-based treatment policies,
strengthen regional surveillance systems, and contribute
to malaria elimination strategies in Southeast Asia.
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ABSTRACT

Introduction and aim. Glucagon-like peptide-1 receptor agonists (GLP-1RAs) are widely used in the treatment of type 2 diabe-
tes and obesity. However, their effects on the visual system remain unclear. This narrative review summarizes current evidence
and aims to clarify the association between GLP-1RAs and ocular outcomes.

Literature search. A literature search was conducted using PubMed/MEDLINE, Embase, and ScienceDirect electronic databas-
es. Findings were grouped into thematic categories: diabetic retinopathy, NAION, AMD and other ocular events, and glaucoma.
Analysis of the literature. The available evidence is heterogeneous and sometimes conflicting. GLP-1RAs may be associated
with diabetic retinopathy progression, particularly in patients with pre-existing type 2 diabetes, likely related to rapid glyce-
mic improvement rather than direct drug toxicity. Reports of NAION remain rare, and causality has not been definitively estab-
lished. The reviewed studies also indicate that GLP-1RAs may reduce AMD risk. Preclinical and observational studies suggest
possible neuroprotective and intraocular pressure-lowering effects in glaucoma, while clinical evidence remain limited.
Conclusion. Current evidence does not indicate a consistent increase in major ophthalmic adverse outcomes associated with
GLP-1RAs use. However, evidence remains limited and largely observational. Careful ophthalmic assessment and follow-up may
be considered in high-risk individuals. Further prospective studies are needed to clarify causal relationships.

Keywords. age-related macular degeneration, diabetic retinopathy, glaucoma, glucagon-like peptide-1 receptor agonists,
non-arteritic ischemic optic neuropathy, type 2 diabetes mellitus

Introduction Their high clinical effectiveness and proven cardio-

Glucagon-like peptide-1 receptor agonists (GLP-1RAs)
have become important therapeutic agents in the man-
agement of type 2 diabetes and obesity, due to their high
efficacy in glycemic and weight control.'! By mimicking
the action of endogenous glucagon-like peptide-1, they
stimulate insulin secretion in pancreatic -cells, leading
to a reduction in blood glucose levels, as well as influ-
ence neurons in the central appetite-regulating path-
ways, thus reducing appetite.”

vascular, renal, and metabolic benefits have resulted in
widespread use of GLP-1RAs among various patient
populations.*¢ In 2024, over 26% of US adults with di-
abetes reported using injectable GLP-1RAs and 1 in 8
adults in the US report having used GLP-1RAs medica-
tion.”® Due to increasing use of GLP-1RAs, evaluating
long-term safety, beyond known metabolic endpoints,
including potential visual effects, has become an im-
portant clinical and research priority.>*°
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Historically, exenatide was the first GLP-1RA med-
ication approved by the FDA as adjunctive therapy to
improve glycemic control in patients with type 2 dia-
betes mellitus in 2005. Other GLP-1RAs have since en-
tered the market, including liraglutide, dulaglutide,
lixisenatide, semaglutide, alongside the dual GIP/GLP-
1RA, tirzepatide. As further research progressed, new
indications for the use of incretin-based therapies have
emerged. Currently, most are approved for glycemic
control and to reduce the risk of major cardiovascular
events in patients with type 2 diabetes mellitus. Addi-
tionally, three of them are also registered for weight loss,
including liraglutide, semaglutide, and tirzepatide.

In recent years, researchers have reported various
possible links between GLP-1RAs and ocular safety."
However, recent studies regarding GLP-1RAs use and
occurrence of non-arteritic anterior ischemic optic neu-
ropathy have substantially expanded interest in the sys-
temic effects of incretin-based therapies. Emerging data
are, however, sometimes conflicting. These opposing
signals have contributed to ambiguity in ophthalmo-
logical recommendations and underscore a critical re-
search gap.

Additionally, ocular health is a crucial area, espe-
cially in patients with metabolic disorders who are
inherently predisposed to microvascular and neurovas-
cular eye complications, including diabetic retinopa-
thy and ischemic optic nerve disorders, and even subtle
drug-related effects may carry important clinical con-
sequences. This highlights the need to explore potential
relationships between GLP-1RAs and ophthalmologi-
cal aspects. Identifying clinically relevant domains may
help integrate ophthalmic considerations into guide-
lines for GLP-1RAs use, thereby enhancing both safety
and efficacy of these agents in routine clinical practice.

Although several reviews addressing ophthalmic
outcomes of GLP-1RAs have been published recently,
the rapidly evolving literature in this field warrants con-
tinual reassessment of the available evidence. In con-
trast to earlier reviews, the present review incorporates
studies published through 2026, including recently re-
ported ophthalmic safety signals and comparative anal-
yses involving newer incretin-based therapies such as
tirzepatide. Importantly, this review provides a broad
overview of ocular outcomes associated with GLP-
1RAs, including retinal, neuro-ophthalmic, glaucoma-
tous, and ocular surface disorders rather than focusing
on a single complication or individual agent. The re-
view also emphasizes the hierarchy and limitations of
available evidence. Additionally, mechanistic and clin-
ical data are discussed separately to improve evidence
interpretation. Given the rapidly growing global use
of GLP-1RAs and increasing number of reported ocu-
lar outcomes, an updated overview of the evidence re-
mains clinically relevant.

Aim

This narrative review aims to critically evaluate current
evidence on the association between GLP-1RAs and oc-
ular outcomes, including diabetic retinopathy, non-ar-
teritic anterior ischemic optic neuropathy, age-related
macular degeneration and other structural or function-
al eye changes, along with the neuroprotective and an-
ti-inflammatory role of GLP-1RAs, particularly in the
context of glaucoma. This review strives to clarify the
clinical relevance of reported associations and identify
the gaps requiring further investigation.

Literature search

This article is a narrative review of the available litera-
ture concerning the influence of GLP-1RAs on the visu-
al system. A structured literature search was conducted
using PubMed/MEDLINE, Embase and ScienceDirect
electronic databases for studies published up to 22 De-
cember 2025. To ensure the currency of findings and ad-
dress the rapidly evolving nature of the literature in this
field, an updated search was performed in May 2026.
The search methodology combined Medical Subject
Headings (MeSH) with relevant free-text terms, includ-
ing: (“glucagon-like peptide-1” OR “glucagon-like pep-
tide-1 receptor agonists” OR GLP-1RA OR semaglutide
OR liraglutide OR dulaglutide OR exenatide OR tirze-
patide) AND (“eye diseases” OR retinopathy OR “diabet-
ic retinopathy” OR “optic neuropathy” OR NAION OR
“age-related macular degeneration” OR “macular edema”
OR AMD OR retina OR papilledema OR glaucoma OR
“dry eye” OR “intraocular pressure” OR eye OR ocular
OR ophthalmology OR vision OR “visual impairment”).

The combined initial and updated searches yield-
ed 2,409 records. After removing duplicates, 1,565 titles
and abstracts were screened, resulting in 150 full-text
articles assessed for eligibility. Furthermore, manual
screening of reference lists and reassessment of recently
published and previously overlooked relevant literature
were performed to identify additional studies not cap-
tured during the initial database search. Ultimately, 80
studies were included in this review.

Studies were eligible for inclusion if they addressed
visual or ocular outcomes associated with the use of
GLP-1RAs in the adult human population or explored
potential mechanisms of these effects using experi-
mental or animal models. Only articles written in En-
glish and published in peer-reviewed journals were
included in the analysis. Due to the limited availabili-
ty of high-quality randomized evidence, a broad range
of study designs with varying levels of evidence was in-
cluded, comprising randomized clinical trials, cohort
studies, case-control studies, pharmacovigilance analy-
ses, case reports, and reviews. Preclinical findings were
analyzed separately from clinical data, particularly in
sections addressing potential biological mechanisms.
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Data extraction focused on the type of GLP-1RAs,
study design, study population, reported ocular out-
comes, relationships between drug exposure and visual
findings, potential confounders, and key study limita-
tions. The results were synthesized qualitatively and
organized into thematic categories, including diabetic
retinopathy (DR), non-arteritic anterior ischemic optic
neuropathy (NAION), age-related macular degenera-
tion (AMD) and other ocular events, as well as glauco-
ma. Given the narrative nature of the review, no formal
risk-of-bias assessment or quantitative synthesis was
performed. Differences between studies were discussed
in the context of study design, evidence level and clini-
cal context.

Analysis of the literature

Diabetic retinopathy

Diabetic retinopathy (DR) is a microvascular complica-
tion of diabetes mellitus that may lead to vision-threaten-
ing damage to the retina, eventually leading to blindness."?
The relationship between GLP-1RAs and DR remains
complex and is not fully consistent across studies.

Evidence from preclinical studies suggests a po-
tential protective effect. Dulaglutide has been shown to
improve retinal structure and vascular function in ex-
perimental mouse models with type 2 diabetes (T2D)."?
While preclinical models suggest potential benefits at
the retinal level, bridging the translational gap to hu-
man clinical practice remains challenging, reflecting a
multifaceted clinical reality.

Evidence from randomized clinical trials (RCTs)
did not consistently support a direct association. A me-
ta-analysis of 61 RCTs (n=188,463) found no significant
difference in risk of DR between GLP-1RAs and com-
parator therapies." In contrast, a second meta-analysis
including 13 RCTs indicated possible association with
DR worsening. Yoshida et al. identified a higher inci-
dence of rapidly worsening DR in four major RCTs with
CV benefits in T2D. The significant association between
GLP-1RAs and DR was also observed in subgroups of
RCTs with a duration exceeding 52 weeks and when
compared with placebo. A similar association was ob-
served in patients with diabetes treated for 210 years,
however it did not reach statistical significance. The pre-
sented associations were observed for liraglutide, sema-
glutide and dulaglutide.”

Observational studies in humans provide heteroge-
neous findings. A Swedish cohort study of patients with
incident T2D reported a lower incidence of DR among
GLP-1RA-treated patients compared with the non-ex-
posed group (5.97 vs 12.85 per 1000 person-years).'s
Similarly, a retrospective cohort study in Saudi Arabia
suggested improvement in DR status in patients treat-
ed with liraglutide. However, the subgroup represented
only a minority of the total population, and most pa-

tients showed no change in retinopathy status.'” Fur-
thermore, recent population based study observed that
tirzepatide was associated with a lower incidence of new
or progressive DR and fewer complications.”® Another
retrospective observational study of adults with T2D
and moderate cardiovascular risk, without history of ad-
vanced diabetic retinal complications, focused on com-
paring four antidiabetic medications groups in terms
of the risk of DR at 2 and 5 years of follow-up. GLP-
1RAs treatment was associated with a comparable risk
of vision-threatening retinopathy compared with DPP-
4is and sulphonylureas, whereas SGLT2is therapy was
associated with lower risk."” Additionally, in a separate
cohort study of 981 patients, GLP-1RAs were not asso-
ciated with DR progression compared with SGLT2is.?

Conversely, other large observational analyses re-
ported an increased incidence of DR among patients re-
ceiving GLP1-RAs.2"? Waj et al. also observed a higher
rate of progression of proliferative diabetic retinopathy
after 1 and 3 years in a GLP1-RAs cohort compared with
SGLT2i-treated patients.”® Similarly, increased risk of
progression of pre-existing DR was reported in patients
receiving GLP-1RAs in additional cohort study, with
tractional retinal detachment identified as a major driv-
er of this association.” A small cohort study, consisting
of 4,500 patients with DR, observed DR progression in
3 of 19 treated with GLP-1RAs, whereas no progression
was noted in the control group.”

An increase in the risk of DR complications com-
pared to placebo was also observed in SUSTAIN-6,
a pre-registration trial of cardiovascular outcomes.
Importantly, this signal was not observed across the
SUSTAIN 1 to 5 and Japanese trials. Furthermore, the
SUSTAIN-6 findings were not replicated in the cardio-
vascular outcome trials of liraglutide (LEADER) or du-
laglutide (REWIND), nor in the PIONEER 6 trial for
oral semaglutide. The results of the SUSTAIN-6 study
were attributed to the magnitude and rapidity of HbAlc
reduction during the first 16 weeks of treatment, partic-
ularly in patients with pre-existing DR and poor glyce-
mic control which may partially explain discrepancies
in the results.” To address these discrepancies, the on-
going prospective FOCUS trial (NCT03811561) is
specifically investigating the long-term effects of sema-
glutide on DR.

Consistent with this interpretation, Berkovic and
Strollo, analyzing the effect of semaglutide on patients
with diabetes and obesity, suggested that DR events
observed with semaglutide therapy may be related
with rapid glycemic improvement rather than a direct
drug-related effect.”” Additionally, comparative analyses
between different GLP-1RAs representatives (liraglu-
tide, dulaglutide, exenatide) did not demonstrate sig-
nificant differences in DR risk.?® The significance of the
route of administration was also evaluated, with higher



The eye in the era of GLP-1 receptor agonists — a narrative review of current evidence 551

rate of retinal adverse events, including DR, reported af-
ter subcutaneous compared with oral semaglutide.”’

Overall, the available evidence, largely derived from
observational studies with inconsistent findings, sug-
gests heterogeneous effects of GLP-1RAs on DR and
may depend on baseline patient characteristics, glyce-
mic control and study design.

Heterogeneity in DR definitions, study design, and
lack of standardized ophthalmic endpoints likely con-
tributed to the inconsistent findings across studies. Pre-
clinical studies focused mainly on precise molecular and
retinal structural changes, whereas clinical studies eval-
uated heterogeneous outcomes, including incident DR,
DR progression, proliferative or vision-threatening DR,
retinal adverse events and need for retinal interventions.
These methodological differences limit direct compari-
son and interpretation of the available evidence.

Non-arteritic anterior ischemic optic neuropathy
Non-arteritic anterior ischemic optic neuropathy
(NAION) is characterized by acute ischemic damage of
the optic nerve head resulting in abrupt, painless, usu-
ally unilateral vision loss and optic disc edema.’**! The
potential association between the use of GLP-1RAs
and NAION has recently attracted attention. Howev-
er, evidence remains inconsistent and methodological-
ly limited.

Evidence from randomized clinical trials is limited
and does not support a clear association between GLP-
1RA use and NAION. A meta-analysis by Silverii et al.
assessed available RCTs and found no significant differ-
ence in NAION risk between patients treated with GLP-
1RAs and comparator groups.”? Recent meta-analysis
including >1.5 million patients, reported the associa-
tion between GLP-1RAs and elevated NAION risk (OR
1.70), however the absolute risk difference remained
low (0.037%).?* Furthermore, a dedicated safety evalu-
ation of placebo-controlled clinical trials, demonstrated
comparable NAION incidence between GLP-1RAs and
placebo groups.* However, it should be explicitly stated
that NAION is a rare outcome and was not a primary
endpoint in any of the analyzed RCTs, limiting their sta-
tistical power to detect such events.

Observational studies have reported signals sug-
gesting a possible association, although their findings
are heterogeneous. The issue was first brought to pub-
lic attention by Hathaway et al. in a retrospective cohort
study including patients with T2D or obesity treated
with semaglutide, without a prior history of NAION.
The study reported a higher incidence of NAION among
semaglutide-treated patients compared with individ-
uals receiving other antidiabetic or anti-obesity med-
ications.” Similarly, a large Danish nationwide cohort
study including all individuals with T2D in Denmark
(n=424,152) observed more than a twofold increase in

NAION risk after five years of semaglutide use. More-
over, the study noted that the record-high incidence of
first-time NAION episodes in 2019-2023 was temporal-
ly coincident with the introduction of semaglutide on
the Danish market in November 2018.% These outcomes
were mirrored in a study comparing semaglutide with
SGLT2is, which included data from national health reg-
isters in Denmark and Norway, where the final pooled
hazard ratio was 2.81.”” Similarly, a recent large cohort
study among US Veterans demonstrated an increased
NAION risk among semaglutide initiators compared
with SGLT2is users.*® This trend was further reflect-
ed in a retrospective cohort study concerning patients
with T2D initiated on GLP-1RA therapy compared with
DPP-4is-treated patients.” Notably, data regarding the
temporal relationship, indicates that the timing and du-
ration of GLP-1RAs treatment may significantly influ-
ence clinical outcomes.” This aspect emphasizes the
complexity of the association and potentially explains
the discrepant findings across previous literature, as dif-
ferent studies varied in drug exposure definition and the
specific treatment timelines. Importantly, despite hazard
ratios of concern reported in several studies, the abso-
lute incidence increase remains low.

A multi-database study, including 37.1 million in-
dividuals with T2D, found only a slight increase in
NAION risk associated with semaglutide exposure in
a self-controlled case series analysis. Notably, the haz-
ard ratio for NAION was higher only when compared
to empagliflozin and showed no difference to any other
non-GLP-1RAs interventions when a sensitive NAION
definition was applied.*’ In other retrospective cohort
study including patients with T2D without a known
history of any eye disorder, the incidence of NAION
was higher in semaglutide and tirzepatide cohort com-
pared with other antidiabetic drugs, however the abso-
lute risk remained very low (35 patients [0.04%] vs 19
patients [0.02%], HR 1.76).** This is further illuminated
by other large-scale global and multi-databases cohort
studies, which reported only a modest increased risk of
NAION associated with GLP-1RAs exposure.** Con-
sistently, a real-world cohort analysis incorporating
sensitivity analyses did not confirm a statistically sig-
nificant increase in risk after adjustment for confound-
ers.*s Similarly, Ramsey et al. observed no statistically
significant change in NAION risk among patients re-
ceiving GLP-1RAs therapy in their cohort study.”' Re-
gional real-world data from a Polish cohort did not
observe an increased risk of NAION associated with
GLP-1RAs therapy, suggesting that risk signals dimin-
ish after rigorous adjustment for baseline metabolic pa-
rameters.”

Crucially, recent retrospective cohort analysis in-
cluded over 1.2 million individuals. After adjustment
for comorbidities, the authors observed significantly
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decreased risk of NAION in patients with T2D treated
with semaglutide (OR=0.36).%

Pharmacovigilance data from the FAERS database
have suggested higher risk of NAION associated with
semaglutide use compared with other antidiabetic or an-
ti-obesity medications.” However, such reporting sys-
tems are inherently limited by underreporting, reporting
bias and incomplete clinical information, thus restricting
the ability to establish a definitive association.

Case reports provide an additional signal but rep-
resent the lowest level of clinical evidence. Sever-
al case reports describe cases of NAION associated
with GLP-1RAs therapy.”** These include a case of
47-year-old woman without known risk factors and
with a BMI=27.92 who developed NAION after GLP-
1RAs therapy, including liraglutide and semaglutide,
for weight loss. The temporal relationship between drug
initiation and disease onset and clinical course, suggest-
ed a potential role of GLP-1RAs therapy in the devel-
opment and progression of NAION.* However, such
reports are inherently limited by the absence of a control
group and are insufficient to confirm a direct drug-re-
lated effect. Additionally, case reports often concern pa-
tients with established risk factors, such as hypertension
and hyperlipidemia® or anatomical predispositions like
small Bruch’s membrane opening diameter and crowd-
ed optic disc.”

Glaucoma - a neuroprotective and anti-inflammatory
role of GLP-1RAs

Evidence regarding GLP-1RAs and glaucoma is de-
rived primarily from observational studies, with lim-
ited high-quality clinical data. Current evidence may
be broadly divided into observational studies evaluat-
ing glaucoma incidence, clinical studies assessing intra-
ocular pressure (IOP) and mechanistic and preclinical
studies. Available cohort analyses suggest that GLP-
1RAs use may be associated with reduced risk of glau-
coma development.>** However, these findings should
be interpreted with caution, as they are subject to resid-
ual confounding.

Clinical incidence data

Some observational studies reported a greater risk re-
duction with GLP-1RAs compared with other antidia-
betic medications.’*>¢ Importantly, a nationwide study
observed that prolonged GLP-1RA treatment extending
beyond 3 years further reduced the risk.* No significant
influence of ethnicity, race, sex, education or income on
the association between GLP-1RAs use and glaucoma
risk was established, although greater risk reduction was
observed in patients aged >60 years and in those with
coexisting T2D.”” Furthermore, more recent evidence
has also evaluated tirzepatide, a dual GIP/GLP-1 recep-
tor agonist. Retrospective cohort analyses suggested that

tirzepatide treatment was associated with lower rates of
primary open-angle glaucoma and ocular hypertension
compared with selective GLP-1RAs.%¢! However, these
findings remain observational and require prospective
confirmation.

Intraocular pressure (IOP) data

Reduction of intraocular pressure (IOP) is one of the
most frequently proposed mechanisms. In observation-
al analyses, Hallai et al. reported that GLP-1RAs were
associated with greater IOP reduction compared with
other antidiabetic medications, with more pronounced
effect in patients with baseline IOP >15 mmHg and in
those with pre-existing glaucoma. Additionally, no sig-
nificant difference between the injectable and oral form
of semaglutide was observed.®

Mechanistic and preclinical evidence

Beyond IOP reduction, experimental studies have sug-
gested that GLP-1RAs exert anti-inflammatory and neu-
roprotective effects on retinal ganglion cells (RGCs),
which are progressively lost in glaucoma. Elevated IOP
was associated with increased levels of pro-inflammato-
ry cytokines, including C1q, TNF-q, IL-1a, which may
contribute to neurotoxic astrocyte activation. It was also
observed that reducing IOP to physiological ranges did
not restore cytokines levels to baseline. In preclinical
models, GLP-1RAs such as NLYO01 were found to reduce
cytokine levels by modulating microglial cells activity
(responsible for C1q, TNF-a and IL-1a production).”®

Additional in vitro and animal studies, have sug-
gested that high glucose conditions induces mitochon-
drial damage and increased reactive oxygen species
overproduction, driving RGCs degeneration through
mitophagy, which plays a crucial role in neurodegener-
ative disorders, including glaucoma.**¢*® Experimen-
tal studies suggested that GLP-1RAs may mitigate the
ultrastructural mitochondrial damage and reduce lev-
els of glucose-induced ROS.% Additionally, both in vi-
tro and in vivo diabetic rat models demonstrated that
GLP-1RAs improved RGC viability by attenuating ex-
cessive mitophagy, specifically through down-regula-
tion of LC3A/B, increased p62 levels and inhibition of
the PINK1/Parkin pathway.®® Further mechanistic ev-
idence from experimental models suggests that sema-
glutide may protect RGCs against neurodegenerative
injury through modulation of glucose metabolism and
mitochondrial homeostasis.”” However, these findings
derive from preclinical studies and their clinical rele-
vance remains uncertain.

Overall, while observational and preclinical evi-
dence suggests a potential protective role of GLP-1RAs
in glaucoma, clinical evidence remains limited and does
not allow definitive association.
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AMD and other ocular events

Reported ocular manifestations associated with GLP-
1RAs may be broadly categorized into retinal and
macular disorders, ocular surface disorders, and neu-
ro-ophthalmic or inflammatory findings.

Retinal and macular disorders

Age-related macular degeneration (AMD) is a neuro-
degenerative disorder and one of the leading causes of
vision loss in individuals over 60. It progressively dam-
ages the central retina and choroid, leading to central
vision impairment and, in advanced stages, severe vi-
sual loss.®%

The potential impact of GLP-1RAs on AMD has
been explored, given the growing prevalence and public
health impact.”® These findings are derived exclusively
from observational studies and therefore do not allow
definitive conclusions. Some cohort analyses suggest a
protective association. In a recent retrospective cohort
study of non-diabetic adults receiving GLP-1RAs for
obesity treatment, exposure to GLP-1RAs was associat-
ed with a lower risk of both nonexudative and overall
AMD compared with other weight-loss pharmacother-
apies.”! McLaughlin et al. reported that in patients with
T2D, GLP-1RAs therapy was associated with a relative
risk reduction of 15% in nonexudative and 20% in exu-
dative AMD, as well as lower likelihood of progression
to intermediate or advanced stages compared with oth-
er glucose-lowering therapies (27-29%).” Similar find-
ings were reported in other cohort studies, with stronger
associations observed with longer duration of expo-
sure.”>’* However, these studies are limited by their ob-
servational design and differences in baseline metabolic
and vascular risk profiles.

In contrast, another population-based study iden-
tified an approximately two-fold increased risk of neo-
vascular AMD among patients receiving GLP-1RAs in
a large cohort study. Although this study accounted for
several comorbidities and socioeconomic factors, the
authors noted that the underlying mechanisms remain
unclear, highlighting the need for further research.”
However, this finding was not replicated in more recent
large-scale cohort analyses, which did not confirm an
increased risk of neovascular AMD.”

Additional evidence from pharmacovigilance sys-
tems, including FAERS and VigiBase, has reported sig-
nals of various vitreoretinal and ocular adverse events
temporally associated with GLP-1RAs use, including
retinal hemorrhage, vitreous hemorrhage, vitreous de-
tachment, retinal detachment, papilledema and macular
edema and macular hole, compared with metformin.”

Observational evidence regarding diabetic macular
edema (DME) remains inconsistent. Wai et al. suggested
an increased incidence of DME among patients receiv-
ing GLP-1RAs at multiple follow-up time points.” How-

ever, large database analyses including approximately
two million patients with T2D did not confirm an in-
creased risk of DME associated with GLP-1RAs therapy
after adjustment for confounders, while SGLT2is were
associated with a reduced risk.?? Similar neutral findings
were further reported by Phu et al. in comparative anal-
yses of glucose-lowering therapies.”

Ocular surface disorders

Evidence regarding dry eye disease (DED) is also incon-
sistent. A large retrospective cohort study conducted
by Su et al. reported a lower risk of clinically diagnosed
DED in patients treated with SGLT2is compared with
GLP-1 RAs, based on electronic medical records and
prescription records for dry eye medications.” By com-
parison a small prospective study reported short-term
improvements in tear film stability and tear produc-
tion in GLP-1RA-treated patients. However, the study
was limited by small sample size (n = 35) and short fol-
low-up duration and did not assess clinically diagnosed
DED incidence.® These discrepancies likely reflect dif-
ferences in study design and outcome definitions.

Neuro-ophthalmic and inflammatory findings
Rare ocular events, including diabetic papillitis, papill-
edema, optic neuritis, scleritis, and reversible bilateral
central scotomas, were described, sometimes coinciding
with rapid glycemic improvement.***"8 However, these
events were more likely related to underlying diabetic
eye disease, rapid metabolic changes, or detection bias
rather than a direct pharmacologic effect of GLP-1RAs.
Conversely, a large retrospective cohort study involving
over 36 000 patients treated with various GLP-1RAs re-
ported a low incidence of papilledema and optic neu-
ritis, without demonstrating a clear association with
GLP-1RA therapy.” Overall, these findings suggest that
currently available evidence regarding the above-men-
tioned neuro-ophthalmic adverse events associated with
GLP-1RAs remains inconsistent, and no definitive asso-
ciation has been established.

A detailed summary of key studies evaluating ocu-
lar outcomes associated with GLP-1RAs was presented
in Table 1.

Discussion
Diabetic retinopathy
DR remains a leading cause of vision loss in both work-
ing-age and older populations, and is strongly associat-
ed with longer diabetes duration, suboptimal glycemic
control, and coexisting hypertension.®

Evidence regarding the association between GLP-
1RA therapy and DR is inconsistent across study de-
signs. While several observational studies reported
a possible increased risk of DR, randomized clinical tri-
als and meta-analyses have not confirmed a consistent
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signal. Interpretation of available studies is limited by
heterogeneous DR definitions, incomplete ophthalmic
data, variable ophthalmic endpoints, short follow-up
periods, and potential confounding related to baseline
metabolic control.”>*

Rapid and substantial HbA1c reduction, particular-
ly in patients with poor baseline glycemic control, likely
represents an important confounding factor underlying
early DR worsening signals.”® This phenomenon is well
described in the context of intensive glycemic control
and is generally considered transient, with risk attenua-
tion over longer follow-up.*

Overall, current evidence suggests that association
between GLP-1RAs and DR is more likely related to
magnitude and rapidity of glycemic improvement rather
than a direct drug-specific effect. However, the quality
of evidence remains limited. Given the heterogeneity of
study designs and patient populations, residual uncer-
tainty remains. Large and long-term prospective studies
with detailed ophthalmic evaluation are needed to de-
fine risk profiles and underlying mechanisms.

NAION

Despite numerous studies suggesting an increased risk of
NAION with GLP-1RAs use,*>** these findings should
be interpreted cautiously, as several limitations have been
highlighted. The study by Hathaway et al. was based on a
single-center neuro-ophthalmology referral population,
potentially increasing susceptibility to selection bias and
limits generalizability of the findings, as highlighted in a
real-world evidence appraisal by Klonoft, Hui and Gom-
bar.* Additionally, the observed association may be re-
lated to rapid HbAlc-lowering effect of semaglutide and
tirzepatide rather than a direct drug effect.**

The interpretation of these findings is further com-
plicated by the incompletely understood pathophysi-
ology of NAION,* and its multifactorial etiology, thus
several risk factors may contribute to its development.
Patients receiving incretin-based therapies frequent-
ly present with obesity, poorly controlled diabetes, and
cardiovascular diseases, all of which are independent
NAION risk factors and may contribute to confounding
by indication.****%” Consequently, it becomes exceeding-
ly difficult to definitively isolate whether a newly diag-
nosed NAION episode is a pharmacological side effect,
or simply the natural progression of the patient’s base-
line metabolic syndrome. This methodological impedi-
ment highlights why interpreting observational data in
this specific patient population requires extreme cau-
tion. Additional risk factors remain inconsistently sup-
ported, thereby hindering the ability to obtain reliable
data on the influence of GLP-1RAs and to design an ac-
curate study addressing this issue. A crowded optic disc,
small Bruch’s membrane opening diameter, low cup-
to-disc ratio, sleep apnea, surgery, infections and vacci-

nations, vitreopapillary traction, increased intraocular
pressure, optic disc edema (i.e. in cases of papilledema)
have been reported in various studies as factors contrib-
uting to NAION development, however, their definitive
role remains debated.?*3"2%

Importantly, while several studies report concern-
ing relative risks, these numbers must be interpreted
in the context of low baseline incidence of the disease.
Given the rarity of this condition with the annual inci-
dence of NAION ranging from 2.3 to 10.2 per 100000
in the US, even a more than twofold increase in risk,
translates into a small absolute incidence rate increase
(from 0.093 to 0.228 per 1000 person-years).>*** More-
over, the low event rate limits the ability to reliably iden-
tify associations with specific patient characteristics and
to exclude unidentified confounding factors that may
influence the observed results in a sample of this size.

While a potential association between GLP-1RAs
and NAION cannot be excluded, current evidence in
the absence of prospective studies, does not allow to es-
tablish a definitive association. From a clinical perspec-
tive, given the irreversible nature of NAION, cautious
monitoring may be warranted, particularly in high-risk
individuals. However, well-designed prospective studies
are needed to clarify this relationship.

Glaucoma

Available evidence, largely observational, suggests
a possible association between GLP-1RAs use and re-
duced risk of glaucoma. However, these findings are
subject to residual confounding and cannot establish
a definitive conclusion. Differences in baseline metabol-
ic control or co-medications may partially explain the
observed associations.

Proposed biological mechanisms are primarily based
on experimental and animal studies. While such findings
provide mechanistic plausibility and may seem promis-
ing, their direct clinical relevance remains uncertain.

Overall, while GLP-1RAs show potential as modu-
lators of pathways relevant to glaucoma pathogenesis,
current evidence is insufficient to support a therapeu-
tic role. Further clinical studies are needed to determine
whether these findings translate into clinical outcomes.

AMD and other ocular events

The potential of GLP-1RAs in AMD is gaining increas-
ing attention. Some observational studies suggest that
these drugs may be associated with preserved retinal
function and slower disease progression, potentially
through anti-inflammatory and neuroprotective mech-
anisms.®7? However, the available evidence is hetero-
geneous, with large cohort studies reporting mixed
findings, including neutral associations for neovascular
AMD and a potential protective signal for non-neovas-
cular AMD across both diabetic and non-diabetic pop-
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ulations, while other reports have suggested a possible
increased risk of neovascular AMD. These discrepancies
highlight uncertainty regarding the direction and mag-
nitude of the association.””’*”*> Additionally, most cur-
rent evidence derives from observational studies, which
are inherently susceptible to residual confounding and
cannot establish definitive association. Well-designed
clinical studies are needed to clarify the role of GLP-
1RAs in AMD pathogenesis and progression.

Beyond AMD, evidence regarding other ocular ad-
verse events remains limited and heterogeneous. It is
crucial to emphasize that spontaneous reporting sys-
tems are prone to bias and may over-represent high-risk
populations, including patients with long-standing di-
abetes, suboptimal prior glycemic control, and estab-
lished microvascular complications, thereby limiting
definitive conclusions.

Most non-retinopathy ocular adverse events with
GLP-1RAs are rare and likely attributable to diabetic
eye disease rather than a direct drug effect. From a clini-
cal perspective, these findings do not warrant changes in
prescribing practices but support baseline ophthalmic
evaluation and regular follow-up in high-risk patients.

Integrated clinical implications and future directions
GLP-1 receptor expression in retinal tissue provides bio-
logical plausibility for potential direct ocular effects of in-
cretin-based therapies. Experimental models suggest that
GLP-1 receptor activation may attenuate oxidative stress,
inflammation, endothelial dysfunction, and apoptosis,
while improving blood-retinal barrier integrity and anti-
oxidant defense. These findings point to potential neuro-
protective and vasculoprotective effects rather than direct
retinal toxicity.**° Nevertheless, the available evidence is
derived from in vitro and animal models, and its clinical
relevance in human clinical practice remains uncertain.

Given the rapidly growing clinical use of dual GIP/
GLP-1 receptor agonists, evaluating the specific ophthal-
mic safety profile of tirzepatide has become highly rel-
evant. Emerging evidence suggests that its dual incretin
activity may enhance retinal neuronal resilience, poten-
tially offering broader neuroprotective and anti-inflam-
matory benefits compared with selective GLP-1RAs.
Clinically, tirzepatide demonstrated greater reductions in
HbA1c and cardiometabolic risk factors.”* As rapid glyce-
mic improvement itself may contribute to transient DR
worsening; careful ophthalmologic monitoring remains
warranted. However, large-scale real-world evidence in-
dicates that over an extended follow-up, tirzepatide leads
to a long-term reduction in DR complications.'® At pres-
ent, available evidence does not allow definitive conclu-
sions regarding superiority or inferiority of tirzepatide
with respect to ocular safety outcomes.

From a clinical perspective, current evidence does
not support modification of prescribing practices sole-

ly because of concerns regarding ocular adverse ef-
fect. Nevertheless, careful ophthalmic monitoring may
be warranted in patients with pre-existing risk factors.
Further prospective studies with standardized ophthal-
mologic endpoints are needed to clarify association be-
tween incretin-based therapy and ocular outcomes.

Conclusion

Current evidence does not consistently demonstrate an
increased risk of major ophthalmic adverse outcomes
associated with GLP-1RAs use. However, the available
data are heterogeneous and predominantly observa-
tional and therefore do not allow firm definitive con-
clusions. Signals of DR progression have been reported
in some patients treated with different GLP-1RAs. This
phenomenon appears to be more likely related to rap-
id and substantial reductions in HbAlc, rather than
a direct drug-specific toxic effect. Reports of NAION
remain rare and derive mainly from observational
studies. A definitive association with GLP-1RAs expo-
sure has not been established. For AMD, the evidence
is limited and inconsistent. Some studies suggest that
GLP-1RAs may reduce the risk of AMD or slow its pro-
gression, while other reports suggest a potential increase
in risk of neovascular AMD. The clinical relevance of
these findings remains uncertain. Most other ocular ad-
verse events are uncommon and are likely attributable
to underlying disease, detection bias, or rapid metabolic
changes rather than a direct effect of the medication. Ev-
idence regarding glaucoma is derived largely from pre-
clinical and observational studies, suggesting potential
neuroprotective and intraocular pressure-lowering ef-
fects; however, clinical evidence remains limited.

From a clinical perspective, baseline ophthalmic as-
sessment and appropriate follow-up may be considered,
particularly in individuals with pre-existing retinopa-
thy, advanced diabetes, or additional vascular risk fac-
tors. Treatment decisions should therefore be based on
individualized risk-benefit assessment, taking into ac-
count the well-established metabolic and cardiovascular
advantages of GLP-1RAs.

This narrative review highlights the need for further
well-designed prospective studies with standardized
ophthalmic endpoints, to clarify association, elucidate
underlying mechanisms, and identify patient subgroups
at increased risk of ocular complications.
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ABSTRACT

Introduction and aim. Alpha-gal syndrome is an IgE-mediated allergy to galactose-a-1,3-galactose, typically associated with
delayed hypersensitivity reactions following ingestion of mammalian meat. Severe immediate hypersensitivity reactions to
equine-derived antivenom in patients with previously unrecognized alpha-gal syndrome are rarely reported. We report one of
the first cases from South Asia of refractory anaphylaxis following equine-derived antivenom in a patient with previously undi-
agnosed alpha-gal syndrome, highlighting an important but under-recognized clinical challenge.

Description of the case. A 45-year-old Sri Lankan woman developed refractory anaphylaxis shortly after administration of
equine-derived antivenom for a Russell’s viper bite. She required intravenous adrenaline and noradrenaline infusions, fluid re-
suscitation, and high-dependency care, with subsequent full recovery. Further evaluation revealed a history suggestive of al-
pha-gal syndrome, including recurrent urticaria and wheezing following consumption of mammalian meat and dairy products,
as well as possible anaphylaxis to wasp stings. Serum alpha-gal-specific IgE levels were markedly elevated.

Conclusion. This case highlights the potential for severe hypersensitivity reactions to mammalian-derived antivenoms in pa-
tients with alpha-gal syndrome.

Keywords. alpha-gal syndrome, anaphylaxis, antivenom hypersensitivity

Introduction

Alpha-gal syndrome (AGS), an immunoglobulin E
(IgE) mediated allergy to the oligosaccharide galac-
tose-a-1,3-galactose (alpha-gal), classically presents
with delayed urticaria, angioedema, or anaphylaxis fol-
lowing ingestion of mammalian meat or meat-derived
products.! This condition is commonly associated with
sensitization triggered by bites from certain hard ticks,
particularly Amblyomma americanum in the USA. A
unique and evolving facet of this syndrome is the recog-
nition of anaphylactic reactions to medications and bio-

logics that contain mammalian-derived glycoproteins.?
However, evidence linking AGS to hypersensitivity re-
actions following equine-derived antivenom remains
limited, with only a few cases reported worldwide and
very little published experience from South Asia, where
snakebite is a major public health problem.

Aim

We report this case to highlight a biologically plausible
association between previously unrecognized AGS and
severe immediate hypersensitivity following equine-de-
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rived antivenom, and to increase clinical awareness of
this rare but potentially life-threatening complication in
regions where snakebite and alpha-gal syndrome may
coexist.

Description of the case

A 45-year-old female presented 30 minutes after sus-
taining a Russell’s viper (Daboia russelii) bite to her left
big toe. The incident occurred while she was gardening
at home. The dead specimen was brought to the hospi-
tal and identified by the medical officer. On admission,
she complained of severe local pain, vomiting, shortness
of breath, and wheezing (Table 1). She was drowsy, with
a blood pressure of 150/80 mmHg, a pulse rate of 80
beats per minute, and bilateral widespread rhonchi on
lung auscultation. Examination of the bite site revealed
two distinct fang marks, local bleeding, and tenderness,
but no oedema. The 20-minute whole blood clotting test
was noncoagulopathic (Table 2).

In view of having a non-specific systemic enven-
omation feature (vomiting), along with the positively
identified snake specimen, 20 vials of Indian polyva-
lent antivenom serum (Bharat SV Ltd, manufactured in
12/2024, lot number 18224078) were administered 60
minutes after the bite at the emergency treatment unit,
following the national guideline for snakebite manage-
ment. Subcutaneous Adrenaline 1:1000 dilution (0.25
mg) was given as premedication. Within five minutes of
starting antivenom serum, the patient developed acute
worsening of dyspnea and wheezing, accompanied
by faintness and hypotension (blood pressure, 70/40
mmHg, pulse oximeter oxygen saturation 94%). Ana-
phylaxis to antivenom was diagnosed and was treated
immediately with three intramuscular doses of adren-
aline 1:1000 dilution, 0.5 mg. As hypotension persisted
with features of shock, the reaction was classified as re-
fractory anaphylaxis, and she was commenced on intra-
venous adrenaline 0.1 pg/kg/minute and noradrenaline
infusion at 0.4 pg/kg/minute. Antivenom administra-
tion was completed with vasopressor support within 60
minutes. Additional management included fluid resus-
citation and nebulized bronchodilators. Following an-
tivenom administration and anaphylaxis management,
her respiratory distress resolved, with clear lung fields
on auscultation.

Following stabilization, the patient was transferred
to the medical casualty ward four hours after admission
and subsequently managed in the high dependency
unit. She made a full recovery and was discharged after
four days of inpatient care. The patient had no evidence
of developing venom-induced consumption coagulop-
athy with a normal international normalized ratio (Ta-
ble 2), neuromuscular paralysis or acute kidney injury.

The patient reported a previous episode of possible
anaphylaxis to a wasp sting four years earlier. Over the

past five years, she had experienced recurrent urticarial
rashes and wheezing following ingestion of mammalian
meat and milk products.

Table 1. Timeline of clinical presentation, therapeutic
interventions, and patient outcomes following Russell’s
viper envenomation and antivenom-induced anaphylaxis

Time - . . - .
m Clinical event and intervention  Clinical status and key metrics
elapsed
. Russell’s viper bite to left big toe while Dead specimen brought for
0 minutes

gardening at home. identification.

Drowsy, severe local pain, vomiting,
dyspnea, wheezing.
BP: 150/80 mmHg, PR: 80 bpm.
Lungs: Bilateral widespread rhonchi.
20-WBCT: Noncoagulopathic.

Admission to emergency
30 minutes  department. Dead snake positively
identified as Daboia russelii.

Premedication and antivenom
initiation. Given 0.25 mg
60 minutes  subcutaneous adrenaline. Started
infusion of 20 vials of Indian
polyvalent antivenom serum.

Non-specific systemic features
(vomiting).

Severe anaphylaxis onset. Antivenom
halted. Treated with 3 doses of
IM adrenaline 0.5 mg. Classified
as refractory anaphylaxis; initiated
IV adrenaline and noradrenaline
infusions.

Acute worsening of dyspnea,
wheezing, faintness, and shock.

65 minutes
BP: 70/40 mmHg, Sp0,:94%.

20 vials of antivenom administered ~ Stabilization achieved. Respiratory
120 minutes  under continuous vasopressorand distress resolved; lung fields clear
inotropic support. on auscultation.

Patient stabilized and transferred to .
4hours ) Hemodynamically stable.
the medical casualty ward.

Inpatient monitoring. Serial testing  No evidence of VICC, neuromuscular

Days1-3 performed. paralysis, or acute kidney injury.

Day 4 Discharge home.

There was a strong family history of allergic disor-
ders and anaphylaxis. Her mother died at approximately
60 years of age following a possible anaphylactic reac-
tion to wasp stings. Her elder sister suffers from urticar-
ia triggered by fish, meat, insect bites, and even water
exposure. Additionally, the elder sister’s two daugh-
ters also experience urticarial reactions following in-
sect bites. Notably, male family members are unaftected.
Assessment of physical urticaria subtypes revealed der-
matographia in both the patient and her sister. The sister
additionally demonstrated aquagenic and cold urticar-
ia, while other subtypes (cholinergic, delayed pressure,
vibratory, solar, and exercise-induced) were absent in
both individuals.

Serum testing revealed a markedly elevated al-
pha-gal-specific IgE level of 17.1 KUA/L (immunoCAP
class 3, high positive: 3.50-17.49 kUA/L), supporting the
diagnosis of alpha-gal syndrome. This was performed
using the allergen-specific IgE fluorescent enzyme im-
munoassay (Phadia ImmunoCap, Phadia 100). Her to-
tal IgE level was 468.3 IU/L, with an alpha-gal-specific
IgE-to-total IgE ratio of 3.6%, which is associated with
a high likelihood of clinically significant meat allergy.
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There is no universally accepted reference range for the
ratio.> However, these values are considered clinically
meaningful for risk stratification and diagnostic pur-
poses.** Serum tryptase was not measured due to un-
availability.

Table 2. Laboratory investigations performed during
hospitalization*

Investigations Reference range Day 1 Day 3
White cell count 4-10 x10°/L 14.53 12.49
Neutrophils 50-70% 953 90.6
Lymphocytes 20-40% 23 8.1
Eosinophils 1.0-6.0% 0.0 0.0
Haemoglobin 11-17 g/dL 1.4 1.8
Platelets 150-400 x10°/L 347 380
Blood urea 2.8-7.7 mmol/L 438 NR
Serum creatinine 60—120 pmol/L 94 84
Sodium 135-148 mmol/L 146 146
Potassium 3.6-5.0 mmol/L 32 41
C-reactive protein <5mg/L 3.99 NR
Prothrombin time 12.3-16.3s 15.9 16.3
International normalised ratio <15 1.13 0.92
Activated partial thromboplastin time 25-38s 228 NR

Urine full report protein trace; pus cells 10~12/HPF; red cells

50-60/HPF
reactive changes due to inflammation, no
evidence of microangiopathic hemolytic anemia

Blood picture

* NR - not repeated, HPF - high power field

Discussion

Refractory anaphylaxis developed immediately after an-
tivenom administration in this patient, requiring dual
vasopressor support. The temporal relationship between
antivenom administration and the onset of anaphylax-
is, together with markedly elevated alpha-gal-specific
IgE levels, suggests a biologically plausible association
between underlying alpha-gal sensitization and severe
immediate hypersensitivity following equine-derived
antivenom. However, in the absence of definitive immu-
nological confirmation, a causal relationship cannot be
established. While similar reactions have been report-
ed previously, this case adds to the limited literature by
describing severe refractory anaphylaxis following Rus-
sell’s viper antivenom in South Asia, in a patient with
previously unrecognized alpha-gal syndrome and a fe-
male-predominant familial clustering of allergic man-
ifestations. The case also highlights the diagnostic and
therapeutic challenges encountered in resource-limited
emergency settings.

Previous reports have described immediate hyper-
sensitivity reactions to equine-derived antivenom in pa-
tients with alpha-gal syndrome and have demonstrated
that alpha-gal epitopes present on equine F(ab’), an-
tivenoms can trigger IgE-mediated reactions.'*'* How-
ever, published cases remain few, and most originate
from North America or Europe. In contrast, our pa-

tient developed refractory anaphylaxis following Indi-
an polyvalent Russell’s viper antivenom in the setting of
previously unrecognized alpha-gal syndrome in South
Asia. This case therefore extends the existing literature
by illustrating the relevance of alpha-gal syndrome in a
region where snakebite is common, and access to spe-
cialized allergy investigations is limited.

Hard tick species (Ixodidae), recognized as vectors
associated with alpha-gal syndrome in other regions, are
present in Sri Lanka. Recent evidence also supports the
occurrence of alpha-gal syndrome in Sri Lanka, with
Amblyomma testudinarium proposed as a possible vec-
tor.>® This case underscores an underrecognized risk in
snakebite management in tick-endemic regions, where
alpha-gal syndrome may be prevalent yet largely undi-
agnosed. Alpha-gal syndrome is an IgE-mediated aller-
gy to galactose-a-1,3-galactose, classically associated
with delayed reactions after mammalian meat ingestion,
whereas intravenous exposure to alpha-gal-containing
products can trigger immediate anaphylaxis.”®

Some snake venoms contain terminal alpha-galac-
tosyl residues, such as those from some cobra species
(genus Naja).” However, whether Russell’s viper ven-
om contains this epitope is yet unknown. Antivenoms
derived from mammalian serum, such as horse serum,
contain the galactose-a-1,3-galactose (alpha-gal) epi-
tope, which is a known target of IgE-mediated hyper-
sensitivity in patients with alpha-gal syndrome. Pepsin
digestion removes the Fc portion but does not elimi-
nate N-linked glycans on Fab fragments that carry the
alpha-gal epitope. This epitope binds pre-existing hu-
man anti-alpha-gal IgE, triggering basophil activation
and anaphylaxis, with higher reaction rates observed
in F(ab’), antivenom compared to Fab products.*!! Re-
searchers have identified the alpha-gal epitope as a tar-
get of IgE-mediated reactivity in equine antivenoms,
thereby explaining how individuals with alpha-gal syn-
drome can experience immediate anaphylaxis upon first
administration. Consequently, the presence of these epi-
topes in Indian polyvalent antivenom is a biologically
plausible cause of such reactions in sensitized patients,
as this specific antivenom (Bharath SV Ltd) has been
confirmed to contain alpha-gal and elicit high levels
of basophil activation in clinical studies. However, it is
noteworthy that conflicting findings have been report-
ed, with specific IgE against a-gal not being a major trig-
ger of early anaphylactic reactions in Laotian snakebite
patients who received Thai antivenom.'>"?

Familial clustering and emerging data on intrinsic
host risk factors (including non-B-antigen ABO blood
groups and a family history of alpha-gal or other aller-
gies) suggest that, beyond tick exposure alone, some in-
dividuals may have an underlying susceptibility to the
clinical manifestations of alpha-gal syndrome.'* Heredi-
tary a-tryptasaemia is a well-described familial trait that
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increases baseline tryptase and can amplify anaphylaxis
risk and severity, so it is a biologically plausible contrib-
utor to multigenerational clustering of severe reactions;
it does not replace tick exposure as the main driver of
a-gal IgE sensitisation.”

The management of snakebite in a patient with
alpha-gal syndrome creates a therapeutic dilem-
ma. The standard of care, the administration of poly-
clonal antivenom derived from horse serum, carries a
high alpha-gal load and poses a risk of anaphylaxis.'s
Pre-medication protocols, graded challenge, or con-
sideration of novel, low-IgE antivenoms are options for
preventing such complications.'*"”

This case has several limitations. First, the indica-
tion for antivenom administration was not unequivo-
cal, as the patient did not develop definitive evidence
of systemic envenomation such as coagulopathy, neuro-
toxicity, or progressive systemic manifestations beyond
persistent vomiting. This represents an important clin-
ical consideration, as unnecessary antivenom exposure
may increase the risk of severe hypersensitivity reac-
tions. Although snake venom itself may have contrib-
uted to the allergic reaction, the anaphylactic episode
occurred shortly after antivenom administration, mak-
ing antivenom the more likely trigger. Furthermore,
several specialized investigations were unavailable, in-
cluding serial serum tryptase measurements, antiven-
om-specific IgE assays, and basophil activation testing.
Therefore, although alpha-gal syndrome is biologically
plausible, definitive immunological confirmation could
not be established. In addition, serial follow-up mea-
surements of alpha-gal-specific IgE were unavailable;
therefore, changes in sensitization over time following
avoidance of mammalian products and subsequent tick
exposure could not be assessed.

Patient’s perspective

This patient was concerned about her medical condi-
tion, as she had lost her mother due to an anaphylac-
tic reaction, and she was also having similar reactions.
Therefore, she wants to know how to prevent recurrenc-
es, what other tests are available to aid in diagnosis, and
what treatment options are available. She was happy
with our diagnosis and the instructions, and she and her
family members will be more cautious about future ex-
posures that could trigger additional allergic reactions.

Conclusion

A high index of clinical suspicion for alpha-gal syn-
drome is needed in patients presenting with unex-
plained anaphylaxis, recurrent reactions to insect stings,
mammalian meat allergy, or severe reactions to biolog-
ic products, including antivenom. An important clinical
learning point from this case is that the indication for
antivenom administration was not unequivocal, as the

patient did not develop objective evidence of systemic
envenomation such as coagulopathy, neurotoxicity, or
progressive systemic manifestations beyond persistent
vomiting. This highlights the importance of assessing
the risk-benefit balance before administering antiven-
om, particularly in patients with a history suggestive of
severe allergic disease. Future studies are warranted to
determine whether routine risk assessment or alterna-
tive antivenom strategies could improve patient safety.
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ABSTRACT

Introduction and aim. Pompe disease-carrier pregnancies present complex management challenges that require integrated
genetic, biochemical, and psychosocial interventions. The current literature lacks comprehensive management frameworks
that address the multifaceted needs of these high-risk pregnancies.

Description of the case. We report the treatment of a 31-year-old South Asian woman with three previous pregnancies af-
fected by Pompe disease using a systematic multidisciplinary protocol developed following the current European Reference
Network guidelines. Both partners were compound heterozygous carriers with documented pathogenic variants. The proto-
col integrated early genetic diagnosis through sampling of the chorionic villus, systematic biochemical monitoring, structured
psychological support, and coordinated multidisciplinary care involving eight specialist services. Maternal psychological scores
showed substantial improvement with the Edinburgh Postnatal Depression Scale decreasing from 14 to 2 (86% improvement)
and the Generalized Anxiety Disorder Scale decreasing from 12 to 1 (92% improvement) after protocol-based psychological
support without concurrent medication or therapy. Six-month follow-up confirmed sustained clinical and psychological ben-
efits with normal infant development.

Conclusion. This case demonstrates the feasibility of implementing a systematic multidisciplinary care framework for Pompe
disease-carrier pregnancy. Although preliminary results are encouraging, validation through larger cohort studies is necessary
before widespread implementation, considering resource availability, genetic diversity, and cultural factors that may influence
reproducibility in different healthcare settings.

Keywords. lysosomal storage disorders, multidisciplinary care, Pompe disease, pregnancy management, prenatal diagnosis

Introduction tial psychological burden on the family.>* Current liter-

Pompe disease, or glycogen storage disease type II, is
a rare autosomal recessive lysosomal storage disorder
caused by acid alpha-glucosidase (GAA) deficiency,
leading to glycogen accumulation in cardiac and skeletal
muscle.! Global birth prevalence is estimated at 2.0 cas-
es (95% CI: 1.5-2.4) per 100,000 live births.> When both
partners carry pathogenic variants of GAA, subsequent
pregnancies carry a 25% risk of recurrence and substan-

ature on managing such high-risk pregnancies remains
limited, consisting largely of isolated case reports rath-
er than structured evidence-based management frame-
works.4 Pregnant women with rare diseases have been
identified as a particularly vulnerable population, with
recent reviews emphasizing the need to address physi-
cal, emotional, and psychological dimensions of care
concurrently.® In 2024, the European Reference Network
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for Metabolic Diseases (MetabERN) published clinical
pathway recommendations for Pompe disease that em-
phasize coordinated multidisciplinary care, but practical
guidance on applying these recommendations within an
actual pregnancy care pathway remains limited.®

This report addresses that gap by describing the sys-
tematic implementation of an evidence-based multidis-
ciplinary care framework, rather than simply presenting
a rare clinical scenario. We present the case of a Pompe
disease carrier couple with three previous affected preg-
nancies to demonstrate the feasibility and real-world
practical implementation of MetabERN-aligned multi-
disciplinary care in guiding a subsequent pregnancy to
a favorable outcome.

Aim

The objective of this case report is to demonstrate the
feasibility and practical implementation of a compre-
hensive, evidence-based multidisciplinary care frame-
work for the management of pregnancy carriers of
Pompe disease, addressing existing gaps between pub-
lished clinical guidelines and their application in rou-
tine clinical practice.

Description of the case

Demographics and history of the patient

A 31-year-old South Asian woman presented at 8 weeks
of gestation for specialized pregnancy management.
She had been married for nine years, with a reproduc-
tive history of three previous pregnancies, all affected by
Pompe disease, each ending in the child’s death.

Genetic background

Both partners were confirmed compound heterozygous
carriers of pathogenic GAA variants (Table 2 summariz-
es specific variants), conferring a 25% risk of recurrence
for each pregnancy.

Previous pregnancy history

- First pregnancy (2018): twin gestation, intrauterine
fetal death at 28 weeks™ gestation; autopsy showed
bilateral cardiomegaly with glycogen deposition

- Second pregnancy (2019): male infant, progressive
symptoms at 4 months of age despite enzyme repla-
cement therapy; died at 7 months of cardiorespira-
tory failure

- Third pregnancy (2020): prenatal diagnosis confir-
med affected status; delivered at 34 weeks of gesta-
tion due to severe polyhydramnios and fetal cardio-
megaly; child died at 18 months despite ongoing
treatment

Current pregnancy: diagnostic and clinical course
Written informed consent was obtained from the pa-
tient; as this report describes the application of existing

clinical guidelines rather than experimental research,
formal approval from the ethics committee was not re-
quired.

At 5 weeks of gestation, the patient underwent ge-
netic counseling and a baseline psychological evalua-
tion, which showed an Edinburgh Postnatal Depression
Scale (EPDS) score of 14, a generalized anxiety disor-
der-7 (GAD-7) score of 12, and a perceived stress scale
score of 28, consistent with significant antenatal distress.
Structured psychological support was initiated without
concurrent medication or psychotherapy (further de-
tails on the multidisciplinary care structure are provid-
ed in the discussion).

Transcervical chorionic villus sampling was per-
formed at 11 weeks of gestation, showing fetal GAA en-
zyme activity of 18.2 nmol/hour/mg protein (normal
range of 10-25 nmol/hour/mg protein). Definitive mo-
lecular testing at 13 weeks of gestation identified het-
erozygosity for only the maternal c.525delT variant,
confirming carrier status and excluding the four paren-
tal pathogenic variants.

Maternal GAA enzyme levels remained stable (2.0-
2.3 nmol/hour/mg protein, coefficient of variation 6.8%)
throughout pregnancy; the clinical significance of this
stability in carriers is not established, but provided reas-
surance alongside baseline data. The fetal anatomical sur-
vey at 16 weeks of gestation and fetal echocardiography at
20 weeks of gestation showed normal development.

In the third trimester, EPDS and GAD-7 scores had
decreased from baseline, coinciding with ongoing ge-
netic reassurance and structured psychological support;
This improvement is reported descriptively and cannot
be causally attributed to any single intervention in this
observation of a single patient.

Delivery and neonatal outcomes

Elective induction at 38 weeks and 2 days gestation re-
sulted in vaginal delivery of a healthy female neonate
(2,850 g; Apgar 8 at 1 minute, 9 at 5 minutes). Cord
blood GAA enzyme activity was normal at 22.1 nmol/
hour/mg protein. Neonatal genetic testing and echocar-
diography confirmed the prenatal findings.

Follow-up

At 6 months of age, the infant showed age-appropri-
ate developmental milestones (weight 7.2 kg, 50th per-
centile; length 66 cm, 45th percentile). Maternal EPDS
and GAD-7 scores remained low in this assessment. No
emergency visits or antepartum hospitalizations oc-
curred during this pregnancy, in contrast to the previ-
ous course of pregnancy course; these observations are
based on a single 6-month follow-up and should be in-
terpreted as preliminary.
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Discussion

Framework implementation and preliminary outcomes
This case documents a comprehensive, evidence-based
multidisciplinary approach to the treatment of pregnant
women with Pompe disease. Although further valida-
tion is necessary, its successful implementation sug-
gests potential improvements in clinical outcomes and
psychological well-being compared to family previous
pregnancy experiences.

Integration of structured psychological support
throughout pregnancy addresses the needs identified in
the recent literature on rare disease and high-risk preg-
nancies.” In this case, coordinated input from eight spe-
cialist services was associated with favorable maternal
and neonatal outcomes, consistent with reports that
multidisciplinary care models improve pregnancy out-
comes in other rare and high-risk maternal conditions.?

Psychological impact and intervention

A substantial improvement in maternal psychological
well-being occurred after structured psychological sup-
port alone, without concurrent medication or therapy.
The Edinburgh Postnatal Depression Scale improved
from 14 to 2, and the Generalized Anxiety Disorder
Scale from 12 to 1, both sustained through 6-month
follow-up. Non-pharmacological psychological inter-
ventions have been associated with measurable reduc-
tions in anxiety, depression, and stress in other high-risk
pregnancy populations, although in this single case at-
tribution of improvement specifically to our framework
requires confirmation through controlled studies.

Clinical outcomes and diagnostic accuracy

This approach ensured concordance between prenatal
and postnatal testing in this case. When parental vari-
ants are known, combined molecular and biochemical
tests represent a recommended diagnostic approach for
the diagnosis of Pompe disease prenatal and postna-
tal, providing comprehensive diagnostic information as
demonstrated in our case.’

Limitations and considerations

The principal limitations of this single case report in-
clude a significantly constrained evidence level due to
the absence of a control group and limited generalizabil-
ity arising from specific genetic variants, family history,
and institutional resources. Cultural factors, the genetic
diversity of Pompe disease, and differences in healthcare
system resources can substantially aftect reproducibility
of this approach in different settings.

Only preliminary long-term outcome data are avail-
able at six months of follow-up; larger cohorts and ex-
tended follow-up periods are needed to determine
long-term benefits or complications. Future consid-
erations include the possibility that framework modi-

fications may be required for specific genetic variants;
implementation requires specialized multidisciplinary
teams and substantial resources; and cultural and
healthcare system adaptations will be necessary for dif-
ferent populations. Cost-effectiveness analysis is needed
before a larger implementation, and healthcare person-
nel would need training in rare disease pregnancy.

Integration with current guidelines

Our approach aligns with the recommendations of the
2024 MetabERN clinical pathway for Pompe disease,
which emphasize multidisciplinary care coordination.®
Adapting these guidelines for pregnancy management
requires consideration of pregnancy-specific factors and
resource availability in different healthcare settings.

Future research directions

Despite the potential advantages of systematic multi-

disciplinary approaches, this preliminary report under-

scores the need for:

- Prospective multicenter cohort studies evaluating
effectiveness in diverse populations

- Development of validated outcome measures speci-
fically for rare disease pregnancies

- Cost-effectiveness analysis comparing systematic
frameworks to standard care

- Investigation of the optimal timing and duration of
psychological interventions

- Evaluation of long-term family impact beyond the
immediate postpartum period

Conclusion

This case demonstrates that the implementation of a
structured multidisciplinary framework for Pompe
disease carrier pregnancy management is feasible. In
this single case, the framework resulted in favorable
clinical outcomes and notable improvements in psy-
chological well-being despite three previous devastat-
ing losses.

Initial outcomes, including coordinated multidis-
ciplinary care, structured psychological support, and
successful prenatal diagnosis, are encouraging; howev-
er, this single case cannot establish the efficacy of the
framework. The observed improvements may be attrib-
utable to various factors beyond the framework itself,
including previous experiences, specific genetic variants
involved, and available institutional resources.

The most significant contributions demonstrated
were the structuring of multidisciplinary coordination
and the integration of systematic psychological support
with clinical care. Framework development and imple-
mentation required substantial resources and special-
ized expertise, which can challenge utilization across
different healthcare settings. Larger, controlled, mul-
ticenter studies, alongside cost-effectiveness analysis
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and adaptation for diverse populations and healthcare
systems, are necessary to determine the true effective-
ness and generalizability of this approach. This case rep-
resents an initial step toward the development of an
evidence-based framework for rare disease pregnancies,
which requires substantial further validation.
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Availability of materials and data

In order to maintain the integrity, transparency, and repro-
ducibility of research records, authors are encouraged to
make their experimental and research data openly avail-
able either by depositing data in repositories or by pub-
lishing the data and files as supplementary information in
this journal. The journal may request access to underlying
data, protocols, or original materials for editorial assess-
ment. Where data cannot be publicly shared due to pri-
vacy, ethical, or legal restrictions, authors must describe
the restrictions and provide a mechanism for qualified
access where feasible.

Data may be deposited with specialized service provid-
ers or institutional/subject repositories, preferably those
that use the DataCite mechanism. Large datasets and
files greater than 60 MB must be deposited in this way.
For a list of other repositories specialized in scientific
and experimental data, please consult re3data.org and
DataCite resources. The data repository name, link to
the dataset (URL) and accession number, DOI or handle
number of the dataset must be provided in the paper. The
journal Data also accepts submissions of dataset papers.

Data availability statement format guidelines
The statement should be provided as a separate section
(titled ‘Data Availability’) at the end of the main text,
before the ‘References’ section. Data availability state-
ments should include, where applicable, accession codes,
other unique identifiers and associated web links for pub-
licly available datasets, and any conditions for access of
non-publicly available datasets. Where figure source
data are provided, statements confirming this should be
included in data availability statements. Depending on
the data described in the manuscript, data availability
statements commonly take one of the following forms,
or can be a composite of the statements below:

— 'The datasets generated during and/or analyzed during
the current study are available in the [NAME] repos-
itory, [PERSISTENT WEB LINK TO DATASETS].

— The datasets generated during and/or analyzed
during the current study are available from the cor-
responding author on reasonable request.

— All data generated or analyzed during this study are
included in this published article (and its Supple-
mentary Information files).

— The datasets generated during and/or analyzed
during the current study are not publicly available
due to [REASON(S) WHY DATA ARE NOT PUB-
LIC] but are available from the corresponding author
on reasonable request.

— No datasets were generated or analyzed during the
current study.

— The data that support the findings of this study are
available from [THIRD PARTY NAME] but restric-

tions apply to the availability of these data, which
were used under license for the current study, and so
are not publicly available. Data are however available
from the authors upon reasonable request and with
permission of [THIRD PARTY NAME].

Declaration of use of Al and Al-assisted tech-
nologies in the writing process

Authors are required to disclose the use of generative Al
in the writing of scientific papers upon submission. This
guidance applies solely to the writing process and does not
pertain to the use of Al tools for data analysis or drawing
insights as part of the research process.

Generative Al and Al-assisted technologies should be
used in the writing process solely to enhance the readabil-
ity and language of the manuscript. These tools must be
employed under human supervision, with authors thor-
oughly reviewing and editing the output, as Al can pro-
duce seemingly credible content that may be inaccurate,
incomplete, or biased. Ultimately, authors are responsible
and accountable for the content of the work.

Authors should not list generative Al and Al-assisted
technologies as an author or co-author, nor cite Al as
an author. Authorship entails responsibilities and tasks
that can solely be assigned to and carried out by humans.
The Eur J Clin Exp Med does not allow the use of gener-
ative Al or Al-assisted tools to create or modify images
in submitted manuscripts. This includes activities such as
enhancing, obscuring, moving, removing, or introducing
specific elements within an image or figure. Adjustments
to brightness, contrast, or color balance are permitted as
long as they do not obscure or remove any information
present in the original. Image forensics tools or specialized
software may be used to detect suspected irregularities
in images within submitted manuscripts. Authors must
not upload confidential, personal, or patient-identifiable
information to generative Al tools.

The only exception to this policy is when AI or Al-as-
sisted tools are integral to the research design or meth-
ods, such as in Al-assisted imaging approaches used to
generate or interpret the underlying research data, par-
ticularly in fields like biomedical imaging. In such cases,
the use of AI must be described in a reproducible man-
ner within the methods section. This description should
include details on how the Al or Al-assisted tools were
applied in the image creation or alteration process, along
with the name of the model or tool, version and exten-
sion numbers, and the manufacturer.

Authors must follow the AI software’s specific usage
policies and ensure proper content attribution. When
applicable, authors may be required to provide pre-Al-
adjusted versions of images and/or the composite raw
images used to produce the final submitted versions for
editorial assessment.
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The use of generative Al and Al-assisted technologies

in scientific writing should be disclosed by including

a statement at the end of the manuscript when it is ini-

tially submitted.

— Title of new section: Use of Al and Al-assisted tech-
nologies in the writing process.

— Example of a statement: “During the preparation of
this work the author(s) used [NAME TOOL/SER-
VICE] in order to [REASON]. After using this tool/
service, the author(s) reviewed and edited the con-
tent as needed and take(s) full responsibility for the
content of the published article”

The declaration does not apply to the use of basic tools,

such as those used for checking grammar, spelling, and

references. If there is nothing to disclose, no statement
is required.

NOTE: to protect authors’ rights and the confidentiality of

their research, the Eur ] Clin Exp Med does not currently

allow the use of Generative AI or Al-assisted technolo-
gies such as ChatGPT or similar services by reviewers or
editors in the peer review and manuscript evaluation pro-
cess. Suspected breaches may result in reviewer removal
and rejection of the manuscript or other editorial actions.

Moreover, editors may decline to move forward with man-

uscripts if AT is used inappropriately.

Correction and retraction policy

The Eur J Clin Exp Med operates the following policy
for making corrections to its peer-reviewed content.
Publishable amendments must be represented by a formal
online notice because they affect the publication record
and/or the scientific accuracy of published information.
Where these amendments concern peer-reviewed mate-
rial, they fall into one of four categories: Publisher Cor-
rection (formerly Erratum), Author Correction (formerly
Corrigendum), Retraction or Addendum.

Publisher Correction (formerly Erratum). Notification
of an important error made by the journal that affects the
publication record or the scientific integrity of the paper
or the reputation of the authors or the journal.

Author Correction (formerly Corrigendum). Notifica-
tion of an important error made by the author(s) that
affects the publication record or the scientific integrity of
the paper, or the reputation of the authors or the journal.
Retraction. Notification of invalid results. All co-authors
must sign a Retraction specifying the error and stating
briefly how the conclusions are affected, and submit it
for publication. In cases where co-authors disagree, the
in-house editors may seek advice from independent ref-
erees and impose the type of amendment that seems most
appropriate, noting the dissenting author(s) in the text of
the published version.

Addendum. Notification of additional information.
Addenda are published when the in-house editors decide

that the addendum is crucial to the reader’s understand-
ing of a significant part of the published contribution.
Expression of Concern. A notice issued when serious
concerns have been raised about a publication, but an
investigation is ongoing and conclusive evidence is not
yet available.

Corrections, retractions, and expressions of concern are
published as separate notices and are permanently linked
to the original article. The online article and PDF are
clearly labeled to reflect the amendment status.

Archiving policy

Articles published in Eur J Clin Exp Med are long-term
deposited in the repository of the University of Rzeszow.
Authors of articles are permitted to self-archive the sub-
mitted (preprint) version of the article at any time, and
may self-archive the accepted (peer-reviewed) version. The
authors may also deposit the published version of the article.
On submission of the manuscript, authors may deposit
the submitted version in their personal, institutional, or
online preprint repository. The first page of the manu-
script must clearly display the following wording: “This
paper is a preprint of a paper submitted to European Jour-
nal of Clinical and Experimental Medicine (ISSN: 2544-
1361)”. If the paper is rejected, authors must remove all
mention of the journal.

The author may deposit the accepted manuscript of the
paper (accepted version of the manuscript after peer-re-
view and content amendments, but before copyediting,
typesetting and proof correction) to the author’s personal
website, provided that it is non-commercial, and to the
repository of the author’s institution with acknowledge-
ment of the Journal (acknowledgement should be made
as follows: “This is an accepted peer-reviewed version of
the paper. The published version of the article is available at
European Journal of Clinical and Experimental Medicine
(ISSN: 2544-1361), at https://doi.org/[DOI of the article]”.
Published version of an open-access article. The author
may deposit the published version of the paper (final
edited and typeset version that is made publicly avail-
able by the Publisher and can be considered an article)
to any institutional repository, and distribute and make
it publicly available in any way with acknowledgement
to the Journal (acknowledgement should be made as fol-
lows: “This is a published version of the paper, available at
European Journal of Clinical and Experimental Medicine
(ISSN: 2544-1361), at https://doi.org/[DOL of the article]”.
The journal ensures long-term digital preservation of
the version of record through institutional repository
archiving and persistent identifiers (DOIs).

Preprint policy
The Eur J Clin Exp Med permits the posting of manu-
scripts on recognized preprint servers prior to submission
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or during the peer review process. Authors must disclose
the existence of any preprint version at the time of sub-
mission and provide the preprint DOI or URL.
Preprints are not considered peer-reviewed publications
and must not be cited as references in manuscripts sub-
mitted to the Eur J Clin Exp Med.

Following publication in the journal, authors are encour-
aged to update the preprint record by providing a clear
link to the final published version of record (VoR), includ-
ing the article DOL

Sponsorship and advertising

As part of its publication policies, the Eur J Clin Exp Med
does not accept commercial sponsorships or advertise-
ments. However, the journal may post announcements on
its website for non-profit scientific and educational events.

Peer-review process

Initial checks

Once submitted, your manuscript will be assigned to a
member of our Editorial Board, who will read the paper
and decide whether it is appropriate for the journal. Man-
uscripts that are within scope and seem, on initial assess-
ment, to be technically sound and scientifically valid,
will be sent to external reviewers. Copies of any papers
containing similar or related work under consideration
or in press at other journals must be included with the
submission.

Manuscripts that do not fit the journal’s ethics policy or
do not meet the standards of the journal will be rejected
before peer-review. Manuscripts may be rejected at the
editorial screening stage due to: out-of-scope content,
insufficient novelty or methodological rigor, ethical con-
cerns, suspected misconduct, poor reporting quality, or
failure to comply with author guidelines. Manuscripts that
are not properly prepared will be returned to the authors
for revision and resubmission.

Peer review

Once a manuscript passes the initial checks, it is assigned
to at least two independent experts for peer review. The
reviewers access the manuscript securely through our
online system. The Eur J Clin Exp Med applies a sin-
gle-blind peer review process, in which the reviewers are
aware of the authors’ identities, but the authors do not
know the identity of the reviewers.

Reviewers are selected by the editorial team based on
their subject expertise and the absence of any conflict
of interest with the authors or the submitted work. Sug-
gested reviewers must not have co-authored publications
with the authors in the last five years or be affiliated with
the same institutions.

All peer review comments are treated as confidential and
will only be disclosed with the explicit consent of the

reviewer. Reviewers are expected to evaluate manuscripts
objectively, fairly, and constructively, and to refrain from
any personal criticism of the authors.

Editorial Decision

After considering the reviewer reports the Editorial Board

Member will make one of the following decisions:

— Accept outright,

— Request a minor revision, where authors revise
their manuscript to address specific concerns,
Request a major revision, where authors revise their
manuscript to address significant concerns and per-
haps undertake additional work,

— Reject outright.
The final decision is made by the Editor-in-Chief.

Revisions

In cases where the referees or Editorial Board Member
has requested changes to the manuscript, you will be
invited to prepare a revision. The decision letter will spec-
ify a deadline for submission of a revised manuscript.
Once resubmitted, the manuscript may then be sent back
to the original referees or to new referees, at the Editorial
Board Member’s discretion.

A revised manuscript should be submitted via the revision
link provided in the decision letter, and not as a new man-
uscript. Authors should attach a cover letter to explain,
*point by point*, the details of the revisions to the manu-
script and responses to the referees’ comments. The des-
tination of the cover letter file in the submission system
is ‘Supplementary File for Review’. Please ensure that all
issues raised have been addressed in the first round of
revision. Where the authors disagree with a reviewer, they
must provide a clear response. You can use a template for
responding to the reviewers’ comments

Final submission and acceptance

When all editorial issues are resolved, your paper will
be formally accepted for publication. Once accepted,
the manuscript will undergo professional copy-editing,
English editing, final corrections, pagination, and pub-
lication on the https://www.ejcem.ur.edu.pl/. The Eur J
Clin Exp Med reserves the right to make the final decision
about matters of style and the size of figures.

Appeals

Even in cases where the Eur J Clin Exp Med does not
invite resubmission of a manuscript, some authors may
ask the Editorial Board to reconsider a rejection deci-
sion. These are considered appeals, which, by policy, must
take second place to the normal workload. In practice,
this means that decisions on appeals often take several
weeks. Only one appeal is permitted for each manuscript,
and appeals can only take place after peer review. Final
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decisions on appeals will be made by the Editorial Board
Member handling the paper.

Decisions are reversed on appeal only if the relevant Edi-
torial Board Member is convinced that the original deci-
sion was a serious mistake. Consideration of an appeal
is merited if a referee made substantial errors of fact or
showed evidence of bias, but only if a reversal of that ref-
eree’s opinion would have changed the original decision.
Similarly, disputes on factual issues need not be resolved
unless they were critical to the outcome.

If an appeal merits further consideration, the Editorial
Board Member may send the authors’ response and the
revised paper out for further peer review.

ORCID

The Eur J Clin Exp Med supports the use of ORCID. The
Eur ] Clin Exp Med mandates ORCID iDs for all sub-
mitting authors; this is published on the final article to
promote discoverability and credit. Please provide the
ORCID iDs of the authors in the title page.

Submission guidelines

Submission process

Manuscripts for the Eur J Clin Exp Med should be sub-
mitted online at https://mc04.manuscriptcentral.com/
pmur. The submitting author, who is generally the cor-
responding author, is responsible for the manuscript
during the submission and peer-review process. The
submitting author must ensure that all eligible co-au-
thors have been included in the author list (read the
criteria to qualify for authorship) and that they have all
read and approved the submitted version of the manu-
script. To submit your manuscript, register and log in
to the submission website. All co-authors can see the
manuscript details in the submission system, if they
register and log in using the e-mail address provided
during manuscript submission.

Cover letter

A cover letter must be included with each manuscript
submission. It should be concise and explain why the
content of the paper is significant, placing the findings
in the context of existing work and why it fits the scope
of the journal. Confirm that neither the manuscript nor
any parts of its content are currently under consideration
or published in another journal. The names of proposed
and excluded reviewers should be provided in the sub-
mission system, not in the cover letter.

Accepted file formats

Use the Microsoft Word template to prepare your man-
uscript [download]

Authors must use Microsoft Word to prepare their manu-
script. LaTeX submissions are not accepted. Please insert

your tables, graphics (schemes, figures, etc.) in the main

text after the paragraph of its first citation.

In most cases, we do not impose strict limits on word

count or page number. However, we strongly recom-

mend that you write concisely and stick to the follow-
ing guidelines:

— We encourage not exceeding 20 pages for original
and review papers, and 8 pages for case reports of
standard computer text (1800 characters on a page).

— The main text should be no more than 4,500 words
(not including Abstract, References and Figure leg-
ends).

— The title should be no more than 20 words.

— The abstract should be no more than 200 words.

— Recommended font: Times New Roman, 12 points.

— Manuscript text should be double-spaced. Do not
format text in multiple columns.

Types of publications

Manuscripts submitted to the Eur J Clin Exp Med should
neither be published previously nor be under consider-
ation for publication in another journal. The main article
types are as follows:

Original research manuscripts. The journal considers
all original research manuscripts provided that the work
reports scientifically sound experiments and provides
a substantial amount of new information.

Reviews. These provide concise and precise updates on
the latest progress made in a given area of research. Sys-
tematic reviews should follow the PRISMA guidelines.
The Eur J Clin Exp Med accepts also the following types of
submissions: case reports, letters to the editor, commen-
taries, book reviews, and reports from scientific meetings
and conferences.

Reporting guidelines

The guidelines listed below should be followed where

appropriate. Please use these guidelines to structure

your article. Completed applicable checklists, structured

abstracts and flow diagrams should be uploaded with

your submission.

Please refer to existing guidelines for reporting meth-

odology; e.g.:

— AGREE guidelines for clinical practice guidelines

— ARRIVE guidelines for in vivo animal studies

— CARE guidelines for clinical case reports

— CONSORT guidelines for clinical trials

— PRISMA guidelines for systematic reviews and
meta-analyses

— SPIRIT for clinical trials

— STARD guidelines for studies of diagnostic accuracy

— STROBE guidelines for observational studies


https://mc04.manuscriptcentral.com/pmur
https://mc04.manuscriptcentral.com/pmur
https://journals.ur.edu.pl/ejcem/libraryFiles/downloadPublic/183
https://journals.ur.edu.pl/ejcem/libraryFiles/downloadPublic/183
http://www.agreetrust.org/resource-centre/agree-reporting-checklist/
https://arriveguidelines.org/
https://www.care-statement.org/
http://www.consort-statement.org/
http://www.prisma-statement.org/
http://www.prisma-statement.org/
http://www.spirit-statement.org/publications-downloads/
https://bmjopen.bmj.com/content/6/11/e012799
https://strobe-statement.org/index.php?id=available-checklists

Instructions for Authors

579

Manuscript preparation

Your paper should consist of the following parts.

Research manuscripts should comprise:

— Title page: Title, Author list, Affiliations.

— Research manuscript sections: Abstract, Keywords,
Introduction, Aim, Materials and Methods, Results,
Discussion, Conclusions.

— Back matter: Supplementary Materials, Acknowl-
edgments, Funding Statement, Author Contribu-
tions, Conflicts of Interest, Data Availability, Ethics
Approval, References.

Research manuscript sections:
— Introduction
State the objectives of the work and provide an adequate
background, avoiding a detailed literature survey or a
summary of the results.
— Materials and methods
Provide sufficient details to allow the work to be repro-
duced by an independent researcher. Methods that are
already published should be summarized, and indicated
by a reference. If quoting directly from a previously pub-
lished method, use quotation marks and also cite the
source. Any modifications to existing methods should
also be described.
— Results
Results should be clear and concise. The section may be
divided into subsections, each with a concise subhead-
ing. Tables and figures central to the study should be
included in the main paper. Do not use the term “sig-
nificant” unless p-values are provided. Show p-values
to 2 or 3 decimal places. The Results section should be
written in past tense.

— Discussion

This should explore the significance of the results of the

work, not repeat them. Avoid extensive citations and dis-

cussion of published literature.

— Conclusions

Summarize the workK’s findings, state their importance,

and possibly recommend further research.

Review manuscripts should comprise:

— Title page: Title, Author list, Affiliations.

— Abstract, Keywords, Literature review sections.

— Back matter: Supplementary Materials, Acknowledg-
ments, Funding Statement, Author Contributions,
Conflicts of Interest, Data Availability, References.

Structured reviews and meta-analyses should use the

same structure as research articles and ensure they con-

form to the PRISMA guidelines.

Case reports should comprise:

— Title page: Title, Author list, Affiliations.

— Abstract, Keywords. Case reports should include
a succinct introduction about the general med-
ical condition or relevant symptoms that will be
discussed in the case report; the case presentation

including all of the relevant de-identified demo-
graphic and descriptive information about the
patient(s), and a description of the symptoms, diag-
nosis, treatment, and outcome; a discussion pro-
viding context and any necessary explanation of
specific treatment decisions; a conclusion briefly
outlining the take-home message and the lessons
learned.

— Back matter: Supplementary Materials, Acknowl-
edgments, Funding Statement, Author Contribu-
tions, Conflicts of Interest, Data Availability, Ethics
Approval, References.

Requirements for case reports submitted to Eur J Clin

Exp Med:

— Patient ethnicity must be included in the Abstract
under the Case Presentation section.

— Consent for publication is a mandatory journal
requirement for all case reports. Written informed
consent for publication must be obtained from the
patient (or their parent or legal guardian in the case
of children under 18, or from the next of kin if the
patient has died).

The best way to ensure you have obtained appropriate

consent for publication in Eur J Clin Exp Med is to use

our Eur ] Clin Exp Med consent form.

Language style
Manuscripts must be submitted in English (American
or British usage is accepted, but not a mixture of these).

Title page

These sections should appear in all manuscript types:
Title: The title of your manuscript should be concise
and informative. It should identify if the study reports
(human or animal) trial data, or is a systematic review,
meta-analysis or replication study. When gene or protein
names are included, the abbreviated name rather than full
name should be used.

Author List and Affiliations: Authors’ full first and last
names must be provided. We recommend adding as pri-
mary the affiliation where most of the research was con-
ducted or supported, but please check with your insti-
tution for any contractual agreement requirements. For
each affiliation provide the details in the following order:
department, institution, city, country.

It is very important that author names and affiliations are
correct. Incorrect information can mean a lack of proper
attribution or incorrect citation and can even lead to prob-
lems with promotion or funding. After the publication of
an article, updates or corrections to the author’s address
or affiliation may not be permitted.

At least one author should be designated as correspond-
ing author, and his or her email address and other details
should be included at the end of the affiliation sec-
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tion. Please also provide the ORCID iDs of the authors
in the title page.

Independent Researcher: If one or all the authors are not
currently affiliated with a university, scientific institution
or company, or have not been during the development of
the manuscript, they should list themselves as an “Inde-
pendent Researcher”.

Abstract

The abstract should be a total of about 200 words maximum.
The abstract should be a single paragraph and should
follow the style of structured abstracts: Introduction and
aim: Place the question addressed in a broad context and
highlight the purpose of the study; Materials and methods:
Describe briefly the main methods or treatments applied.
Include any relevant preregistration numbers, and species
and strains of any animals used. Results: Summarize the
article’s main findings; and Conclusion: Indicate the main
conclusions or interpretations.

The abstract should not contain any undefined
abbreviations or unspecified references.

Keywords

Three to six pertinent keywords need to be added after
the abstract in alphabetical order. We recommend that
the keywords are specific to the article, yet reasonably
common within the subject discipline.

Back Matter

Supplementary materials: Describe any supplementary
material published online alongside the manuscript (fig-
ure, tables, video, spreadsheets, etc.). Please indicate the
name and title of each element as follows Figure S1: title,
Table S1: title, etc.

Acknowledgments: Thank all of the people who helped
with the research but did not qualify for authorship.
Acknowledge anyone who provided intellectual assis-
tance, technical help, or special equipment or materials.
Funding statement: Authors must disclose all sources
of funding and the role of the funder(s) in study design,
data collection, analysis, interpretation, and manuscript
preparation. If the funder had no role, authors should
explicitly state this.

Author contributions: Authors must supply an Author
Contribution Statement as described in the Author con-
tributions statements section

Conflicts of interest: Authors must supply a competing
interests statement. For more details please see Compet-
ing interests policy.

Data availability: Authors must include a Data Availabil-
ity Statement in all submitted manuscripts; see Availabil-
ity of materials and data section for more information.

Ethics approval: Example of an ethical statement: “All
subjects gave their informed consent for inclusion before
they participated in the study. The study was conducted
in accordance with the Declaration of Helsinki, and the
protocol was approved by the Ethics Committee of XXX
(Project identification code)”

Use of Al and Al-assisted technologies in the writing
process: Example of a statement: “During the prepa-
ration of this work the author(s) used [NAME TOOL/
SERVICE] in order to [REASON]. After using this tool/
service, the author(s) reviewed and edited the content as
needed and take(s) full responsibility for the content of
the published article”

The declaration does not apply to the use of basic tools,
such as those used for checking grammar, spelling, and
references. If there is nothing to disclose, no statement
is required.

References: References must be numbered in order of
appearance in the text (including table captions and fig-
ure legends) and listed individually at the end of the man-
uscript. We recommend preparing the references with a
bibliography software package, such as EndNote, Refer-
ence Manager or Zotero to avoid typing mistakes and
duplicated references.

References style

In-text citations and references should be prepared accord-
ing 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 superscript
Arabic numerals. These superscript numbers should be
outside periods. If you are citing sequential references,
these should be indicated with a hyphen. Nonsequen-
tial references should be separated with commas. There
should not be a space between numbers.

For example: The degree of respiratory muscles fatigue
depends on the applied exercise protocol and the research
group’s fitness level."? The greatest load with which
a patient continues breathing for at least one minute is
a measure of inspiratory muscles strength.? Diabetes mel-
litus is associated with a high risk of foot ulcers.**

Sample reference

In listed references, the names of all authors should be
given unless there are more than 6, in which case the
names of the first 3 authors are used, followed by “et al”. If
the source does not have any authors, the citation should
begin with the title.

To find the proper abbreviation of a journal, go to the
National Library of Medicine PubMed Journals Data-
base at https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?d-
b=Journals.
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Page number(s) should be inserted in full (for exam-
ple: use 111-112, not 111-2). DOIs should be provided
whenever available.
The following are examples of individual citations made
according to the required rules of editing and punctuation:
— Article from a journal, number of authors from 1 to 6
Author AA, Author BB, Author CC. Title of arti-
cle. Accepted Abbreviated Journal Title. Year;Volume(Is-
sue):Page-Page. doi (if available)
Lee JC, Seo HG, Lee WH, Kim HC, Han TR, Oh BM.
Computer-assisted detection of swallowing difficulty.
Comput Methods Programs Biomed. 2016;134(2):72-78.
doi:10.1016/j.cmpb.2016.07.010
Morris A. New test for diabetes insipidus. Nat Rev Endocri-
nol. 2019;15(10):564-565. doi:10.1038/s41574-019-0247-x
— Article from a journal, number of authors more
than 6
Author AA, Author BB, Author CC, et al. Title of arti-
cle. Accepted Abbreviated Journal Title. Year;Volume(Is-
sue):Page-Page. doi (if available)
Gonzalez ME, Martin EE, Anwar T, et al. Mesenchy-
mal stem cell-induced DDR2 mediates stromal-breast
cancer interactions and metastasis growth. Cell Rep.
2017;18:1215-1228. doi:10.1016/j.celrep.2016.12.079
Jordan J, Toplak H, Grassi G, et al. Joint statement of the
European Association for the Study of Obesity and the
European Society of Hypertension: obesity and heart
failure. ] Hypertens. 2016;34:1678-1688. d0i:10.1097/
HJH.0000000000001013
— Websites
Author AA (if indicated). Webpage title. Name of Web-
site. URL. Published or Updated date. Accessed date.
Cholera in Haiti. Centers for Disease Control and Preven-
tion Web site. https://www.cdc.gov/haiticholera/. Published
October 22, 2010. Updated January 9, 2012. Accessed
February 1, 2012.
Address double burden of malnutrition: WHO. World
Health Organization site. https://www.searo.who.int/medi-
acentre/releases/2016/1636/en/. Accessed February 2,2017.
— Book
Author AA, Author BB. Title of Work. Location: Pub-
lisher; Year:Page-Page
Doane GH, Varcoe C. Family Nursing as Relational
Inquiry: Developing Health— Promoting Practice. Phila-
delphia, PA: Lippincott Williams & Wilkins; 2005:25-28.
London ML, Ladewig PW, Ball JW, et al. Maternal & Child
Nursing Care. Upper Saddle River, NJ: Pearson Educa-
tion; 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 Pub-
lisher; Year:Page-Page.
Grimsey E. An overview of the breast and breast can-
cer. In: Breast Cancer Nursing Care and Management.

2nd ed. Harmer V, ed. Chichester, UK: Wiley-Blackwell;

2011:35-42.

— Manuscripts “in press” may be included in the refer-
ence list if they have been accepted for publication in
a peer-reviewed journal but have not yet been pub-
lished in their final form, provided they are citable
with a DOI (Digital Object Identifier) and the jour-
nal name is specified.

— Abstracts: If citing an abstract is necessary because
it contains data not published elsewhere, it must be
clearly designated as such in both the text and the
reference list.

The following sources should not be included in the ref-

erence list

— Unpublished observations including personal com-
munications

— Submitted manuscripts and manuscripts in prepa-
ration

— Preprints

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

Figures and schemes must be provided during submission
in sufficiently high quality (minimum 1000 pixels in either
dimension or a resolution of at least 300 dpi). Common
file formats are accepted; however, TIFE JPEG, EPS, and
PDF are preferred.

All figures, schemes, and tables must be embedded in
the main manuscript file and placed next to the relevant
text, not at the beginning or end of the document. Figure
captions should be placed directly below the figure (not on
the figure itself), and table titles above the table. All figures,
schemes, and tables must be numbered consecutively
according to their first appearance in the text (Figure 1,
Scheme 1, Table 1, etc.) and must be cited in the text in
numerical order.

Tables should present new information and must not
duplicate content already described in the text. Each
table must be understandable independently and
include clear and explanatory column headings. Tables
must be provided in an editable format and placed in
the appropriate location within the manuscript. Tables
submitted as image files (e.g., JPEG, TIFF) or as separate
files will not be accepted. For large tables, smaller fonts
may be used, but not smaller than 8 pt.

All text within figures and tables must be in English and
remain clearly legible after reduction.

Any image manipulation that could misrepresent data
(e.g., selective enhancement, splicing without disclosure)
is prohibited; original/raw images may be requested for
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verification. The journal may conduct image integrity
checks and request original, unprocessed image files.

Copyright and Permissions

All figures, schemes, and illustrations must be original or
legally reusable. Authors are fully responsible for ensuring
compliance with copyright regulations. Simple citation
of the source (e.g., “Source: [reference]”) is not sufficient
and does not constitute permission.

Figures reproduced or adapted from previously published
works require explicit permission from the copyright
holder, unless the original publication is licensed
under a Creative Commons license permitting reuse.
Reused figures must be clearly labeled in the caption as
“Reproduced from” or “Adapted from”, include the full
reference, and specify the applicable license or confirm
that permission has been obtained. Third-party material
not covered by CC BY must be clearly indicated in the
caption and may require separate permission for reuse.

Submission of identical figures previously published
elsewhere without documented permission constitutes
a serious breach of publication ethics and may result in
rejection at the editorial screening stage.

The Editorial Office reserves the right to request
modification, replacement, or removal of any figure,
scheme, or table that does not meet technical, ethical, or
editorial standards. By submitting a manuscript, authors
confirm that all figures, schemes, and tables comply with

copyright requirements and that all necessary permissions
have been obtained.

Persistent identifiers and metadata

The journal assigns DOIs to all published articles and
deposits metadata to support indexing, citation linking,
and long-term discoverability. Authors are encouraged
to provide ORCID iDs and funder information to ensure
accurate attribution.

Abbreviations

The journal requires using only standard abbreviations.
Common abbreviations such as DNA and RNA do not
require definitions. 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. Use the following abbreviations for
measurement units: gram (g), litre (L), milligram (mg),
kilogram (kg), seconds (s), minutes (min), and hours
(h). Do not add ‘s’ to indicate plural forms of units. Keep
abbreviations to a minimum.

Sl 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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