
843Exploring the role of B complex vitamins in reproductive health – valuable insights and unresolved issues regarding premature ovarian failure

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

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

Eur J Clin Exp Med 2025; 23 (4): 843–852

ORIGINAL PAPER

Rzeszów University Press 2025
ISSN 2544-1361 (online)
doi: 10.15584/ejcem.2025.4.3

Corresponding author: Hayder Ridha-Salman, e-mail: hayder80.ridha@gmail.com

Received: 28.02.2025 / Revised: 4.05.2025 / Accepted: 5.06.2025 / Published: 30.12.2025

Hashim DA, Abdulbari AS, Ali NM, Al-Qaisi AHJ, Abu-Raghif AR, Ridha-Salman H. Exploring the role of B complex vitamins in re-
productive health – valuable insights and unresolved issues regarding premature ovarian failure. Eur J Clin Exp Med. 2025;23(4):843–
852. doi: 10.15584/ejcem.2025.4.3.

Exploring the role of B complex vitamins in reproductive health – 
valuable insights and unresolved issues regarding premature 

ovarian failure

Dena A. Hashim  1, Alaa Sh. Abdulbari  2, Noor M. Ali  1, Alaa Hussein J. Al-Qaisi  1,  
Ahmed Rahmah Abu-Raghif  3, Hayder Ridha-Salman  4

1 Department of Chemistry, College of Sciences, Al-Nahrain University, AL-Jadriya, Baghdad, Iraq 
2 Department of Applied Chemistry, College of Applied Sciences, University of Technology-Iraq, Baghdad, Iraq 

3 Department of Pharmacology, College of Medicine, Al-Nahrain University, Baghdad, Iraq 
4 Al-Mustaqbal University, College of Pharmacy, Hillah, Babylon, Iraq 

ABSTRACT
Introduction and aim. Premature ovarian failure (POF) is a condition distinguished by a decline in ovarian follicles in women 
under 40 leading to a disruption in the normal menstrual cycle and fertility. Vitamin B-6 (pyridoxine) and vitamin B-12 (cyanoco-
balamin) play an important role in ovarian health. The aim was to investigate the effects of vitamins B-6 and B-12, for predicting 
POF via the association of these vitamins with other biochemical parameters. 
Material and methods. A total of 80 participants with age ≤ 40 years, 40 POF women, and 40 fertile control women were re-
cruited in this study from November 2023 to March 2024. Serum levels of prolactin (PRO), thyroid hormones, estradiol (E-2), 
progesterone, follicle stimulating hormone (FSH), luteinizing hormone (LH), 17-alpha hydroxylase, and inhibin alpha (INH-α) 
were measured using the ELISA technique while vitamins B-6 and B-12 were measured by HPLC. 
Results. Serum levels of reproductive hormones (LH, E2, progesterone, and testosterone), vitamin B-6, B-12, T3, T4, 17-alpha hy-
droxylase, and INH-α were markedly reduced in POF patients, while levels of FSH, TSH, and PRO were significantly elevated 
compared to healthy controls. 
Conclusion. This study highlights the critical role of vitamins B-6 and B-12 in the pathophysiology of POF, suggesting their po-
tential as biomarkers for diagnosis and prognosis. 
Keywords. 17-alpha-hydroxylase, inhibin-alpha, premature ovarian failure, vitamin B-6, vitamin B-12

Introduction 
Premature ovarian failure (POF) is a condition that af-
fects women’s reproductive health, with its occurrence 
becoming more prevalent in recent years.1 POF, of-
ten referred to as premature menopause, occurs when 
a woman experiences cessation of ovarian activity and 
amenorrhea before turning 40, along with the serum 

FSH level that rise to the menopausal range. This con-
dition can result in infertility and can cause both phys-
ical and emotional challenges.2-4 Women with POF face 
a higher risk of psychological disorders, cardiovascular 
problems, osteoporosis, autoimmune diseases, cognitive 
impairment, and infection of the urinary and reproduc-
tive systems compared to those without the condition.5-7 
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Ovarian follicles are composed of three types of cells: 
granulosa cells, oocytes, and theca cell. Granulosa cells 
and oocytes contain follicle-stimulating hormone (FSH) 
and luteinizing hormone (LH) receptors, which play a 
critical role in follicular growth and development.8-10 
Folliculogenesis is a structured process involving the 
maturation of follicles in preparation for ovulation.11-13 
However, this process is disrupted in cases of POF.1,14,15 
Biochemically, POF is defined by reduced levels of go-
nadal hormones, such as estrogens and inhibins, accom-
panied by elevated gonadotropins (LH and FSH), a state 
referred to as hypergonadotropic amenorrhea. This in-
crease in FSH is typically more pronounced than that of 
LH, with FSH levels exceeding 30 IU/L serving as a di-
agnostic indicator of ovarian failure.16-19 

Genetic, immunological, metabolic, viral, and me-
dicinal factors all contribute to the etiology of POF.2,20-23 
B complex, as water-soluble vitamin, is a critical com-
pound for overall cellular metabolism.24 Pyridoxine 
(B-6) plays an essential role in the regulation of thy-
roid and sex hormones, the promotion of ovarian mat-
uration, and the production of vital female hormones 
such as estrogen and progesterone. It is believed to reg-
ulate the activity of various steroid hormone receptors 
at the transcriptional level.25 Cobalamin (B-12) is a cor-
rin-based compound containing a corrin ring and plays 
a critical role in human somatic cell metabolism.26 B-12 
is essential for nervous and reproductive systems, sup-
porting normal RBC formation, growth, synthesis of 
DNA, as well as amino acid, fatty acid, and cellular ener-
gy metabolism.27-29 Once inside the cell, B-12 is converted 
into two active forms: adenosylcobalamin and methyl-
cobalamin. Methylcobalamin functions as a coenzyme 
for methionine synthase, which plays vital role for me-
tabolism of methionine-homocysteine, commonly re-
ferred to as the cycle of methionine. B-12, a key player 
in one carbon metabolism, is a complex metabolic fac-
tor essential for human reproductive health.30 Vitamins, 
particularly B-12, are crucial for reproductive health, pro-
moting organ function and mitigating oxidative stress, 
pro-inflammatory cytokines, and circulating homocys-
teine levels.31-33 Homocysteine acts as a metabolic linker 
that hinders the synthesis of intracellular antioxidants. 
It inhibits key antioxidant enzymes, such as superox-
ide dismutase and glutathione peroxidase.34 A subclin-
ical deficiency of B-12 impairs the conversion of excess 
homocysteine to methionine, leading to an increase in 
homocysteine levels. This, in turn, promotes the pro-
duction of H2O2, which contributes to the accumulation 
of reactive oxygen species (ROS) accumulation.35-37 Ox-
idative stress, caused by an imbalance between the gen-
eration of free radicals and antioxidant levels, can cause 
detrimental transformation of mitochondrial DNA and 
protein damage, inevitably provoking cell death.38-41 Me-
thionine serves as a key precursor for S-adenosyl-methi-

onine, an avital compound required for the methylation 
of phospholipid, neurotransmitters, amines, DNA, RNA 
and myelin basic protein.42,43 A reduction in S-adeno-
syl-methionine levels can disrupt DNA methylation, 
potentially altering fetal metabolic programming and 
increasing susceptibility to non-communicable diseases 
later in life.44 Consequently, B-12 deficiency may lead to 
homocysteine buildup and reduced circulation methi-
onine, impacting reproduction, as well as protein and 
DNA methylation.45,46 The disruptions in redox balance, 
DNA methylation, and mitochondrial function are par-
ticularly detrimental to ovarian tissue, which is highly 
sensitive to oxidative stress. Granulosa cells, essential 
for follicle maturation, are especially vulnerable. Exper-
imental studies have shown that elevated homocysteine 
levels promote apoptosis in granulosa cells, contributing 
to follicular atresia. Kaplan and Türk showed that B-12 
administration reduced histological markers of tissue 
damage in rat ovaries by reducing oxidative stress.34 Ad-
ditionally, Deniz et al. revealed that treatment with B-12 
was effective in decreasing inflammation and oxidative 
stress caused by ovarian ischemia-reperfusion by down-
regulating the TLR-4/NF-kB signaling pathway, which 
is associated with inflammation.47

The enzyme 17-alpha hydroxylase is expressed in 
the adrenal glands and gonads, serving as a key branch-
ing point in the synthesis of cortisol and sex hormones. 
This enzyme facilitates two distinct steps in steroidogen-
esis. Individuals with deficiency in this enzyme com-
monly present with hypertension, hypokalemia, 
amenorrhea and absent of secondary sexual characteris-
tics.48,49 Inhibin-alpha (INH-α)Plays a role in regulating 
follicle development by responding to increased levels of 
FSH in gonads, which in turn triggers negative feedback 
to the anterior pituitary, reducing circulating FSH lev-
els.50-52 The interaction between vitamins of the B com-
plex, particularly B-6 and Cobalamin (B-12), and the risk 
of POF remain intricate and not yet fully understood. 

Aim
This study aims to investigate the correlation between 
vitamin B-6 and B-12 levels and POF. More research is 
required to elucidate their roles and potential therapeu-
tic applications.

Material and methods
Subjects 
In this study, 80 participants aged 40 years or under were 
split into two groups: group one consisted of 40 wom-
en with POF, whereas group two included forty healthy 
fertile women as a control group. From November 2023 
to March 2024, POF patients were collected from the 
Higher Institute of Infertility Diagnosis and Assisted 
Reproductive Technologies located in Baghdad, Iraq. 
Women with an unclear etiology of POF, autoimmune 
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diseases, and pelvic surgery were excluded. The research 
was approved by the University of Technology-Iraq Bio-
ethics Committee on Scientific Research, approval no. 
BCSR11, on March 24, 2024.

Methods
Blood samples were collected from two groups: the first 
group (healthy control) on the second day of their men-
strual cycle and the second group (POF group) under 
conditions appropriate to their health status. For each 
participant, 5 mL of peripheral blood was drawn and 
centrifuged for 5 minutes at room temperature. 

ELISA methods technique 
The serum obtained was analyzed for hormone levels 
including FSH, LH, thyroid hormones, prolactin (PRO), 
progesterone, estradiol (E-2) and testosterone, 17-al-
pha hydroxylase and INH-α using the ELISA technique 
(CUSABIO BIOTECH COM), E-2, INH-α, and proges-
terone measured used competitive inhibition ELAZA 
kits, the microtiter plate included in the kits is pre-coat-
ed with goat anti-rabbit antibody, standards and sam-
ples were placed in designated wells along with specific 
antibody for these hormones and horseradish perox-
idase (HRP) conjugated antigen.53-55 A competitive re-
action occurs between HRP labeled to target hormones 
and the unlabeled form of hormone for antibody bind-
ing. A substrate solution is then introduced, leading to 
color development inversely proportional to hormone 
concentration in the sample.56-59 The reaction halted and 
the color intensity is measured, while the other tests was 
measured by used quantitative sandwich ELAZA kits, 
the microplate included in the kits is pre-coated with 
antibody specific for target hormone, Standards and 
samples were added to wells along horseradish perox-
idase (HRP)-conjugated antibody targeting hormone. 
After washing to remove unbound reagents, a substrate 
solution is introduced, resulting in color development 
inversely proportional to the hormone concentration 
bound in the initial step.60-62 The reaction is stopped and 
the color intensity is measured.

HPLC technique 
Vitamin B-6 and B-12 concentrations were measured us-
ing the HPLC technique, the HPLC Autosampler SyK-
NM from Germany S5200 pump model S1122 Column 
oven S4011, and a UV detector S3240 set at wavelength 
230 nm with a C-18 column., using acetonitrile (A) and 
NaH2PO4 (B), with a gradient of 100% (B) at 3 minutes, 
80% (B) at 6 minutes, and 60% (B) at 15 minutes. The 
flow rate remained constant at 1.0 mL/min.40,63,64 Stan-
dard vitamins B-6, B-12 were sourced from Sigma. Creat-
ing a standard solution began with dissolving 10 mg of 
each of vitamins B-6 and B-12 in methanol to form a 100 
parts per million (ppm) stock solution, diluted to 100 

mL, then the stock solution was further diluted to pre-
pare other standard solutions by subsequent dilution of 
the stock solutions.65-67

Post hoc power analysis
The results of the post hoc power analysis indicate that 
the study had a very high ability to detect differences in 
testosterone levels between the control and POF groups. 
The mean testosterone level in the control group was 
0.47 with a standard deviation of 0.22, while the mean 
in the POF group was 0.09 with a standard deviation of 
0.02. The effect size, calculated using Cohen’s d, showed 
a very large difference between the two groups, reach-
ing 2.55, which reflects a significant variation in testos-
terone levels. The sample size consisted of 40 individuals 
in the control group and 40 in the POF group, further 
strengthening the reliability of the study. The post hoc 
power reached 1.0 (100%), which means that the study 
was fully capable of detecting any real effect if it existed, 
which is a strong indicator of the statistical reliability of 
the results.

Fig. 1. Post hoc power analysis curve: effect of sample size 
on statistical power

The post hoc power analysis Figure 1 shows that 
the study has a very high power to detect differences 
between the two groups, with the statistical power re-
maining close to 1.0 (100%) even with small sample siz-
es. The horizontal axis represents the sample size per 
group, while the vertical axis reflects the level of statisti-
cal power. The orange line indicates how the power re-
mains consistently high across different sample sizes. 
On the contrary, the red dashed line represents the min-
imum acceptable power level of 0.8, commonly used as a 
benchmark for detecting real effects in scientific studies. 
This result means that the survey can detect any actual 
differences between the groups, due to the enormous ef-
fect size (Cohen’s d = 2.55), making the likelihood of a 
Type II error (failing to detect an actual effect) almost 
nonexistent. 
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Statistical analysis 
All statistical analyses in this study were conducted us-
ing statistical Package for Social Science (SPSS) version 
29.0 windows (SPSS, Inc., Chicago, IL USA). Descriptive 
statistics were expressed as mean±standard deviation 
(SD). Differences between mean values were evaluated 
using Student’s t test, with significance threshold set at 
p< 0.05, while p>0.05 was considered nonsignificant. 

Results
Table 1 presents the biochemical profiles of the stud-
ied groups, highlighting highly significant differences 
(p<0.001) between the POF group and the control. Se-
rum levels of reproductive hormones LH, E2, progester-
one, and testosterone were markedly reduced (p<0.001) 
in POF patients, while levels of FSH and PRO were sig-
nificantly elevated compared to healthy controls. Fur-
thermore, thyroid hormones (T3 and T4) showed a 
significant decrease (p<0.001) in the POF group, ac-
companied by an increase in TSH levels compared to 
the control group. Table 2 and Figure 1 highlight sig-
nificant differences in levels of B-12, B-6, and INH-α 
between the two studied groups: POF and healthy con-
trols. These levels were markedly lower in POF patients 
compared to the control group.

Table 1. The mean (±SD) of age and hormones for the 
control and POF groups

Characteristic
Mean±SD

95% Cl pControl group
(n=40)

POF group 
(n=40)

Age (year) 32.07±5.370 32.92±4.26 -3.00–1.30 0.43

FSH (mIU/mL) 3.40±1.10 38.64±11.59 -38.95– -31.51 <0.001

LH (mIU/mL) 3.67±1.64 0.83±0.40 2.30–3.38 <0.001

E-2 (pg/mL) 160.31±38.76 10.93±2.31 136.9–161.76 <0.001

Progesterone 
(ng/mL)

2.27 ±2.03 0.06±0.062 1.56–2.86 <0.001

PRO (ng/mL) 14.62±4.09 38.25±7.25 -26.26– -20.99 <0.001

Testosterone 
(ng/mL)

0.47±0.22 0.09 ±0.022 0.31–0.45 <0.001

TSH (mIU/L) 2.75±1.11 8.18±1.87 0.34–6.1 <0.001

T3 (nmol/L) 1.46±0.36 0.68±0.09 0.05–0.66 <0.001

T4 (nmol/L) 122.99±23.82 40.49±15.62 4.50–73.50 <0.001

Table 2. The mean (±SD) of vitamin B-6, vitamin B-12, 
17-alpha hydroxylase, and inhibin-α for the control and 
POF groups

Characteristic
(Mean±SD)

95 % Cl pControl group 
(n=40)

POF group 
(n=40)

Vitamin B-6 (ng/mL) 40.68±5.75 15.17±3.81 23.32–27.68 <0.001

Vitamin B-12 (ng/mL) 30.68±5.75 5.45±3.42 23.11–27.37 <0.001

17-alpha hydroxylase 
(ng/dL)

50.68±47.17 0.032±0.018 35.56–65.73 <0.001

INH-α (ng/mL) 29.12±9.11 3.26±1.28 22.91–28.80 <0.001
Fig. 2. Mean distribution of biochemical parameters in POF 
patients group and control group
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Discussion
The eight water-soluble vitamins that make up the B-vi-
tamin complex cooperate as coenzymes in an array of 
anabolic and catabolic enzyme activities to play vital 
roles in cellular activity.24,32 Vitamin B-6 is necessary for 
the synthesis and metabolism of various hormones, in-
cluding estrogen and progesterone, which is crucial for 
menstrual regularity, fertility, and overall reproductive 
health.68 Several studies evaluated B-vitamin circulat-
ing levels in the context of neuroimmune diseases.69-71 
The present study revealed the evaluation of the effect of 
B-6 and B-12 vitamins in POF patients and suggests that 
they are related to POF as well as hormonal dysregula-
tion that occurs with ovarian disorders. 

The current study demonstrated that B-6 and B-12 vi-
tamins were significantly lower in POF patients com-
pared to healthy control. These results align with studies 
conducted by Brilliant et al.72 and Kamrul-Hasan et al.73, 
which also reported deficiencies of these vitamins in fe-
male reproductive disease, highlighting their potential 
role in ovarian health.

We did not account for dietary intake, supplementa-
tion, or lifestyle factors that could influence these levels. 
However, it is important to note that none of the partic-
ipants in our study took vitamin supplements minimiz-
ing potential confounding effects for supplementation.

Antioxidant micronutrients, such as vitamin and 
minerals, are vital for female reproductive health as they 
help manage oxidative stress and facilitate essential cel-
lular function.74-76 Recent studies indicate that B vitamins 
could influence ovarian health and function. Specifical-
ly, B-12 can help mitigate ovarian ischemia-reperfusion 
injury by reducing inflammation and oxidative stress.47 
Similarly, B-6, which is critical for reproduction, affects 
sulfur and seleno amino acid metabolism and may in-
fluence ovarian health and embryo development under 
oxidative stress.77 Although not explicitly related to POF, 
vitamin B-6 has been shown to lower serum PRO levels 
in hyperprolactinemic patients, a condition relevant to 
reproductive health.78 These findings hint at a relation-
ship between vitamins and ovarian function, but more 
research is required to confirm these links and explore 
their therapeutic potential in POF. 

17-alpha hydroxylase enzyme was significantly low-
er in POF group compared to the control group which 
agrees with certain theory reported that a lower level of 
17-alpha hydroxylase enzyme alters ovarian functions 
and the production of sex hormones, as this enzyme 
is responsible for converting progesterone into corti-
sol.79 Women with 17-alpha hydroxylase deficiency of-
ten experience infertility and related complications due 
to disruptions in the steroidogenic pathway. These ab-
normalities lead to impaired levels of androstenediones, 
17-hydroxyprogesterone, and E-2.80 Weak estrogen 
feedback to the pituitary may result in mildly elevated 

FSH and LH levels, increasing the risk of ovarian cysts, 
particularly multiple luteinizing ovarian cysts. Further-
more, increasing PRO levels may be due to increased 
GnRH activity. Another common reproductive endo-
crine manifestation in women with 17-alpha hydroxy-
lase deficiency is deduced testosterone levels. However, 
in females, low testosterone has minimal impact on re-
productive development and fertility. However, this 
characteristic can serve as a clinical indicator, emphasiz-
ing the need to consider 17-alpha hydroxylase deficien-
cy in cases where pubic hair is absent or absent during 
gynecological examination. In general, partial 17-alpha 
hydroxylase deficiency presents with endocrine abnor-
malities that correspond to the degree of enzymatic dys-
function.81

The current study demonstrated a significant de-
crease in the INH-α (p<0.001) in POF group compared 
to the control group. Ovarian follicle granulosa cells are 
the main producers of INH-α. Blocks the ability of the 
pituitary gland to secrete FSH, which is its primary role. 
INH-α is produced by mature and developing follicles 
during a normal menstrual cycle. This hormone works 
with the pituitary gland to decrease FSH levels.82 In ac-
cordance with this theory, the reduced level of INH- α 
level in patients with POF increases the release of FSH 
by eliminating the inhibitory feedback of the pituitary 
gland. Several studies have reported a lower serum in-
hibin in individuals with POF.83,84 This deficiency is be-
lieved to contribute to disease development, as it leads 
to increased activation activity. In turn, activation stim-
ulates FSH secretion, accelerating folliculogenesis and 
speeding up ovarian follicle depletion, which ultimately 
results in early menopause.85 Genetic variation in genes 
responsible for inhibin production has been associated 
with its reduced serum levels, which may amplify ac-
tivation effects due to diminished inhibin secretion.85 
Previous study identified INH-α (rs12720062 G / A) 
and showed genotype GG and allele G as potential risk 
factors for POF, while genotype GA and allele A ap-
pear productive. However, genotype AA does not seem 
to have a significant influence on disease susceptibili-
ty.86 The reduced levels of  17-alpha hydroxylase and 
INH-α observed in POF patients’ highlights their criti-
cal roles in maintaining ovarian function l. While direct 
evidence linking vitamin B-6 and B-12 to the synthesis 
of these proteins is limited l, their fundamental roles in 
enzymatic reactions and gene expression suggest that 
deficiency could adversely affect ovarian health. More 
research is necessary to elucidate these relationships 
and determine whether supplementation could serve as 
a therapeutic strategy for POF. Given the observed as-
sociation between vitamin B-12 and B-6 levels and POF, 
it is essential to explore whether correcting such defi-
ciencies by targeted supplementation might influence 
disease progression, severity of symptoms, or fertility 
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outcomes of affected women. Randomized controlled 
trials are recommended to evaluate this hypothesis.

Reduced PRO, thyroid hormones (T3, T4), LH, E2, 
and progesterone in patients with POF due to ovari-
an dysfunction and altered hormonal functions can all 
contribute to the development of POF or exacerbate its 
symptoms. Support this theory; a study reported that 
infertility in women is indicated by the significant posi-
tive correlation TSH has with PRO, FSH, and LH. When 
diagnosing infertility, these hormonal assessments en-
able a standard etiological approach.87,88

Our participants were recruited from Baghdad, 
which may limit the generalizability of the findings. Fu-
ture studies should consider the possible impact of eth-
nic and genetic diversity on vitamin metabolism and 
ovarian health.  

Study limitations and recommendations
This study provides a cross-sectional initial snapshot of 
biochemical parameters in POF patients and does not es-
tablish causality. A key limitation of this study is the rel-
atively small sample size (80 participants), which may 
affect the statistical power and generalizability of the re-
sults. Although our findings provide valuable informa-
tion on the possible association between B-6 and B-12 and 
POF, larger-scale longitudinal studies involving more di-
verse populations to validate these observations. Further 
research should incorporate dietary assessment, supple-
ment intake, physical activity, and genetic analysis to pro-
vide a more comprehensive understanding of the factors 
that influence vitamin levels in POF. These unmeasured 
variables could introduce bias and limit the generalizabil-
ity of the findings. Another major drawback is the lack 
of population diversity; more research involving partic-
ipants from multiple centers is necessary to improve ex-
ternal validity in examining possible environment-gene 
interactions that can affect POF risk. However, the exist-
ing literature suggests that adequate levels of vitamin B 
are necessary for women’s health, especially ovarian func-
tion, but also that further investigated studies are required 
to determine their therapeutic role in POF management.

Conclusion
The study findings revealed a significant deficiency in 
vitamin B-6, B-12, INH-α, and 17-alpha hydroxylase 
levels in patients with POF. These results suggest that 
POF is associated with disturbances in vitamin B-6 and 
B-12, as well as dysregulation of INH-α and 17-alpha 
hydroxylase production. These biochemical abnormal-
ities may contribute to the pathogenesis and clinical 
manifestations of POF. More research is needed to elu-
cidate the underlying mechanisms and explore potential 
therapeutic interventions that target these deficiencies, 
aiming to improve the diagnosis and management of 
POF patients.

Declarations
Funding
The authors received no financial support from eco-
nomic organizations.

Author contributions 
Conceptualization, D.A.H. and A.S.A.; Methodology, 
N.M.A., A.H.J.A. and A.R.A.; Software, H.R.-S.; Vali-
dation, H.R.-S., A.R.A. and A.H.J.A.; Formal Analysis, 
D.A.H.; Investigation, N.M.A. and A.H.J.A.; Resources, 
D.A.H. and A.S.A.; Data Curation, A.H.J.A.; Writing – 
Original Draft Preparation, A.S.A.; Writing – Review & 
Editing, A.R.A. and H.R.-S.; Visualization, N.M.A.; Su-
pervision, A.R.A. and H.R.-S.; Project Administration, 
N.M.A.; Funding Acquisition, D.A.H. and A.S.A. 

Conflicts of interest
The authors declare that they have no conflict of interest.

Data availability
The data supporting the findings of this study are available 
from the corresponding author upon reasonable request.

Ethics approval
The study protocol was approved by the University of 
Technology-Iraq Bioethics Committee (approval no.: 
BCSR11) on 24 March 2024. All procedures were in ac-
cordance with internationally recognized, ethical stan-
dards, particularly those in the Declaration of Helsinki.

References 
1.	 Shareghi-Oskoue O, Aghebati-Maleki L, Yousefi M. Trans-

plantation of human umbilical cord mesenchymal stem 
cells to treat premature ovarian failure. Stem Cell Res Ther. 
2021;12(1):454. doi: 10.1186/s13287-021-02529-w

2.	 Bai X, Wang S. Signaling pathway intervention in prema-
ture ovarian failure. Front Med (Lausanne). 2022;9:999440. 
doi: 10.3389/fmed.2022.999440

3.	 Al-Yasiry RZ, Jawad MA, Abbood MS. Association of Me-
thylenetetrahydrofolate Reductase Gene Polymorphism 
C677T with Oocyte Number and Embryo Quality in Ira-
qi Infertile Women Undergoing Intracytoplasmic Sperm 
Injection. Article. Al-Rafidain Journal of Medical Sciences. 
2024;6(1):39-45. doi: 10.54133/ajms.v6i1.421

4.	 Kadim Al-Tuma AM, Hussain SS, Hassan MF. Treat-
ment with Metformin Can Improve Insulin Resistan-
ce and Lipid Profile in Non-Diabetic Iraqi Women with 
Polycystic Ovary Syndrome. Medical Journal of Babylon. 
2024;21(2):S185-S188. doi: 10.4103/MJBl.MJBl_913_923

5.	 Conte B, Del Mastro L. Gonadotropin-releasing hormone 
analogues for the prevention of chemotherapy-induced 
premature ovarian failure in breast cancer patients. Mine-
rva Ginecol. 2017;69(4):350-356. 

6.	 Hussein Mohsin HA, Jwad MA, Mossa HA. Is There a 
Correlation between Serum SFRP5 and Wnt5a Proteins 



849Exploring the role of B complex vitamins in reproductive health – valuable insights and unresolved issues regarding premature ovarian failure

and Insulin Resistance in Iraqi Infertile Females Undergo-
ing ICSI? Al-Anbar Mel J. 2023;19(2):155-161.

7.	 Alhussien ZA, Mossa HAL, Abood MS. The Effect of L-
-carnitine on Apoptotic Markers (Annexin V and Cluste-
rin) in Polycystic Ovarian Syndrome Women undergoing 
ICSI. Article. Int. J Drug Deliv Technol. 2022;12(4):1682-
1686. doi: 10.25258/ijddt.12.4.33

8.	 Sheikhansari G, Aghebati-Maleki L, Nouri M, Jadidi-Nia-
ragh F, Yousefi M. Current approaches for the treatment of 
premature ovarian failure with stem cell therapy. Biomed 
Pharmacother. 2018;102:254-262. 

9.	 Dawood SA, Jwad MA, Mossa HAL. The impact of serum 
and follicular fluid irisin on oocyte and embryonic characte-
ristics in infertile women undergoing ICSI according to BMI. 
Al-Rafidain Journal of Medical Sciences. 2023;5:211-217. 

10.	 Ali ZH, Mossa HAL, Abood MS. Evaluation of Endome-
trial Receptivity and Pregnancy Outcome in view of As-
sessment of Serum and Follicular Fluid Level of CD44 
Following Administration of Hyaluronic Acid to Infertile 
Women. Article. Pharmacologyonline. 2021;3:536-544. 

11.	 Abunaila RSH, Al-Anbari LA, Abbood MS. The effects 
of adding gonadotropin-releasing hormone antago-
nist on cycle characteristics and pregnancy rate in sti-
mulated intrauterine insemination (IUI) cycle. IJRPS. 
2020;11(3):3053-3060. doi: 10.26452/ijrps.v11i3.2407

12.	 Herez SH, Jawad MA, Abbood MS. Effect of Bisphenol A 
Level in Follicular Fluid on ICSI OutCome. J Pharm Ne-
gat Results. 2022;13(4):370-376.

13.	 Mohsin HAH, Reshan RG, Jawad MA. Comparison be-
tween Effects of Ketamine and Remifentanil Used Du-
ring Oocyte Retrieval on ICSI Outcome. Syst Rev Pharm. 
2020;11(4):621-628. 

14.	 Shihab EM, Ahmed HN, Ahmed IT, Abood MN. The story 
of oral contraceptive users and bacterial vaginosis…. Is it 
real?. Int J Pharm Res. 2020;12:1809-1818. doi: 10.31838/
ijpr/2020.SP1.277

15.	 Sabeeh Hussain S, Majeed Rustum H. Evaluation of an-
ti-zona pellucida antibodies in serum and follicular flu-
id for polycystic ovarian women undergoing intracy-
toplasmic sperm injection programme. Article. IJRPS.. 
2018;9(4):1533-1537. doi: 10.26452/ijrps.v9i4.1716

16.	 Beck-Peccoz P, Persani L. Premature ovarian failure. Or-
phanet J Rare Dis. 2006;1:1-5. 

17.	 Abed FA, Maroof RE, Al-Nakkash UMA. Comparing the 
diagnostic accuracy of anti-Müllerian hormone and fol-
licle stimulating hormone in detecting premature ovarian 
failure in Iraqi women by ROC analysis. Rep Biochem Mol 
Biol. 2019;8(2):126. 

18.	 Jankowska K. Premature ovarian failure. Prz Menopauzal-
ny. 2017;16(2):51-56. 

19.	 Raaf GB, Mohammed AA, Jawad MA. The Comparison 
of the Effect of Recombinant FSH in Antagonist Protocol 
on Serum and Follicular Fluid Kisspeptin between PCOS 
and non-PCOS Infertile Women during ICSI. IJDDT. 
2022;12(1):33-38.

20.	 Jawad HH, Al-Anbari L, Abbood M. Assessment of the 
relationship of basal serum Anti-Mullerian hormone le-
vels and maternal age with pregnancy out come in pa-
tients undergoing ICSI. Ann Trop Med Public Health. 
2020;23:11-20. 

21.	 Al-Anbari LA, Jwad MA, Kadhim AAM, Abbood MS, 
Ridha-Salman H, Al-Athari AJH. Oral intake of Salvia 
officinalis improves intrauterine insemination outcomes 
in women with polycystic ovary syndrome. Ginekologia i 
Poloznictwo. 2025;20:1-5. 

22.	 Al-yasiry RZ, Jwad MA, Hasan MF, Alsayigh HA. How 
obesity affects female fertility. Medical Journal of Babylon. 
2022;19(2):111-114. 

23.	 Abdullah MA, Abdulhamed WA, Abood MS. Effects of 
Vaginal Sildenafil Citrate on Ovarian Blood Flow and 
Endometrial Thickness in Infertile Women Undergoing 
Intra-uterine Insemination. Article. Int. J Drug Deliv Tech-
nol. 2021;11(4):1450-1453. doi: 10.25258/ijddt.11.4.56

24.	 Mary Hanna EJ, Van Nguyen, Jeremy Clay. B Vitamins: 
Functions and Uses in Medicine. Perm J. 2022;26(2):89-
97. doi: 10.7812/TPP/21.204

25.	 Hsu JM. Interrelations between vitamin B6 and hormones. 
Vitamins & Hormones. 1964;21:113-134. 

26.	 Obeid R, Heil SG, Verhoeven MMA, van den Heuvel 
E, de Groot L, Eussen S. Vitamin B12 Intake From Ani-
mal Foods, Biomarkers, and Health Aspects. Front Nutr. 
2019;6:93. doi: 10.3389/fnut.2019.00093

27.	 Ge Y, Zadeh M, Mohamadzadeh M. Vitamin B12 Re-
gulates the Transcriptional, Metabolic, and Epigenetic 
Programing in Human Ileal Epithelial Cells. Nutrients. 
2022;14(14). doi: 10.3390/nu14142825

28.	 Fakhri SA, Salman HR, Shuubber ZI. Effect of maternal 
B12 on the child weight. Bulletin of National Institute of 
Health Sciences. 140(3):2405-2411. 

29.	 Khan MG, Hussain SHA, Alkhayl FFA, Ahsan M, Ridha-
-Salman H. Cannabinoids in neuropathic pain treatment: 
pharmacological insights and clinical outcomes from re-
cent trials. Naunyn Schmiedebergs Arch Pharmacol. 2025. 
doi: 10.1007/s00210-025-04134-7

30.	 Wang X, Fu K, Zhang Y, Jiang S, Zhang C. Does Vitamin 
B12 Influence Clinical Pregnancy Outcome in the follicu-
lar-phase GnRH agonist protocol? 2023. doi:  10.21203/
rs.3.rs-2904686/v1

31.	 Chan W, Almasieh M, Catrinescu MM, Levin LA. Cobala-
min-Associated Superoxide Scavenging in Neuronal Cells 
Is a Potential Mechanism for Vitamin B(12)-Deprivation 
Optic Neuropathy. Am J Pathol. 2018;188(1):160-172. doi: 
10.1016/j.ajpath.2017.08.032

32.	 Shakoor H, Feehan J, Mikkelsen K, et al. Be well: A po-
tential role for vitamin B in COVID-19. Maturitas. 
2021;144:108-111. doi: 10.1016/j.maturitas.2020.08.007

33.	 Abu-Raghif AR, Alkazzaz AM, Fadheel QJ. A comparative 
study of the effect of thyme and Calcium with Vitamin D3 
in treatment of postmenopausal women with osteoporo-
sis. Res J Pharm Biol Chem Sci. 2016;9(5):260-268. 

http://dx.doi.org/10.21203/rs.3.rs-2904686/v1
http://dx.doi.org/10.21203/rs.3.rs-2904686/v1


850 European Journal of Clinical and Experimental Medicine 2025; 23 (4): 843–852

34.	 Kaplan S, Türk A. Effects of vitamin B12 on rat ovary 
with ischemia-reperfusion injury. Biotech Histochem. 
2022;97(4):284-289. doi: 10.1080/10520295.2021.1961863

35.	 Silverstein WK, Cheung MC, Lin Y. Vitamin B(12) 
deficiency. CMAJ. 2022;194(24):E843. doi: 10.1503/
cmaj.220306

36.	 Rzepka Z, Respondek M, Rok J, et al. Vitamin B(12) Defi-
ciency Induces Imbalance in Melanocytes Homeostasis-A 
Cellular Basis of Hypocobalaminemia Pigmentary Ma-
nifestations. Int J Mol Sci. 2018;19(9):2845. doi:10.3390/
ijms19092845

37.	 Sharquie KE, Turki KM, Abu-Raghif AR, Al-Geboori HG. 
Oxidative stress in patients with premature hair grayness. 
Article. Saudi M J. 2005;26(8):1310-1311. 

38.	 Khaleel BJ, Ridha-Salman H, Kadhim HM, Hassan OM, 
Kubba A, Sahib HB. Anti-angiogenic and anti-oxidant ef-
fects of 2-NTI indole derivative vs. suramin in ex vivo, in 
vivo, and in vitro studies. Cytotechnology. 2025;77(1):38. 
doi: 10.1007/s10616-024-00701-7

39.	 Khaleel BJ, Ridha-Salman H, Kadhim HM, Hassan OM, 
Kubba A, Sahib HB. Inhibitory effects of carbohydrazi-
de indole derivative on micro-blood vessel growth using 
ex vivo, in vivo, and in vitro assays. In Vitro Cell Dev Biol 
Anim. 2025. doi: 10.1007/s11626-025-01019-0

40.	 Yahiya YI, Hadi NR, Abu Raghif A, Qassam H, Al Ha-
booby NGS. Role of Iberin as an anti-apoptotic agent 
on renal ischemia-reperfusion injury in rats. J Med Life. 
2023;16(6):915-919. doi: 10.25122/jml-2022-0281

41.	 Aal-Aaboda M, Abu Raghif A, Hadi N. Renoprotective 
Potential of the Ultra-Pure Lipopolysaccharide from Rho-
dobacter Sphaeroides on Acutely Injured Kidneys in an 
Animal Model. Archives of Razi Institute. 2021;76(6):1755-
1764. 

42.	Froese DS, Fowler B, Baumgartner MR. Vitamin B(12) , 
folate, and the methionine remethylation cycle-bioche-
mistry, pathways, and regulation. J Inherit Metab Dis. Jul 
2019;42(4):673-685. doi: 10.1002/jimd.12009

43.	 Falh A, Hussain, Sraibet A, Muyad. Correlation Study 
between Level of zinc and lead in Serum and Seminal 
Plasma in Infertile Patients. Ann Trop Med Public Health. 
2020;23(16):231-246. doi: 10.36295/ASRO.2020.231614

44.	Randunu RS, Bertolo RF. The Effects of Maternal and Po-
stnatal Dietary Methyl Nutrients on Epigenetic Changes 
that Lead to Non-Communicable Diseases in Adulthood. 
Int J Mol Sci. 2020;21(9):3290. doi: 10.3390/ijms21093290

45.	 Akamine K, Mekaru K, Gibo K, et al. Impact of the one-
-carbon metabolism on oocyte maturation, fertilization, 
embryo quality, and subsequent pregnancy. Reprod Med 
Biol. Jan 2021;20(1):76-82. doi: 10.1002/rmb2.12354

46.	 Agbalalah T, Robert FO, Amabebe E. Impact of vita-
min B12 on the reproductive health of women with 
sickle cell disease: a narrative review. Reprod Fertil. 
2023;4(3):e230015. doi: 10.1530/raf-23-0015

47.	 Deniz E, Topcu A, Ozturk A, Ozturk SD, Arpa M, Atak M. 
The effects of vitamin B12 on the TLR-4/NF-κB signaling 

pathway in ovarian ischemia-reperfusion injury-related 
inflammation. Int Immunopharmacol. 2022;107:108676. 
doi: 10.1016/j.intimp.2022.108676

48.	 Chen H, Chen Y, Mao H, Huang H, Lou X. A no-
vel homozygous CYP17A1 mutation causes partial 17 
α-hydroxylase/17, 20-lyase deficiency in 46, XX: a case 
report and literature review. Blood Pressure. 2023;32(1): 
2195008. 

49.	 Xia Y, Shi P, Xia J, Zhang H, Xu L, Kong X. Novel muta-
tions of the CYP17A1 gene in four Chinese 46, XX cases 
with partial 17a-hydroxylase/17, 20-lyase deficiency. Ste-
roids. 2021;173:108873. 

50.	 Zhang Y, Chen Z, An C, et al. Effect of active immuni-
zation with recombinant-derived goose INH-α, AMH, 
and PRL fusion protein on broodiness onset and egg 
production in geese (Anser cygnoides). Poultry Science. 
2021;100(11):101452. 

51.	 Akhtar MF, Wei Q, Zhu H, et al. The role of active im-
munization against inhibin α-subunit on testicular deve-
lopment, testosterone concentration and relevant genes 
expressions in testis, hypothalamus and pituitary glands in 
Yangzhou goose ganders. Theriogenology. 2019;128:122-
132. 

52.	 Hussain SS, Hassan MF. The effectiveness of using r-
-HMG+r-FSH vs. R-FSH alone during COS on ICSI outco-
me. Article. Ann Trop Med Public Health. 2019;22(8):S232. 
doi: 10.36295/ASRO.2019.22089

53.	 Luty RS, Abbas SF, Haji SA, Ridha-Salman H. Hepatopro-
tective effect of catechin on rat model of acetaminophen-
-induced liver injury. Comp. Clin. Path. 2025. doi:10.1007/
s00580-025-03682-x

54.	 Attarbashee RK, Hamodat HF, Mammdoh JK, Ridha-
-Salman H. The Possible effect of Bosentan on the me-
thotrexate-induced salivary gland changes in male rats: 
histological and Immunohistochemical study. Toxicology 
Research. 2025;14(1):tfaf007. doi: 10.1093/toxres/tfaf007

55.	 Luty RS, Al-Zubaidy AA, Malik AS, Ridha-Salman H, Ab-
bas AH. Protective effect of orientin on diabetic nephro-
pathy in rat models of high-fat diet and streptozotocin-in-
duced diabetes. Naunyn Schmiedebergs Arch Pharmacol. 
2025. doi:10.1007/s00210-025-03949-8

56.	 Raheem AKK, Abu-Raghif AR, Zigam QA. Cilostazol 
Protects Against Sepsis-Induced Kidney Impairment in a 
Mice Model. J Med Chem Scie. 2023;6(5):1193-1203. doi: 
10.26655/jmchemsci.2023.5.25

57.	 Habbas AH, Abu-Raghif AR, Ridha-Salman H, Hussein 
MN. Therapeutic effect of bosentan on 2, 4-dinitrochlo-
robenzene (DNCB)-induced atopic dermatitis mouse 
model. Arch Dermatol Res. 2025;317(1):436. doi: 10.1007/
s00403-025-03955-z

58.	 Abbas AH, Abbood MS, Ridha-Salman H, Fakhri SA, Ab-
bas ZH, Al-Athari AJH. Suppressive effect of topical mo-
xifloxacin on imiquimod-induced model of psoriasis in 
mice. Naunyn Schmiedebergs Arch Pharmacol. 2025. doi: 
10.1007/s00210-025-04317-2



851Exploring the role of B complex vitamins in reproductive health – valuable insights and unresolved issues regarding premature ovarian failure

59.	 Ali BF, Abu-Raghif AR, Ridha-Salman H, Al-Athari AJH. 
Vildagliptin topical ointment: an effective treatment 
for imiquimod-induced psoriasis in mice. J Mol Histol. 
2025;56(3):143. doi: 10.1007/s10735-025-10416-4

60.	 Kadhim H, Gatea F, Raghif AA, Ali K. Role of Topical Ri-
todrine Hydrochloride in Experimentally Induced Hyper-
trophic Scar in Rabbits. Iraqi J Pharm  Sci. 2022;31(2):260-
270. doi: 0.31351/vol31iss2pp260-270

61.	 Khorsheed SM, Abu-Raghif A, Ridha-Salman H. Alle-
viative Effects of Combined Topical Melatonin and Rutin 
on Imiquimod-Induced Psoriasis Mouse Model. 10.3897/
pharmacia.71.e128832. Pharmacia. 2024;71:1-13. doi: 
10.3897/pharmacia.71.e128832

62.	 Raheem AK, Abu-Raghif AR, Abbas AH, Ridha-Salman H, 
Oubaid EN. Quercetin mitigates sepsis-induced renal injury 
via inhibiting inflammatory and oxidative pathways in mice. J 
Mol Histol. 2025;56(3):184. doi: 10.1007/s10735-025-10442-2

63.	 Sati’Abbas S, Abul–Razak N, Mustafa N, Abd Ali R. Ho-
mocysteine, folic acid, vitamin B12 and pyridoxine: ef-
fects on vaso-occlusive crisis in sickle cell anemia and 
sickle–thalassemia. Iraqi Postgraduate Medical Journal. 
2011;10(4):473-479.

64.	Manna MJ, Abu-raghif A, Muhsin HY. The effect of Niclo-
samide in acetic acid induce colitis: an experimental study. 
Prensa méd argent. 2019;105(5):309-316. 

65.	 Oubaid EN, Abu-Raghif AR, Al-Sudani IM. Phytochemi-
cal Screening and Antioxidant Activity of Uncaria tomen-
tosa Extract: In Vitro: and: In Vivo: Studies. M J Babylon. 
2023;20(1):136-142. 

66.	 Hassan Z, Hassan T, Abu-Rghif A. Evaluation the Effecti-
veness of Phenolic Compound of Salvia frigida on Indu-
ced Atopic Dermatitis in Experimental Mice. Iraqi J P Sci. 
2022;31(1):154-166. doi: 10.31351/vol31iss1pp154-166

67.	 Thammer MR, Sahib HB, Ridha-Salman H. Skin Healing 
Potential of Bioactive Components From Lycoperdon livi-
dum Mushroom Versus β-Sitosterol in Rat Model of Burn 
Wounds. Microscopy Research and Technique. 2025;88:1-
53. doi: 10.1002/jemt.24864

68.	 Zhao Y, Hu S, Zhai W, Wang M, Ran L. [Retracted] Cli-
nical Study of Progesterone Combined with Vitamin B6 
in the Treatment of Amenorrhea Endocrine Disorders 
Caused by Antipsychotics. Comput Math Methods Med. 
2022;2022(1):2436322. 

69.	 Bucolo C, Maugeri G, Giunta S, D’Agata V, Drago F, Ro-
mano GL. Corneal wound healing and nerve regeneration 
by novel ophthalmic formulations based on cross-linked 
sodium hyaluronate, taurine, vitamin B6, and vitamin 
B12. Front Pharmacol. 2023;14:1109291. 

70.	 Tothonglor A, Kobutree P, Roumwong A, Jindatip D, Ag-
thong S. Cisplatin-induced alterations in the blood-nerve 
barrier: effects of combination of vitamin B1, B6 and B12. 
Folia Morphologica. 2023;82(1):53-62. 

71.	 Abdulbari AS, Ali NM, Abu-Raghif AR, Matloob NA, 
Ridha-Salman H. Impact of azithromycin on specific bio-
chemical markers and sebum composition in acne vul-

garis patients. Arch Dermatol Res. 2025;317(1):798. doi: 
10.1007/s00403-025-04299-4.

72.	 Brilliant A, Astuti BPK, Joyo EO, Febri RR, Silvana V, 
Muharam R. Vitamin B3 (niacin), B6, C, and iron intake 
are associated with the free androgen index, especially in 
normoandrogenic polycystic ovary syndrome. J Turk Ger 
Gynecol Asso. 2022;23(3):130. 

73.	 Kamrul-Hasan A, Aalpona FTZ. Comparison of Serum 
Vitamin B12 Levels Among Drug-Naïve and Metformin-
-Treated Patients With Polycystic Ovary Syndrome. Cu-
reus. 2022;14(10):e30447. doi: 10.7759/cureus.30447

74.	 Mohammed A, Al-Suwaiegh S, Al-Gherair I, et al. The Ad-
juvant Impacts of Antioxidant Micronutrients on Ovarian 
Follicle Development, Oocyte Maturation and Embryo 
Development of Mammalian Species: A Review. Indian J 
Anim Res. 2024;58(10):1651-1657. 

75.	 Oudah NN, Abdulbari AS, Hameed N. Serum Electrolytes 
Levels in Third Trimester Pregnant Women: A Case-Con-
trol Study in Diyala Province in Iraq. Egyptian J Chem. 
2022;65(8):31-34. 

76.	 Shihab EM, Kadhim HM. The Impact of Carvedilol on 
Organ Index, Inflammatory Mediators, Oxidative Stress 
Parameters and Skin Markers in D-Galactose-Induced 
Aging Mice. Int J  Drug Del Tech. 2023;13(3):1017-1023. 
doi: 10.25258/ijddt.13.3.41

77.	 Dalto DB, Matte J-J. Nutrigenomic aspects of dietary 
pyridoxine (vitamin B6) and selenium interaction and 
their implications in reproduction. Molecular Nutrition. 
2020:131-151.

78.	 Witwit SJ. The role of vitamin B6 in reducing serum prolactin 
in comparison t o cabergoline. IJDFR. 2019;10(1):108-113. 

79.	 Şimşek Y, Polat S, Riepe FG, et al. 17-Alpha Hydroxyla-
se Deficiency: A Rare Case of Primary Amenorrhea and 
Hypertension. Turkish Journal of Endocrinology & Meta-
bolism. 2014;18(4):137-139.

80.	 He Z, Ma Y, Li L, et al. Osteopontin and Integrin αvβ3 
Expression during the Implantation Window in IVF Pa-
tients with Elevated Serum Progesterone and Oestradiol 
Level. Geburtshilfe Frauenheilkd. 2016;76(6):709-717. doi: 
10.1055/s-0041-111697

81.	 Du X, Jia Q, Wu S, Wang B, Guan Y. Successful live birth 
in women with partial 17α-hydroxylase deficiency: re-
port of two cases. Reproductive BioMedicine Online. 
2024;49(2):103855. 

82.	 Laird M, Glister C, Cheewasopit W, Satchell LS, Bicknell 
AB, Knight PG. ‘Free’inhibin α subunit is expressed by 
bovine ovarian theca cells and its knockdown suppresses 
androgen production. Sci Rep. 2019;9(1):19793. 

83.	 Chapman C, Cree L, Shelling AN. The genetics of prema-
ture ovarian failure: current perspectives. Int J Womens 
Health. 2015;7:799-810. doi:10.2147/ijwh.S64024

84.	 Chand AL, Harrison CA, Shelling AN. Inhibin and prema-
ture ovarian failure. Hum Reprod Update. 2010;16(1):39-
50. doi: 10.1093/humupd/dmp031

85.	 Christofolini DM, Cordts EB, Santos-Pinheiro F, et al. 



852 European Journal of Clinical and Experimental Medicine 2025; 23 (4): 843–852

How polymorphic markers contribute to genetic dise-
ases in different populations? The study of inhibin A for 
premature ovarian insufficiency. Einstein (Sao Paulo). 
2017;15(3):269-272. doi: 10.1590/s1679-45082017ao4052

86.	 Jabbar DK, Ali NM, Qadir HA. The impact of INH-alpha 
(rs12720062 G/A) gene polymorphism and serum vita-
min D level on risk of premature ovarian failure. J Popul 
Ther Clin Pharmacol. 2023;30(1):336-343. doi: 10.47750/
jptcp.2023.1092

87.	 Sharma S, Meena K, Tabiyad A, Bhardwaj MK, Jaiswal 
A, Mehta M. Correlation between prolactin, thyroid, 

LH, FSH, estradiol and progesterone in the infertile wo-
men. Int J Reprod Contracept Obstet Gynecol. 2023;12(4): 
1017-1022. 

88.	 Saxena S, Gupta R, Agarwal L, Srivastava PC, Mallick 
AK. Correlation of serum thyroid stimulating hormone 
and prolactin in female infertility-a case control study.  
IJOGR. 2016;3(4):388-392. 


	_Hlk189440372

