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progesterone were reduced in patients. Strong
correlations were found between adipokines,
BMI, and reproductive hormones, suggesting
that altered adipokine profiles in obesity
negatively affect the hypothalamic-pituitary-
ovarian  axis, contributing to hormonal
imbalance, ovulatory dysfunction, and infertility
in women. Conclusions; Adipokines
significantly impact female obesity-related
infertility by altering reproductive hormone
levels. Elevated leptin, resistin, and visfatin,
alongside reduced adiponectin, disrupt the
hypothalamic-pituitary-ovarian axis, impairing
ovulation. These imbalances reflect adipose
tissue’s role as an endocrine disruptor.
Keywords: Adipokines, Obesity,
Female Infertility, Reproductive Hormones,

Leptin, Adiponectin.

Introduction:

Obesity has become a worldwide health epidemic affecting millions of people, and it has
significant implications for female reproductive health. One of the multitudes of effects of obesity
is its profound relationship with infertility, a disease that affects around 10-15% of couples
worldwide and causes significant psychosocial and financial problems [1]. Obesity-related female
infertility is a heterogeneous and multifactorial syndrome involving abnormalities in the
endocrine, metabolic, immune and inflammatory pathways. The adipocyte tissue, being an
endocrinic organ (the largest endocrinic organ) had also been recognized a few years ago as an
important mechanism linking high fat mass to a series of reproductive problems [2,3].

Traditionally, adipose tissue was regarded as a passive storehouse for energy, and however, it is
well established that adipose tissue is an active endocrine organ, which generates a number of
adipokines such as leptin, adiponectin, resistin, and visfatin [4]. They have significant effects on
energy balance, insulin sensitivity, inflammation and reproductive physiology [5]. In obesity,
disorganized secretion and circulating levels of adipokines are involved in the development of
low-grade inflammation and metabolic dysfunction with potentially negative effects on ovarian
function and fertility [6].

Leptin, one of the most well-studied adipokines, is involved in the control of energy balance and
reproduction. It reports nutritional status to the hypothalamus and acts to alter the function of the
hypothalamic-pituitary-gonadal (HPG) axis to affect gonadotropin secretion and ovulation [7]. On
the other hand, leptin is indispensable for pubertal maturation and the onset of reproductive
capacity but hyperleptinemia in obesity results in leptin resistance, making its regulatory role
ineffective and predisposing to anovulation and infertility [8]. Hyperleptimia has even been
reported in obese infertile women, suggesting its involvement in obesity-related reproductive
abnormalities [9].

Also, adiponectin is an insulin-sensitizing and anti-inflammatory adipokine which is paradoxically
reduced in obesity. Reduced adiponectin levels also appear to contribute to the insulin resistance
seen in obesity, which is commonly associated with ovulatory dysfunction, and polycystic ovary



84 American Journal of Biology and Natural Sciences Volume:2 | Number:8 (2025) Aug

syndrome (PCOS) which is one of the common causes of female infertility [10]. Lower levels of
adiponectin could further aggravate ovarian functioning by increasing androgen level and arrest of
folliculogenesis [11,12].

Resistin and visfatin, relatively new among the adipokines, have also attracted the attention as
regards their relationship to obesity and reproduction. Resistin is involved in inflammation and its
relation to insulin resistance might disturb ovarian steroidogenesis and folliculogenesis [13].
Visfatin, also known as nicotinamide phosphoribosyltransferase, affects glucose metabolism and
has been linked with disrupted ovarian function and infertility in obese women [14,15].

The intricate interaction between adipokines and reproductive hormones implies that adipose
tissue-derived signals may regulate the hypothalamic-pituitary-ovarian axis, ovarian
steroidogenesis, and follicular environment, and hence influence fertility. pro-inflammatory
adipokines, together with reduced anti-inflammatory adipokines, could cause local ovarian
inflammation, oxidative stress and hormonal dysregulation [16,17].

Knowledge about the physiological function of adipokines and their abnormal secretion in obesity
is important to deduce therapeutic targets to alleviate obesity-associated infertility. Existing types
of treatments, which range from lifestyle change to drug intervention, are effective only in a
limited number of cases, demonstrating the importance to find new strategies based on the
molecular peculiarities of adipokine action [18,19].

This study purposed to clarify the changes of adipokine profiles in obese infertile women versus
their healthy counterparts and to evaluate the relationships between adipokine levels and
reproductive hormones. We hope that learning more about the pathology of adipokine physiology
and its effects on female reproductive health will aid in the development of better tools and
treatments for these women.

Methodology:

This case-control study was conducted from January 2024 to May 2024 to investigate the role of
adipokines in female obesity-related infertility. A total of 200 women aged between 20 and 40
years were enrolled, including 150 obese infertile patients and 50 healthy fertile women as
controls. Participants were recruited from fertility clinics in Nasiriyah, Irag. Inclusion criteria
involved women aged 20—40 years with a BMI > 30 kg/m? and a diagnosis of primary infertility
for at least one year. Exclusion criteria included secondary infertility, presence of polycystic ovary
syndrome (PCQOS), thyroid disorders, diabetes mellitus, hormonal therapy within the past six
months, and smoking or alcohol use. Ethical approval was obtained from the Scientific and Ethical
Committee of Mazaya University College (Approval No.: MUC-2024-OBI-FIN-07), and written
informed consent was secured from all participants before blood collection. A total of 5 mL of
venous blood was collected from each subject using a sterile syringe and transferred into plain
tubes. Samples were left to clot at room temperature for 30 minutes, followed by centrifugation at
3000 rpm for 10 minutes. The resulting serum was separated and stored at —20°C until analysis.
Serum levels of adipokines, including leptin, adiponectin, resistin, and visfatin, were measured
using enzyme-linked immunosorbent assay (ELISA) kits provided by Elabscience Biotechnology
Co., Ltd., Wuhan, China, following the manufacturer's instructions. Reproductive hormones—
FSH, LH, estradiol, and progesterone—were analyzed using the Cobas e411 automated analyzer
(Roche Diagnostics, Germany) based on electrochemiluminescence immunoassay (ECLIA)
technology.

Statistical analysis:

Quantitative data were analyzed using SPSS v26 and presented as frequencies and percentages.
Normal variables were tested with two-tailed t-tests, while non-normal variables were analyzed
using Mann-Whitney U, Wilcoxon, and Chi-square tests. A p-value < 0.05 indicated statistical
significance.
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Ethical approval:

The study was approved by the Human Ethics Committee of Al-Habboubi Teaching Hospital. All
participants were informed about the study and provided written consent. Patient confidentiality
was strictly maintained throughout the study.

Results

Comparison of Sociodemographic Characteristics Between Obese Infertile Patients and
Healthy Controls

The results of the table showed statistically significant differences between women with obesity-
related infertility and the control group of healthy women with regard to a number of
sociodemographic characteristics. The age of the participants did not show a statistically
significant difference between the two groups, as the mean age of the control group was 29.45 +
4.87 years, compared to 30.12 + 5.23 years in the patient group (P=0.418). In contrast, a
significant increase in the body mass index (BMI) was observed in the patient group, with a mean
of 32.78 £+ 4.11 kg/m?, compared to the control group, which recorded a mean of 23.56 + 2.91
kg/m? (P<0.001). The results also showed that the duration of marriage was longer in the patient
group (5.4 £ 2.3 years) compared to the control group (3.2 + 1.1 years), with a statistically
significant difference (P=0.002). On the other hand, the percentage of higher education was higher
in the control group (68%) compared to the patient group (41%), with a statistically significant
difference (P=0.014). Regarding smoking, the percentage was higher in the patient group (12%)
compared to the control group (4%), but the difference was not statistically significant (P=0.113).

Table 1: Distribution of Age, BMI, Marital Duration, Education Level, and Smoking Status

Among Study Groups
) Control Group Patients Group
Variable (n=50) (n=150) P-value
Age (yeasr E) Mean + 29.45 + 4.87 30.12 +5.23 0.418
2
BMI (kg/gnD) Mean + 2356+ 291 3278 +4.11 <0.001
Marlt(?/lelz:a)rl;;a“on 32+11 54+23 0.002
Ed”ﬁ?;'ﬁ:r I(-(;)\;el - 68% 41% 0.014
Smokmg(%/f;ltus - Yes 4% 12% 0.113

P-values < 0.05 were considered statistically significant.

Comparison of Sociedemographic Variables Between Control and Patient Groups
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Comparison of Serum Adipokine Levels Between Obese Infertile Women and Healthy
Controls

The study results showed highly statistically significant differences in adipokin levels between
women with obesity-related infertility and the control group of healthy women. Leptin levels
increased significantly in the patient group (21.89 £ 5.42 ng/ml) compared to the control group
(8.74 + 2.53 ng/ml), while adiponectin levels decreased in the patient group (5.34 + 2.17 pg/ml)
compared to (12.45 + 3.78 pg/ml) in the healthy group. Both differences were highly statistically
significant (P<0.001). Similarly, the patient group recorded a significant increase in resistin and
visfatin levels, reaching (11.56 + 3.01) and (7.24 + 2.03) ng/ml, respectively, compared to (5.93 £
1.82) and (3.87 = 1.11) ng/ml in the control group, with clear statistical differences (P<0.001).
These results indicate a pivotal role for adipokines in causing or contributing to obesity-related
infertility in women.

Table 2: Mean Concentrations of Leptin, Adiponectin, Resistin, and Visfatin in Study

Groups
o Control Grou Patients Grou
Adipokine Mean + SD i Mean + SD i P-value
Leptin (ng/mL) 8.74 + 2.53 21.89+5.42 <0.001
Adiponectin (ug/mL) 12.45 + 3.78 534 +£2.17 <0.001
Resistin (ng/mL) 5.93+1.82 11.56 + 3.01 <0.001
Visfatin (ng/mL) 3.87+1.11 7.24 +2.03 <0.001

Adipokine Levels in Control and Patients Groups

Control Group
Patients Group

2549

21|89

204

15+

12|45

Concentration

11}56

| I Lo } i

0 Lepltm Adipolnectln Re5|lstin \ﬂsfi‘:\tm
Comparison of Reproductive Hormone Levels Between Obese Infertile Women and Healthy
Controls

Results of hormonal analysis showed there were significant differences between women with
obesity related infertile and healthy women in the levels of reproductive hormones. Patients
manifest more FSH [(8.92 £ 2.21 mIU/mL) than do the controls (6.32 + 1.45 mIU/mL] and more
LH (9.44 £ 2.66 mIU/mL), in contrast to 5.98 = 1.32 mIU/mL in the control group. These
differences were statistically very significant (P<0.001). On the contrary, there was a marked
reduction in the levels of estradiol in patient group that decreased to (72.45 = 12.08 pg/mL)
compared to control group which decreased to (85.12 + 15.32 pg/mL) (P=0.005). Progesterone
level was also significantly lower in the patient group (5.12 £ 1.88 ng/mL) compared to control
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(9.87 + 2.91 ng/mL) with highly statistical difference (P<0.001). These findings are suggestive of
a role of obesity in disrupting the reproductive hormonal axis, leading to ovulatory dysfunction
and infertility in women.

Table 3: Serum Concentrations of FSH, LH, Estradiol, and Progesterone in Study Groups

Hormone Control Group Patients Group P_value
Mean + SD Mean + SD
FSH (mlU/mL) 6.32 +1.45 8.92+2.21 <0.001
LH (mIU/mL) 598 +1.32 9.44 + 2.66 <0.001
Estradiol (pg/mL) 85.12 + 15.32 72.45+12.08 0.005
Progesterone (ng/mL) 9.87 £2.91 5.12 +1.88 <0.001

Hormone Levels in Control and Patients Groups

Control Group
Patients Group

100 A

8512

80 4
72(45

60 4
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Correlation Between Serum Adipokine Levels and Body Mass Index (BMI) in Obese
Infertile Women

The findings of the study of relation of BMI (body mass index) with adipokines indicated that
some of the adipokines had strong, significant correlations with obesity extents in infertile women.
We found a very significant positive correlation between leptin with BMI(r = +0.72), (P < 0.001 )
This means that with the increase in obesity there will be a very significant rise in the
concentration of this Hormone. Visfatin and resistin close positive associations with BMI were
observed, r = +0.64 and (r = +0.58) respectively; P < 0.001. Inversely, adiponectin presented a
significant negative association with BMI (r = —0.61, P < 0.001), indicating that its levels
decreased with increasing degrees of obesity. These findings indicate the role of adipokines in the
regulation of obesity-associated physiological changes and the reproductive system.

Table 4: Association of Leptin, Adiponectin, Resistin, and Visfatin with BMI

Adipokine Correlation with BMI (r) P-value
Leptin +0.72 <0.001
Adiponectin -0.61 <0.001
Resistin +0.58 <0.001
Visfatin +0.64 <0.001
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Loo Correlation between Adipokines and BMI
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Correlation Between Serum Adipokines and Reproductive Hormones in Obese Infertile
Women
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Results Statistically significant relationships were found of adipokines levels with reproductive
hormones in women with obesity related infertility. Moderate positive correlation was noted
between leptin and FSH (r=+0.45, P<0.001) and LH (r=+0.49, P<0.001), and a strong inverse
correlation was observed with progesterone (r=—0.58, P<0.001). Adiponectin exhibited a negative
correlation with FSH (r=-0.39, P=0.002) and LH (r=-0.41, P=0.001), and a modest positive
correlation with progesterone (r=+0.52, P<0.001). Resistin was also weak and moderately
correlated with FSH and LH (r=+0.36 and +0.42, respectively, P<0.01), and it displayed an
inverse correlation with progesterone (r=-0.44, P=0.001). Also, visfatin was significantly
correlated with FSH (r=+0.47, P<0.001) and LH (r=+0.50, P<0.001) and moderately negatively
correlated with progesterone levels (r=—0.51, P<0.001). These associations are indicative of the
possible involvement of adipokines in the control of the hypothalamic-pituitary-ovarian axis and
their adverse effect on ovarian function in obese women.

Table 5: Associations of Leptin, Adiponectin, Resistin, and Visfatin with FSH, LH, and

Progesterone Levels
Adipokine | FSH(r) | LH () nge(s’rt)em”e FEFVS,LU)G P(ﬂl;e sz\fg;)e
Leptin +0.45 +0.49 -0.58 <0.001 <0.001 <0.001
Adiponectin -0.39 -0.41 +0.52 0.002 0.001 <0.001
Resistin +0.36 +0.42 -0.44 0.004 0.001 0.001
Visfatin +0.47 +0.50 -0.51 <0.001 <0.001 <0.001

oefficient (r)

—0.50 1
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—0.25 4

Correlation between Adipokines and Hormones
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Discussion:

The present study investigated the role of adipokines in female obesity-related infertility by
comparing serum levels of leptin, adiponectin, resistin, and visfatin, alongside reproductive
hormone profiles, between obese infertile women and healthy controls. Our findings demonstrated
significant alterations in adipokine levels and reproductive hormones in obese infertile women,
corroborating the hypothesis that adipokines play a pivotal role in obesity-associated reproductive
dysfunction.

Firstly, the markedly elevated leptin levels observed in obese infertile women compared to
controls align with several previous studies. Leptin, primarily produced by adipose tissue, acts as a
key regulator of energy balance and reproductive function. Elevated leptin levels have been linked
to leptin resistance in obesity, which may disrupt hypothalamic-pituitary-ovarian (HPO) axis
signaling and impair ovulation [20]. The findings of our study were consistent with an earlier
study that also found higher levels of leptin in obese infertile females [21]. Others studies,
however, have failed to find significant differences in leptin levels, possibly due to differences in
population or assay [21]. These contradictions emphasize the complexity of the action of leptin
and the effect of genetic background and the level of obesity.

On the contrary, the level of adiponectin was significantly lower in patient. Adiponectin, which
has been inversely correlated with obesity, is an insulin-sensitizing and anti-inflammatory protein
[22]. Lower adiponectin can lead to insulin resistance, associated with several reproductive
problems including PCOS [23]. Our results agree with [23] who described lower adiponectin
levels among obese infertile women and indicated that decreased production of adiponectin may
worsen ovarian function. However, other studies have reported infertility status does not have an
impact on adiponectin levels, this may be explained by varying BMI or metabolic comorbidity
[24].

The observed elevations in resistin and visfatin levels among patients also support a growing body
of evidence that implicates these adipokines in metabolic and reproductive abnormalities. Resistin,
implicated in inflammation and insulin resistance, may further disrupt follicular development
through pro-inflammatory pathways [25]. Visfatin, similarly, has been associated with metabolic
dysregulation and altered ovarian function [8]. Our results agree with the findings of [26], who
documented higher serum resistin and visfatin in obese infertile women. However, contradictory
reports exist, where visfatin levels showed no correlation with infertility or BMI. Such
inconsistencies may stem from sample size variations or differences in assay sensitivity [27].

Regarding reproductive hormones, the increased levels of FSH and LH and decreased
progesterone and estradiol levels in obese infertile women are indicative of disrupted ovarian
function and impaired luteal phase, consistent with the literature [28]. Elevated FSH and LH
suggest altered gonadotropin regulation possibly mediated by adipokine-induced HPO axis
dysfunction. The negative correlation between leptin and progesterone aligns with reports that
leptin excess can impair corpus luteum function and progesterone synthesis [29]. Decreased
estradiol levels may reflect follicular arrest or diminished aromatase activity in granulosa cells, a
phenomenon observed in obesity [29]. Our findings concur with those of [30], but some studies
report variable hormone profiles depending on infertility etiology and obesity severity [31].

Correlations between adipokines and BMI were consistent with the expected physiological trends.
The strong positive correlation of leptin, resistin, and visfatin with BMI supports their role as
obesity-related mediators of metabolic and reproductive dysfunction. The inverse correlation of
adiponectin with BMI further confirms its protective role [32]. These relationships have been
previously documented in both infertile and general obese populations [33]. The correlations
between adipokines and reproductive hormones highlight the complex interplay influencing
fertility; leptin’s positive correlation with gonadotropins and negative correlation with
progesterone suggest a dual effect in stimulating gonadotropin secretion but impairing luteal
function. Adiponectin’s inverse relationship with FSH and LH and positive association with
progesterone support its role in promoting normal ovarian steroidogenesis [34].
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Conclusion:

In Conclusion, our study adds to the growing evidence that adipokines are key modulators linking
obesity to female infertility by altering metabolic and hormonal homeostasis. While the results
largely agree with previous research, variations in adipokine profiles across studies highlight the
influence of demographic, metabolic, and methodological factors. Future studies should focus on
longitudinal designs and mechanistic investigations to better elucidate causality and therapeutic
targets.

References

1.

10.

11.

12.

13.

Uddandrao, VV Sathibabu, et al. "Pathophysiology of obesity-related infertility and its
prevention and treatment by potential phytotherapeutics.” International Journal of Obesity
48.2 (2024): 147-165.

Sekar, Praveen Kumar Chandra, and Ramakrishnan Veerabathiran. "Genes linked to obesity-
related infertility: bridging the knowledge gap.” Reproductive and Developmental Medicine
8.02 (2024): 121-129.

Zhang, Hong, et al. "Obesity-related indices are associated with self-reported infertility in
women: findings from the National Health and Nutrition Examination Survey." Journal of
International Medical Research 53.2 (2025): 03000605251315019.

Mir, Mohammad Muzaffar, et al. "Differential association of selected adipocytokines,
adiponectin, leptin, resistin, visfatin and chemerin, with the pathogenesis and progression of
type 2 diabetes mellitus (T2DM) in the asir region of Saudi Arabia: A case control
study."” Journal of Personalized Medicine 12.5 (2022): 735.

Kirichenko, Tatiana V., et al. "The role of adipokines in inflammatory mechanisms of
obesity." International journal of molecular sciences 23.23 (2022): 14982.

Kim, Jae Won, Jun Hyeok Kim, and Yoon Jae Lee. "The role of adipokines in tumor
progression and its association with obesity.” Biomedicines 12.1 (2024): 97.

Abdulmuttaleb, Nabaa Azhar, Abdelhameed Abdelkhaliq Oliwi Nasir, and Osama Akram
Mohsein. "Investigation of Genetic Variations in APLN and APLNR Genes and Their
Potential Role in Cardiovascular Diseases.” Reports of Biochemistry and Molecular Biology:
525-539.

Lateef, Diyar, Nesreen Nasser, and Osama Mohsein. "The relationships between Aplein,
Vaspin and thyroid hormone levels in obese diabetic and non-diabetic women." Journal of
Experimental and Clinical Medicine 41.2 (2024): 239-245.

Caruso, Amanda, et al. "Leptin: a heavyweight player in obesity-related cancers.”
Biomolecules 13.7 (2023): 1084.

Jiang, Hai, et al. "Adiponectin, may be a potential protective factor for obesity-related
osteoarthritis.” Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy (2022):
1305-1319.

Ajeed, Abbas Mosad, et al. "Assessing the impact of sleeve gastrectomy on micronutrient
levels and inflammatory markers—a case-control study." (2025).

Naif, Nabaa Hassan, et al. "The Impact of Inflammatory and Adipokine Biomarkers on Breast
Cancer Progression and Patient Outcomes.” Bulletin of Pharmaceutical Sciences Assiut
University 48.1 (2025): 511-522.

Dutta, Sulagna, et al. "Resistin and visfatin: &€~ connecting threadsa€™ of immunity, energy
modulations and male reproduction.” Chemical Biology Letters 8.4 (2021): 192-201.



91

American Journal of Biology and Natural Sciences Volume:2 | Number:8 (2025) Aug

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

Abdulmuttaleb, Nabaa Azhar, Mohammed Qasim Mohammed, and Osama Akram Mohsein.
"The impact of adipocytokines on thyroid function and obesity: A narrative review."
development 8: 9.

Nasser, N. A., et al. "The levels of prostate specific antigen and leptin hormone in patients
with prostate cancer. S." Asian J. Life Sci 13 (2025): 1-7.

Choubey, Mayank, and Nikolaos Nikolettos. "Adipose tissue and adipokines: their roles in
human reproduction.” Frontiers in Endocrinology 15 (2024): 1497744.

Kurowska, Patrycja, et al. "Endocrine disruptor chemicals, adipokines and reproductive
functions.” Endocrine 78.2 (2022): 205-218.

Clemente-Suérez, Vicente Javier, et al. "The role of adipokines in health and disease."
Biomedicines 11.5 (2023): 1290.

Giardullo, Liberato, et al. "Adipokine role in physiopathology of inflammatory and
degenerative musculoskeletal diseases.” International Journal of Immunopathology and
Pharmacology 35 (2021): 20587384211015034.

Ghaderpour, Saber, et al. "The relation between obesity, kisspeptin, leptin, and male fertility."”
Hormone Molecular Biology and Clinical Investigation 43.2 (2022): 235-247.

Dong, Zhen, et al. "Increased serum leptin levels are associated with metabolic syndrome and
semen parameters in patients with infertility.” Medicine 103.44 (2024): e40353.

Pooladi, Marziyeh, Mohammadreza Sharifi, and Gholam Reza Dashti. "Assessment of
Adiponectin and Sperm Function Parameters in Obese and Non-Obese: A Comprehensive
Study." Cell Journal (Yakhteh) 24.12 (2022): 715.

Ryzhov, Julian R., et al. "The follicular levels of adipokines and their ratio as the prognostic
markers of in vitro fertilization outcomes.” Gynecological Endocrinology 37.supl (2021): 31-
34.

Shirazi, Farnaz Kamali Haghighi, Zohre Khodamoradi, and Marjan Jeddi. "Insulin resistance
and high molecular weight adiponectin in obese and non-obese patients with Polycystic
Ovarian Syndrome (PCOS)." BMC endocrine disorders 21 (2021): 1-7.

Moustafa, Shatha Rouf, Hussein Kadhem Al-Hakeim, and Ahmed Jasim Twayej. "Sex
hormones and age are the most effectors on the serum visfatin and resistin levels in patients
with poly cystic ovary syndrome.” AIP Conference Proceedings. Vol. 2386. No. 1. AIP
Publishing, 2022.

Mohammed, Humam D., Rana R. Al-Saadi, and Estabrag AR Al-Wasiti. "Elevated seminal
plasma leptin may correlate with varicocele presence and BML." Journal of Basic and Clinical
Physiology and Pharmacology 36.2-3 (2025): 193-202.

Kadhim, Rafal Salam, and Firas Abdulla Hassan. "Estimation of serum visfatin levels of
infertile women with polycystic ovary syndrome in lraqi patients.” AIP Conference
Proceedings. Vol. 3097. No. 1. AIP Publishing, 2024.

Al-Ttaie, Farah KH, and Zea AM Aljawadi. "HORMONAL AND BIOCHEMICAL STUDY
OF THE EFFECT OF OBESITY ON WOMEN INFERTILITY: Received 2020-02-03;
Accepted 2020-09-14; Published 2021-02-21." Journal of Health and Translational Medicine
(JUMMEC) 24.1 (2021): 53-57.

Giviziez, Christiane Ricaldoni, et al. "Association of overweight and consistent anovulation
among infertile women with regular menstrual cycle: a case-control study.” Revista Brasileira
de Ginecologia e Obstetricia/RBGO Gynecology and Obstetrics 43.11 (2021): 834-8309.



92

American Journal of Biology and Natural Sciences Volume:2 | Number:8 (2025) Aug

30.

31.

32.

33.

34.

Elnour, A. A. A., M. Javed, and M. K. S. Elkhier. "Comparison of prolactin, follicle-
stimulating hormone, luteinizing hormone, estradiol, thyroid-stimulating hormone, free
thyroxine and body mass index between infertile and fertile Saudi women." Obstetrics &
Gynecology International Journal 12.2 (2021): 119-122.

Nelson, Onitsha Enebrayi, and Ezeiruaku Ferdinand Chukwuma. "Association of body mass
index with hypothalamus-pituitary-ovarian axis hormones in infertile women in the Niger
Delta region, Nigeria." Open Journal of Obstetrics and Gynecology 12.8 (2022): 671-685.

Letukiené, Austéja, Vaiva Hendrixson, and Valentina Ginevi¢iené. "Current knowledge and
scientific trends in myokines and exercise research in the context of obesity.” Frontiers in
Medicine 11 (2024): 1421962.

Lendeckel, Frederik, et al. "Association of cardiopulmonary exercise capacity and adipokines
in the general population.” International Journal of Sports Medicine 43.07 (2022): 616-624.

Kirichenko, Tatiana V., et al. "The role of adipokines in inflammatory mechanisms of
obesity." International journal of molecular sciences 23.23 (2022): 14982.



