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ABSTRACT

Background: Polycystic Ovary Syndrome (PCOS) is a common endocrine disorder often linked to insulin
resistance and metabolic dysfunction. Obesity, frequently observed in women with PCOS, may further intensify
these metabolic disturbances, particularly during pregnancy. This study aimed to evaluate the impact of obesity on
insulin resistance among pregnant women with a history of PCOS. Methods: A cross-sectional analytical study
was carried out at Al-Imamain Al-Kadhimain Medical City between November 2024 and March 2025. Sixty
pregnant women were enrolled and divided into two groups based on PCOS history. Each group was further
categorized as obese or non-obese according to BMI. Fasting blood glucose, insulin, and HbAlc levels were
measured during early pregnancy. Statistical analysis assessed the independent and combined effects of PCOS and
obesity on insulin resistance. Results: Women with a history of PCOS demonstrated significantly elevated insulin
resistance compared to those without PCOS. This group also exhibited higher BMI and poorer glycemic control.
Obesity alone was independently associated with increased fasting glucose, insulin, and HbAlc levels. When
PCOS and obesity coexisted, insulin resistance was notably exacerbated. The interaction between PCOS and
obesity showed a synergistic effect, further impairing metabolic outcomes. Conclusion: Obesity significantly
worsens insulin resistance in pregnant women with PCOS. These findings highlight the need for early screening,
weight management, and metabolic monitoring in this high-risk population to reduce adverse maternal and fetal
outcomes.

KEYWORDS: PCOS, Pregnancy, Obesity, Insulin Resistance, Fasting Glucose, HbAlc, Fasting Insulin.

disorders such as T2DM and cardiovascular disease."
The Rotterdam criteria, developed in 2003, remain the

INTRODUCTION
Obesity has emerged as a global health crisis affecting

millions, with substantial repercussions on reproductive
health. It is closely associated with metabolic
disturbances, particularly insulin resistance (IR) and type
2 diabetes mellitus (T2DM).? During pregnancy,
physiological insulin resistance is further amplified,
increasing the risk of gestational diabetes mellitus
(GDM), hypertensive disorders, and adverse neonatal
outcomes.*¥!  These complications are significantly
pronounced in women with a history of polycystic ovary
syndrome (PCOS), who already exhibit baseline insulin
resistance and hormonal imbalances.” PCOS is a
multifaceted endocrine disorder that affects 6-15% of
women globally, with prevalence reaching up to 20% in
Middle Eastern populations, including Irag, due to
genetic, lifestyle, and environmental factors.’® It is a
leading cause of infertility and a precursor to metabolic

most widely accepted diagnostic framework for PCOS.
Diagnosis  requires two of the following:
oligo/anovulation, clinical or biochemical
hyperandrogenism, and polycystic ovarian morphology
on ultrasound."™ Based on these criteria, PCOS is
categorized into four phenotypes, with phenotypes A and
B—marked by hyperandrogenism and anovulation—
exhibiting more severe metabolic dysfunction.™™ Insulin
resistance is a hallmark of PCOS, present in 50-70% of
affected women regardless of BMI. Its pathophysiology
involves post-receptor defects, genetic susceptibility, and
chronic inflammation."?  Hyperinsulinemia  further
aggravates ovarian androgen production and impairs
follicular development, contributing to anovulation and
subfertility.™® During pregnancy, this resistance
intensifies, predisposing women with PCOS to GDM,
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hypertensive  disorders, and long-term metabolic
complications.****! Evaluation tools such as HOMA-IR
and QUICKI are widely used to assess insulin sensitivity
in clinical settings. Obesity, which affects 40-80% of
women with PCOS, particularly central adiposity,
exacerbates insulin resistance via the release of
proinflammatory cytokines and adipokines that impair
insulin signaling.™® This metabolic milieu perpetuates
a cycle of hyperinsulinemia, hyperandrogenism, and
reproductive dysfunction. Obese women with PCOS face
heightened risks of GDM, preeclampsia, cesarean
delivery, and adverse neonatal outcomes such as
macrosomia  and  neonatal  hypoglycemia.l*?%
Management strategies, including lifestyle modifications
and pharmacologic interventions like metformin, have
demonstrated  efficacy in  improving metabolic
parameters and pregnancy outcomes, though further
evidence is needed.” Additionally, maternal obesity
independently predicts adverse pregnancy outcomes and
contributes to intergenerational  transmission of
metabolic disease.”*®! Given the complexity and
overlapping mechanisms of PCQOS, insulin resistance,
and obesity, early identification and intervention are
essential to optimize maternal and fetal health outcomes
during pregnancy.? Aim of The Study to evaluate
Obesity influence on Insulin resistant in pregnant women
with history of PCOS.

Method

his analytical cross-sectional study was conducted at the
Obstetrics and Gynecology Department of Al-Imamain
Al-Kadhimain Medical City in Baghdad, Irag, over a
five-month period from November 2024 to March 2025.
The objective was to evaluate the influence of obesity on
insulin resistance in pregnant women with a documented
history of Polycystic Ovary Syndrome (PCOS).

A total of 60 pregnant women attending antenatal clinics
were enrolled and divided equally into two groups: the
PCOS group (n=30), comprising women with a
confirmed history of PCOS based on the Rotterdam
criteria, and the non-PCOS group (n=30), composed of
age- and BMI-matched pregnant women without any
previous PCOS diagnosis. Each group was further

stratified into obese (BMI > 25 kg/m?) and non-obese
(BMI < 25 kg/m?2) subgroups. Inclusion criteria included
pregnant women aged 18-45 years, with singleton
pregnancies confirmed by ultrasound, a gestational age
of < 20 weeks, and documented consent to participate.
Women with multiple gestation, known endocrine
disorders other than PCOS, pre-existing or early
gestational diabetes, recent use of insulin-sensitizing
medications or corticosteroids, or chronic systemic
ilinesses were excluded. Data collection involved
structured interviews and review of medical records to
obtain clinical and demographic information. BMI was
calculated from measured height and weight. Venous
blood samples were collected after an 8-12 hour fast to
determine fasting plasma glucose (FPG), fasting insulin,
and glycated hemoglobin (HbAlc) levels using standard
automated assays in the hospital’s central laboratory.
Insulin resistance was evaluated using direct markers
(FPG, fasting insulin, HbAlc), and further analysis using
indices such as HOMA-IR and QUICKI was considered.
Statistical analysis was performed using SPSS version
25. Descriptive statistics summarized the data.
Independent t-tests and Chi-square tests compared
continuous and categorical variables, respectively. Two-
way ANOVA was used to examine the interactive effects
of obesity and PCOS. A p-value < 0.05 was considered
statistically significant.

RESULTS

A total of 60 pregnant women were included in the
study, equally divided into two groups: 30 women with
Polycystic Ovary Syndrome (PCOS) and 30 without
(Non- PCOS), matched for age and preconception BMI.
Comparison Between PCOS and Non-PCOS Groups
(Table 1): The mean age of PCOS participants was
significantly lower (29.7 £ 5.0 years) compared to the
non-PCOS group (32.7 + 5.8 years; p = 0.0082). Despite
matching, the preconception BMI was significantly
higher in PCOS women (38.8+ 6.2 kg/m?) than non-
PCOS women (30.2 £ 5.6 kg/m?; p < 0.0001). A
significantly higher proportion of PCOS women were
obese (96.7%) compared to the non-PCOS group
(76.7%; p = 0.022).

Table 1: Comparison between PCOS pregnant women and non-PCOS pregnant women matched for age and

BMI at ireconceition.

29.7 29 0
PCOS 50 38.8+6.2 (96.7%) 1 (3.3%) 110.4+£105
327+ 23 0
Non- PCOS 58 30.2+5.6 (76.7%) 7 (23.3%) 81.3+6.9
2
P-value 0.0082 2.2 x 10710 0'25520(% 0.022 (1 test) 4.2 x 10715
Metabolic  parameters also showed statistically Similarly, fasting insulin levels were markedly elevated

significant differences. PCOS women had higher fasting
plasma glucose (FPG) levels (110.4 + 10.5 mg/dL) than
non-PCOS women (81.3 + 6.9 mg/dL; p < 0.0001).

in the PCOS group (10.68 + 2.8 pU/mL) compared to the
non-PCOS group (4.10 £ 1.04 pU/mL; p < 0.0001).
Glycated hemoglobin (HbAlc) was also higher among
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PCOS participants (6.156 + 0.193%) versus non-PCOS
(5.096 + 0.189%; p < 0.0001), indicating impaired

glucose metabolism in the PCOS group as in table 2.

Table 2: Comparison between PCOS and non-PCOS pregnant women.

Age (years) 29.7 £5.03 32.73 £5.77 0.0082
BMI (kg/m?) 38.8+6.18 30.22 + 5.57 2.2x1071°
Fasting Glucose (mg/dL) 110.35+10.48 | 81.32+6.91 4.2 x 1071°
Fasting Insulin (uU/mL) 10.68 + 2.8 410+ 1.04 1.78 x 1077
HbAlc (%) 6.156 £ 0.193 | 5.096 +0.189 <0.0001

Effect of Obesity Within PCOS Group (Table 3):
Within the PCOS cohort, obesity significantly influenced
metabolic outcomes. Obese PCOS women had higher
fasting glucose and insulin levels, with statistically
significant differences observed for both parameters (p =

0.033 and p = 0.028, respectively). The F-values for
glucose and insulin were 160.41 and 145.95,
respectively, indicating a strong effect of PCOS status
itself, while the F-values for obesity on these parameters
were lower (4.75 and 5.1), suggesting additive effects.

Table 3: Comparison between obese and non-obese PCOS women.

L

=

Fasting Glucose 160.41

2.42 x 10718

4.75 0.033

Fasting Insulin 145.95

1.78 x 1077

5.1 0.028

The interaction of PCOS and obesity was further
examined through two-way ANOVA. Obese women had
higher BMI (39.3 vs. 24.57), higher fasting insulin
(10.78 pU/mL vs. 8.05 pU/mL), and increased HbAlc
(6.16% vs. 5.92%) compared to non-obese women.

Significant differences were seen across all markers with
p-values ranging from 0.0001 to 0.033, confirming the
independent and combined effects of PCOS and obesity
on insulin resistance markers. As in table 4.

Table 4: Two-way ANOVA table showing the influence of PCOS and obesity on insulin resistance markers.

Non-obese 39 24 .57 111.36 8.05 5.92

Obese 29.38 39.3 110.34 10.78 6.16

P-value 0.0001 | <0.0001 0.03346 0.02776 0.0004
DISCUSSION being overweight or obese.™ Obesity exacerbates

This study demonstrates that pregnant women with
Polycystic Ovary Syndrome (PCOS) exhibit significantly
elevated markers of insulin resistance—including fasting
glucose, fasting insulin, and HbAlc—when compared to
pregnant women without PCOS. These results align with
established evidence suggesting that PCOS is inherently
associated with insulin resistance, a condition further
aggravated by the insulin-resistant state of pregnancy.?!
Our findings corroborate earlier research by Dunaif et
al., who proposed that women with PCOS exhibit a
primary defect in insulin action, evidenced by elevated
insulin levels.”? Similarly, Legro et al. observed
increased risks of gestational diabetes mellitus (GDM)
and heightened fasting glucose and HbAlc levels in
pregnant women with PCOS, findings that mirror those
of our current study.”®! Although participants were
matched for age and BMI prior to conception, PCOS
women exhibited significantly higher BMI during early
pregnancy. This could be attributed to increased fat
accumulation due to hyperandrogenism and heightened
insulin resistance, both of which are characteristic of
PCOS®* The association between obesity and PCOS is
well documented, with up to 70% of PCOS patients

insulin resistance through adipokine imbalance and low-
grade inflammation.”® Our two-way ANOVA analysis
revealed that both PCOS and obesity had independent
and significant effects on metabolic parameters. Obese
participants—regardless of PCOS status—had elevated
fasting insulin and HbAlc levels, highlighting obesity’s
role as a standalone contributor to insulin resistance.
These results are consistent with those of Barber et al.,
who found that insulin resistance is significantly more
pronounced in obese PCOS women than in lean
counterparts.”” Similarly, Zhang X et al. reported that
obesity aggravates the metabolic profile of PCOS
patients and  increases  cardiovascular  risk.[*®
Interestingly, non-obese women with PCOS in our study
also demonstrated elevated insulin resistance markers
when compared to non-PCOS controls, though to a lesser
extent than their obese counterparts. This supports the
hypothesis that insulin resistance is a fundamental
feature of PCOS pathophysiology, independent of body
weight.” Lastly, our findings support the conclusions of
Rababa'h AM et al., who emphasized that lifestyle
modifications and weight loss significantly improve
insulin sensitivity and reproductive outcomes in women
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with PCOS.BY Collectively, these findings underscore
the importance of early metabolic screening and targeted

interventions—especially

in pregnant women with

PCOS—to mitigate adverse maternal and fetal outcomes.

CONCLUSION
This study confirms that pregnant women with PCOS
have significantly higher insulin resistance, especially

when obese.

Obesity alone also worsens insulin

resistance in non-PCOS women. The combination of
PCOS and obesity has a synergistic effect on metabolic
dysfunction. These findings highlight the dual burden of
PCOS and obesity on glucose metabolism during
pregnancy.

REFERENCES

1.

10.

Azziz R, Woods KS, Reyna R, Key TJ,
Knochenhauer ES, Yildiz BO. The prevalence and
features of the polycystic ovary syndrome in an
unselected population. J Clin Endocrinol Metab,
2014; 89(6): 2745-9.

Al-Ruhaily AD, Malabu UH, Sulimani RA.
Polycystic ovary syndrome-related complications in
Saudi women. Clin Med Insights Reprod Health,
2013; 7: 15-9.

Catalano PM, Mclintyre HD, Cruickshank JK, et al.
The hyperglycemia and adverse pregnancy outcome
study: associations of GDM and obesity with
pregnancy outcomes. Diabetes Care, 2022; 35(4):
780-6.

Teede H, Deeks A, Moran L. Polycystic ovary
syndrome: a complex condition with psychological,
reproductive, and metabolic manifestations that
impacts on health across the lifespan. BMC Med,
2021; 8: 41.

Palomba S, de Wilde MA, Falbo A, Koster MP, La
Sala GB, Fauser BC. Pregnancy complications in
women with polycystic ovary syndrome. Hum
Reprod Update, 2019; 21(5): 575-92.

Poston L, Caleyachetty R, Cnattingius S, et al.
Preconceptional and maternal obesity: epidemiology
and health consequences. Lancet Diabetes
Endocrinol, 2020; 4(12): 1025-36.

Rotterdam ESHRE/ASRM-Sponsored PCOS
Consensus  Workshop  Group. Revised 2003
consensus on diagnostic criteria and long-term
health risks related to PCOS. Fertil Steril, 2020;
81(1): 19-25.

Fauser BC, Tarlatzis BC, Rebar RW, et al.
Consensus on women's health aspects of polycystic
ovary syndrome (PCOS). Fertil Steril, 2019; 97(1):
28-38.

Dewailly D, Gronier H, Poncelet E, et al. Diagnosis
of polycystic ovary syndrome (PCOS): revisiting the
threshold values of follicle count on ultrasound and
of the serum AMH level for the definition of
polycystic ovaries. Hum Reprod, 2021; 26(11):
3123-9.

Diamanti-Kandarakis E, Dunaif A. Insulin resistance
and the polycystic ovary syndrome revisited: an

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

update on mechanisms and implications. Endocr
Rev, 2019; 33(6): 981-1030.

Moran LJ, Misso ML, Wild RA, Norman RJ.
Impaired glucose tolerance, type 2 diabetes and
metabolic syndrome in PCOS: a systematic review
and meta-analysis. Hum Reprod Update, 2022;
16(4): 347-63.

Dunaif A. Insulin resistance and the polycystic
ovary syndrome: mechanism and implications for
pathogenesis. Endocr Rev, 2000; 18(6): 774-800.
Toulis KA, Goulis DG, Kolibianakis EM, Venetis
CA, Tarlatzis BC, Papadimas I. Risk of gestational
diabetes mellitus in women with PCOS: a systematic
review and meta-analysis. Hum Reprod Update,
2019; 15(6): 575-92.

Barbour LA, McCurdy CE, Hernandez TL, Kirwan
JP, Catalano PM, Friedman JE. Cellular mechanisms
for insulin resistance in normal pregnancy and
gestational diabetes. Diabetes Care, 2017; 30(Suppl
2): S112-9.

Bozkurt N, Erdem M, Yildiz BO. Insulin resistance
and polycystic ovary syndrome. J Obstet Gynaecol
Res, 2019; 38(4): 489-95.

Hotamisligil GS. Inflammation and metabolic
disorders. Nature, 2016; 444(7121): 860—7.
Gambineri A, Pelusi C, Vicennati V, Pagotto U,
Pasquali R. Obesity and the polycystic ovary
syndrome. Int J Obes Relat Metab Disord, 2016;
26(7): 883-96.

Rojas J, Chavez M, Olivar L, et al. Polycystic ovary
syndrome, insulin resistance, and obesity: navigating
the pathophysiological labyrinth. Int J Endocrinol,
2014; 2014: 719050.

Legro RS, Castracane VD, Kauffman RP. Detecting
insulin resistance in polycystic ovary syndrome:
purposes and pitfalls. Obstet Gynecol Surv, 2022;
59(2): 141-54.

Lim SS, Davies MJ, Norman RJ, Moran LJ.
Overweight, obesity, and central obesity in women
with PCOS: a systematic review and meta-analysis.
Clin Endocrinol (Oxf), 2021; 77(4): 525-35.
Diamanti-Kandarakis E, Dunaif A. Insulin resistance
and the polycystic ovary syndrome revisited: an
update on mechanisms and implications. Endocr
Rev, 2012 Dec; 33(6): 981-1030.
d0i:10.1210/er.2011-1034. Epub 2012 Oct 12.
PMID: 23065822; PMCID: PMC5393155.

Dunaif A, Fauser BC. Renaming PCOS--a two-state
solution. J Clin Endocrinol Metab. 2013 Nov;
98(11): 4325-8. d0i:10.1210/jc.2013-2040. Epub
2013 Sep 5. PMID: 24009134; PMCID:
PMC3816269.

Legro RS, Arslanian SA, Ehrmann DA, Hoeger KM,
Murad MH, Pasquali R, Welt CK; Endocrine
Society. Diagnosis and treatment of polycystic ovary
syndrome: an Endocrine Society clinical practice
guideline. J Clin Endocrinol Metab. 2013 Dec;
98(12): 4565-92. doi:10.1210/jc.2013-2350. Epub
2013 Oct 22. Erratum in: J Clin Endocrinol Metab.
2021 May 13; 106(6): £2462.

www.wjahr.com |

Volume 9, Issue 9, 2025 |

1ISO 9001:2015 Certified Journal

| 124



Alfartosy et al. World Journal of Advance Healthcare Research

doi:10.1210/clinem/dgab248. PMID: 24151290;
PMCID: PMC5399492,

24. S.S. Lim, M.J. Davies, R.J. Norman, L.J. Moran,
Overweight, obesity and central obesity in women
with polycystic ovary syndrome: a systematic
review and meta-analysis, Human Reproduction
Update,  November/December  2012;  18(6):
618-637, https: //doi.org/10.1093/humupd/dms030

25. Escobar-Morreale HF. Polycystic ovary syndrome:
definition, aetiology, diagnosis and treatment. Nat
Rev Endocrinol, 2018 May; 14(5): 270-284.
d0i:10.1038/nrendo.2018.24. Epub 2018 Mar 23.
PMID: 29569621.

26. Mustafa HJ, Sheikh J, Berghella V, et al. Prevention
of preterm birth in twin pregnancy: international
Delphi consensus. Ultrasound Obstet  Gynecol.
2025; 65(6): 712-722. doi:10.1002/u0g.29220

27. Barber TM, McCarthy MI, Wass JA, Franks S.
Obesity and polycystic ovary syndrome. Clin
Endocrinol (Oxf). 2006 Aug; 65(2): 137-45.
doi:10.1111/j.1365-2265.2006.02587.X. PMID:
16886951.

28. Zhang X, Lian F, Liu D. Comparison of IVF/ICSI
outcomes in advanced reproductive age patients with
polycystic ovary syndrome and advanced
reproductive age normal controls: a retrospective
cohort study. BMC Pregnancy Childbirth. 2023;
23(1):  440. Published 2023  Jun 14,
d0i:10.1186/s12884-023-05732-0

29. Azziz R. Polycystic ovary syndrome: what's in a
name?.J Clin Endocrinol Metab. 2014; 99(4):
1142-1145. doi:10.1210/jc.2013-3996

30. Rababa'’h AM, Matani BR, Yehya A. An update of
polycystic ovary syndrome: causes and therapeutics
options. Heliyon. 2022; 8(10): €11010. Published
2022 Oct 10. doi:10.1016/j.heliyon.2022.e11010

www.wjahr.com | Volume 9, Issue 9, 2025 ISO 9001:2015 Certified Journal | 125


https://doi.org/10.1093/humupd/dms030

