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ABSTRACT

Background: The menstrual abnormalities are often reproductive disorders among women of reproductive age and are more
often linked to underlying endocrine and metabolic disorders. Polycystic ovary syndrome (PCOS) is well known to result in
insulin resistance; its role in causing menstrual irregularities independently of PCOS in non-PCOS women is a poorly
researched area.

Objective: To evaluate insulin resistance as a factor leading to menstrual irregularities in women of reproductive age, and to
provide a comparative analysis between women with and without polycystic ovary syndrome.

Methods: This is a comparative cross-sectional study carried out between December 2024 and July 2025. One hundred and
ten females with 18-40 years with menstrual abnormalities were recruited and split into the PCOS (n= 55) and non-PCOS
(n= 55) groups. After an overnight fast, the levels of fasting plasma glucose and fasting serum insulin were measured, and
insulin resistance was evaluated using the Homeostatic Model Assessment of Insulin Resistance (HOMA-IR). Menstrual
patterns and anthropometric parameters were measured, and statistical analysis was done to establish correlations of insulin
resistance and menstrual irregularities.

Results: PCOS women showed drastically higher fasting insulin concentrations and HOMA-IR rates than non-PCOS women.
However, the insulin resistance was also observed in a significant number of non-PCOS women. An increment in the HOMA -
IR values of both groups had an important relationship with the severity of menstrual irregularities. The multivariational
outcome was an insulin resistance, which is an independent predictor of menstrual irregularities adjusted by age and body
mass index.

Conclusion: Insulin resistance is a significant factor in the occurrence of menstrual abnormalities in reproductively-aged
women, irrespective of PCOS presence. Regular metabolic screening can help in the diagnosis and specific treatment of
menstrual dysfunction.
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INTRODUCTION

Menstrual regulation is a vital indicator of normal
reproductive and endocrine operations in women of
reproductive age [1]. Menstrual symptoms such as
oligomenorrhea, amenorrhea, or abnormal cyclicity are
common menstrual symptoms that are inherently typical of
them as well as signs of underlying hormonal, metabolic,
and systemic imbalance. Both their diagnosis and

etiological evaluation are clinically important since these
malformations can significantly affect the fertility,
psychological status, and long-term health consequences
[2].

Of the diverse endocrine and metabolic processes that
have been found to be involved in menstrual dysfunction,
insulin resistance has been identified to be a focal
pathophysiological process [3]. Insulin resistance is
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described as the decreased biological action of the
peripheral tissues to insulin, leading to compensatory
hyperinsulinemia. In addition to its classical action of
glucose metabolism, insulin has direct and indirect effects
on the hypothalamic-pituitary-ovarian axis. High levels of
insulin in the circulation increase production of ovarian
androgens, inhibit hepatic production of sex hormone-
binding globulin and normal follicular growth, which
ultimately causes ovulatory dysfunction and menstrual
abnormalities [4].

The most commonly known endocrine disorder is
polycystic ovary syndrome (PCOS), which is linked to
insulin resistance and menstrual abnormalities. In female
PCOS, there is a significant percentage of insulin resistance,
regardless of obesity, which is a critical factor that increases
the effects of hyperandrogenism and reproductive
dysfunction. Therefore, insulin resistance, excess of
androgens, and changes in gonadotropin secretion have
been traditionally blamed as the causes of menstrual
irregularities in PCOS [5].

There is, however, emerging evidence that insulin
resistance not only affects women with PCOS but could be
an independent cause of menstrual disturbances even in
women who do not have the classical signs of the syndrome
[6]. The metabolic dysregulation, such as the impaired
insulin sensitivity, can be present in women who do not
meet the PCOS criteria and may negatively impact the
ovarian activity and menstrual cyclicity. The given
observation defies the traditional belief that menstrual
abnormalities outside of PCOS have mostly isolated
gynecological or hormonal motivations [7].

Structural or hormonal abnormalities are a common
assessment of non-PCOS menstrual abnormalities in
women in clinical practice, whereas metabolic evaluation
can be ignored [8]. This risk of not identifying insulin
resistance in this population can postpone the necessary
interventions and put this group at risk of developing
metabolic complications in the future, such as type 2
diabetes mellitus and cardiovascular disease. Hence, to
provide complete care of the patient, understanding the
independent role of insulin resistance on the regulation of
menstruation is critical [9].

The current study was aimed at assessing insulin
resistance as a cause of menstrual abnormalities in
reproductive-age women, and comparing it between women
with and without polycystic ovary syndrome. Through
analyzing the metabolic parameters and the menstrual
patterns, this study will shed some light on the role of insulin
resistance in menstrual abnormalities other than the PCOS
scenario and the need to screen metabolism in women with
menstrual abnormalities [10].

MATERIALS AND METHODS

The study was a comparative cross-sectional study carried
out in the Gynecology outpatient department of Fatima
Memorial Hospital and College of Medicine and Dentistry,

Lahore, Pakistan, between December 2024 and July 2025.
This study intended to determine the predictive value of
insulin resistance as a factor contributing to menstrual
abnormalities in reproductively aged women, and a
comparative evaluation of the predictive value of the same
among women with and without polycystic ovary syndrome
(PCOS).

The number of women used in the study was 110. A
non-probability consecutive method was applied to recruit
the participants. The subjects were all aged between 18 and
40 years, and all had a history of menstrual irregularities that
lasted at least six months. Menstrual irregularities were
included as oligomenorrhea, which is a period of 35 days or
more than eight cycles annually; amenorrhea, or the absence
of menstruation during three or more years in a row; and
irregular menstrual cycles with irregular periods. The
pregnant and lactating women, those with known diabetes
mellitus, thyroid diseases, hyperprolactinemia, Cushing
syndrome, premature ovarian insufficiency, chronic
systemic diseases, and those who had used hormonal
contraception methods, systemic steroids, anti-androgens,
or insulin-sensitizing drugs in the past three months were
not included in the study.

Once enrolled, the subjects were grouped into two
categories depending on the existence or non-existence of
polycystic ovary syndrome. The Rotterdam diagnostic
criteria were used to diagnose PCOS, with women
diagnosed with PCOS meeting at least two out of the
following features, following an exclusion of the presence
of other endocrine causes: oligo- or anovulation, clinical or
biochemical hyperandrogenism, and polycystic ovarian
morphology on pelvic ultrasonography. Women with
menstrual abnormalities that failed to satisfy these
requirements fell under the non-PCOS group. This was done
to ensure that there was an effort to preserve similar sizes of
groups, where there was a rough equilibrium between the
two groups.

The data was collected using a structured pro forma.
Demographic information, menstrual history, menstrual
period and irregular time, and relevant clinical symptoms,
such as weight gain, acne, and hirsutism, were noted. A
directed physical examination was done for each
participant.

The anthropometric measures comprising weight and height
were measured using normal methods, and body mass index
was determined as the weight in kilograms divided by the
height in meters squared. Measurement of waist
circumference was done at the midpoint of the bottom rib
and the iliac crest. The measurement of the blood pressure
was done in a sitting position and following sufficient rest.

To conduct a laboratory assessment, everyone was
asked to fast overnight, 8-12 hours. This has been done by
measuring the fasting plasma glucose and the fasting serum
insulin concentrations in the venous blood samples
collected in the morning through normal laboratory
procedures. The Homeostatic Model Assessment of Insulin
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Resistance (HOMA-IR) was used to measure insulin
resistance, which is calculated by multiplying fasting
insulin and the fasting glucose (divided into mmol/L). The
participants were categorized into insulin-resistant as per
the accepted clinical cutoff values in the laboratory and the
literature.

Ultrasonography was done on the pelvis when
clinically indicated to identify ovarian morphology,
especially when it was necessary to confirm the presence of
polycystic ovarian features as part of the diagnostic criteria.
The ovarian morphology was assessed based on the normal
parameters of ultrasound, which included the number of
follicles and ovarian volume.

The entry and analysis of the data were performed with
the help of Statistical Package for the Social Sciences
(SPSS) software, version 26. Continuous variables were
represented in terms of mean and standard deviation,
whereas categorical variables were represented by
frequencies and percentages. Proper statistical tests of
continuous and categorical variables were used to compare
both PCOS and non-PCOS groups. The correlation involved
in the analysis of the relationship between insulin resistance
and patterns of menstrual irregularity was evaluated. It was
conducted as a multivariate logistic regression analysis to
determine whether the insulin resistance was an
independent predictor of menstrual irregularities after
taking into consideration other potential confounding
factors (age, body mass index). The p-value threshold was
0.05.

The study was approved by the institutional ethics
review committee (FMH/ERC/GYN/2024/089) before data
collection. Participation was voluntary, and all those who
participated had to submit a written informed consent. It
was ensured that information about the participants was not
disclosed throughout the study and that all procedures were
carried out as required by the ethical requirements in study
involving human beings.

RESULTS

The study involved a total sample of 110 women of
reproductive age who had menstrual irregularities. The
sample was divided equally into two categories: women
with polycystic ovary syndrome (PCOS group, n = 55) and
women with menstrual dysfunctions, but not PCOS (non-
PCOS group, n = 55). Table 1 summarizes the baseline
demographic characteristics of the two groups.

The mean body mass index and waist circumference
showed a higher value in women with PCOS than those
without the disorder, suggesting that there is a degree of
overall and central adiposity in PCOS women. Despite the
similarity of the mean age in the two groups, the
anthropometric parameters were found to exhibit significant
differences, with greater values in the group with PCOS,
comprising women.

In relation to the menstrual cycle, oligomenorrhea was
the highest prevalence of menstrual abnormality in both
groups, then by irregular cycles and amenorrhea.
Amenorrhea was more apparent in the PCOS group, and
irregular but continuing cycles were more prevalent in the
non-PCOS group of women. Table 2 shows the distribution
of the menstrual abnormalities.

Metabolic evaluation showed that the fasting serum
insulin level and HOMA-IR level in the PCOS women were
much higher than the non-PCOS women. Nevertheless, the
non-PCOS group was also characterized by insulin
resistance, which showed that metabolic failure was not
limited to classical PCOS. Table 3 details these biochemical
findings. When the participants were grouped based on
insulin resistance status, a much higher number of insulin-
resistant subjects were found in the PCOS group. However,
insulin resistance was also observed in almost a third of
women who had neither PCOS nor its role as a distinct
metabolic factor should be underrated. Table 4 demonstrates
the prevalence of insulin resistance in both groups.

Table 1: Baseline Demogi;raﬁhic and AnthroEometric Characteristics of the Study Population

Age (years), mean * SD 27.8+4.9 28.3+5.1 0.58
Body Mass Index (kg/m?), mean * SD 28.6+4.2 25.9+3.8 <0.01
Waist Circumference (cm), mean * SD 91.4+9.6 86.2 +8.8 <0.01

Table 2: Distribution of Menstrual Irre%ularities in PCOS and Non-PCOS Groups

Oligomenorrhea 29 (52.7%) 26 (47.3%) 0.56
Amenorrhea 16 (29.1%) 9 (16.4%) 0.04
Irregular cycles 10 (18.2%) 20 (36.3%) 0.03

Table 3: Comiarison of Glicemic and Insulin Resistance Parameters Between Grouis

Fasting Plasma Glucose (mg/dL), mean * SD 96.8 +9.4 94.2+8.7 0.12

Fasting Serum Insulin (ulU/mL), mean * SD 18.9+6.2 13.6+4.9 <0.001

HOMA-IR, mean * SD 45+1.7 32+1.3 <0.001
Table 4: Prevalence of Insulin Resistance (Based on HOMA-IR Cutoff

Insulin resistant 38 (69.1%) 19 (34.5%) <0.001

Insulin sensitive

17 (30.9%)

36 (65.5%)
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Correlational analysis showed that there was a strong
positive relationship between the values of HOMA-IR and
the severity of menstrual abnormalities, and increased
insulin resistance was associated with longer cycle periods
and an increased chance of amenorrhea. The insulin
resistance was found to be a statistically significant
independent predictor of menstrual irregularities even after
controlling for the effects of age and body mass index in the
multivariate logistic regression analysis. These results
suggest that insulin resistance is one of the causes of
menstrual dysfunction among reproductively aged women
regardless of the polycystic ovary syndrome status.

In general, the findings indicate that even though the
prevalence and severity of insulin resistance are higher in
PCOS women, it is also prevalent and clinically significant
in women without PCOS who have menstrual
abnormalities, which speaks in favor of its contribution to
menstrual cycle disruption.

DISCUSSION

The current study determined the value of insulin resistance
as a predictor of menstrual disruptions in reproductively-
aged women, and there was a comparative evaluation of
respondents with and without polycystic ovary syndrome
[11]. The results indicate that insulin resistance is strongly
related to menstrual disruptions not only in women with
PCOS but also in women who are not diagnosed with the
syndrome in question, which is why it can be considered an
independent and clinically valuable factor in the regulation
of the menstrual cycle [12].

The PCOS women in this study had higher body mass
index, waist circumference, fasting insulin measures, and
HOMA-IR measures than non-PCOS women. The findings
are in line with known evidence that insulin resistance and
central obesity are fundamental metabolic phenotypes of
PCOS [13]. Hyperinsulinemia of PCOS increases the
ovarian androgen secretion, inhibits the sex hormone-
binding globulin synthesis in the liver, interrupts the normal
follicular development, and thus leads to chronic
anovulation and menstrual disorders. The fact that
amenorrhea is more common among women with PCOS in
this study also proves the correlation between extreme
insulin resistance and deeper reproductive malfunction [14].

Notably, a significant percentage of women who did
not develop PCOS had also exhibited insulin resistance,
even in the absence of polycystic ovarian morphology and
overt hyperandrogenism. The primary manifestations of
these women were oligomenorrhea or irregular cycles
instead of amenorrhea, and it seems that there is a spectrum
between menstrual cycle and metabolism disruptions [15].
This observation supports the idea that ovarian dysfunction
can be acquired by the intrinsic effect of insulin resistance
alone to modify gonadotropin release, decrease the insulin-
stimulated ovarian tissue glucose consumption, and disrupt

the development of the follicle, even in non-PCOS groups
[16].

The fact that a positive relationship is observed
between the values of HOMA-IR and the severity of
menstrual irregularities in both sets of study participants
suggests that there is a dose-response relationship between
insulin resistance and menstrual dysfunction [17]. In
addition, the multivariate analysis also established insulin
resistance as an independent risk factor for menstrual
irregularities upon controlling for age and body mass index.
This indicates that obesity is not the only mediator of the
effects of insulin resistance on menstrual control, but that
there is a direct metabolic-endocrine interaction [18].

These findings have clinical implications. It is
common for women who have menstrual abnormalities to
be assessed with gynecological or hormonal etiology,
especially PCOS, and metabolic assessment may be ignored
when they do not have typical PCOS manifestations [19].
The inability to detect insulin resistance among such a
population might slow down specific lifestyle or
pharmacological treatment and predispose such a
population to subsequent complications in the long term,
including type 2 diabetes mellitus, metabolic syndrome, and
cardiovascular disease. The detected cases of insulin
resistance at the early stage provide a chance of timely
interventions that would restore the normal menstrual cycle
and enhance the overall metabolism [20].

Although this study has its advantages, it has some
limitations. The cross-sectional type does not allow the
development of a causal correlation between insulin
resistance and menstrual irregularities [1-8]. Also, insulin
resistance was determined by the use of HOMA-IR as
opposed to more sophisticated dynamic procedures.
Nevertheless, HOMA-IR is a popular and usable instrument
for clinical and epidemiological studies. Longitudinal
analyses are required in the future that will determine
whether the insulin sensitivity improvement results in
persistent menstrual cycle normalization in both PCOS and
non-PCOS women [20].

CONCLUSION

This study indicates that insulin resistance is a major and
independent predictor of menstrual disorders among
menstrual-age women regardless of the presence of
polycystic ovary syndrome. Although PCOS-related insulin
resistance is more frequent and more intense in women, it is
also frequent and clinically significant in women without
PCOS who visit healthcare with menstrual troubles. These
findings promote the applicability of metabolic screening,
particularly for insulin resistance, to the whole group of
women who have menstrual abnormalities. With a multi-
disciplinary metabolic and reproductive approach in clinical
practice, insulin resistance may be treated and diagnosed at
an early stage to improve the reproductive outcomes, future
metabolic health, and menstrual regularity.

11

Dev. Med. Life Sci., Vol. No. 2, December, 2025



Metabolic Determinants of Menstrual Dysfunction

Conflict of Interest: The authors declare that they have no
conflicts of interest.

Funding: This research did not receive any specific grant
from funding agencies in the public, commercial, or not-for-
profit sectors.

Acknowledgments: The authors acknowledge Fatima
Memorial Hospital & College of Medicine and Dentistry,
Lahore, Pakistan, for providing clinical facilities and
institutional support for the successful conduct of this study.
Authors’ Contributions: IA conceptualized and designed
the study, collected clinical data, and drafted the manuscript.
AN contributed to data analysis and interpretation. MUK
supervised the study, contributed to study design, and
critically revised the manuscript. All authors read and
approved the final manuscript.

Data Availability Statement: The datasets generated
and/or analyzed during the current study are available from
the corresponding author upon reasonable request, subject
to ethical and institutional guidelines.

REFERENCES

1. Pirotta S, Joham A, Grieger JA, et al. Obesity and the risk of
infertility, gestational diabetes, and type 2 diabetes in polycystic
ovary syndrome. Semin Reprod Med. 2020;38(6):342-351.
doi:10.1055/s-0041-1726866

2. Hoeger KM, Dokras A, Piltonen T. Update on PCOS: consequences,
challenges, and guiding treatment. J Clin Endocrinol Metab.
2021;106(3):¢1071-e1083. doi:10.1210/clinem/dgaa839

3. Rahmatnezhad L, Moghaddam-Banaem L, Behroozi-Lak T, et al.
Association of insulin resistance with polycystic ovary syndrome
phenotypes and patients’ characteristics. Reprod Biol Endocrinol.
2023;21(1):113. doi:10.1186/s12958-023-01160-z

4. Zhao H, Zhang J, Cheng X, et al. Insulin resistance in polycystic
ovary syndrome across various tissues: pathogenesis, evaluation,
and treatment. J Ovarian Res. 2023;16(1):9. doi:10.1186/s13048-
022-01091-0

5. Genazzani A. Inositols: reflections on how to choose the appropriate
one for PCOS. Gynecol Endocrinol. 2020;36(12):1045-1046.
doi:10.1080/09513590.2020.1846697

6. Lawrence MC. Understanding insulin and its receptor from their
three-dimensional  structures. Mol Metab. 2021;52:101255.
doi:10.1016/j.molmet.2021.101255

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

James DE, Stockli J, Birnbaum MJ. The aetiology and molecular
landscape of insulin resistance. Nat Rev Mol Cell Biol.
2021;22(11):751-771. doi:10.1038/s41580-021-00390-6

Xu J, Dun J, Yang J, et al. The letrozole rat model mimics human
polycystic ovarian syndrome and changes in insulin signaling
pathways. Med Sci Monit. 2020;26:2923073.
doi:10.12659/MSM.923073

Zeng X, Xie YJ, Liu YT, et al. Polycystic ovarian syndrome:
correlation between hyperandrogenism, insulin resistance, and
obesity. Clin Chim Acta. 2020;502:214-221.
doi:10.1016/j.cca.2019.11.003

Tian Y, Li J, Su S, et al. PCOS-GWAS susceptibility variants and
their association with insulin resistance. Front Endocrinol
(Lausanne). 2020;11:274. doi:10.3389/fend0.2020.00274

LiM, Chi X, Wang Y, et al. Trends in insulin resistance: insights into
mechanisms and therapeutic strategies. Signal Transduct Target
Ther. 2022;7(1):216. doi:10.1038/s41392-022-01073-0

Herman R, Sikonja J, Jensterle M, et al. Insulin metabolism in
polycystic ovary syndrome: secretion, signaling, and clearance. Int
J Mol Sci. 2023;24(4):3140. doi:10.3390/ijms24043140
Hernandez-Jiménez JL, Barrera D, Espinoza-Simon E, et al.
Polycystic ~ ovarian  syndrome:  feedback  effects  of
hyperandrogenism and insulin resistance. Gynecol Endocrinol.
2022;38(1):2-9. doi:10.1080/09513590.2021.2003326

Zhu Q, Yao Y, Xu L, et al. Elevated SAAl promotes insulin
resistance in ovarian granulosa cells in PCOS. Reprod Biol
Endocrinol. 2022;20(1):4. doi:10.1186/s12958-021-00873-3

Tan M, Cheng Y, Zhong X, et al. LNK promotes granulosa cell
apoptosis in PCOS via AKT-FOXO3 signaling. Aging (Albany NY).
2021;13(3):4617-4633. doi:10.18632/aging.202421

Yang X, Wang K, Lang J, et al. miR-133a-3p promotes ovarian
insulin resistance in obese PCOS patients. BMC Womens Health.
2022;22(1):412. doi:10.1186/s12905-022-01994-6

Jiang NX, Zhao WJ, Shen HR, et al. Hyperinsulinemia impairs
decidualization via AKT-NR4Al signaling in PCOS-related
infertility. J Ovarian Res. 2024;17(1):31. doi:10.1186/s13048-023-
01334-8

Wang K, Li Y, Chen Y. Androgen excess: a hallmark of polycystic
ovary syndrome. Front Endocrinol (Lausanne). 2023;14:1273542.
doi:10.3389/fend0.2023.1273542

Dietz de Loos ALP, Jiskoot G, Timman R, et al. Improvements in
PCOS phenotype severity during lifestyle intervention. Reprod
Biomed Online. 2021;43(2):298-309.
doi:10.1016/j.rbmo.2021.05.008

Lei R, Chen S, Li W. Advances in the correlation between insulin
resistance and infertility. Fromt Endocrinol  (Lausanne).
2024;15:1288326. doi:10.3389/fendo.2024.1288326

This article may be cited as: Ahsan I, Nawaz A, Khan MU. Insulin resistance as a determinant of menstrual irregularities

in women of reproductive age with and without polycystic ovary syndrome: metabolic determinants of menstrual
dysfunction. Dev Med Life Sci. 2025;2(12):8-12. doi:10.69750/dmls.02.012.0180

Publisher’s Note:

Developmental Medico-Life-Sciences
remains neutral about jurisdictional claims
in published maps and institutional
affiliations.

DILS
Publléostier

Developmental Medico-Life-Sciences Research
and Publications Pvt Ltd.

Dev. Med. Life Sci., Vol. No. 12, December, 2025

12



