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Abstract

Background:

PCOS is often accompanied by insulin resistance, even during adolescence and early adulthood. Fasting glucose may remain
normal despite abnormal glucose handling after a glucose load. This study estimated the prevalence of IGT and diabetes
mellitus in young women with PCOS and examined their demographic, anthropometric, familial, and clinical correlates.

Methods:

A hospital-based cross-sectional study was conducted in the Departments of OBG at Kakatiya Medical College,
Hanumakonda, and Government Medical College, Mulugu, Telangana, India. The study included 100 women aged 15-25
years who fulfilled the Rotterdam criteria for PCOS. Disorders that could mimic PCOS were excluded. Demographic
characteristics, anthropometric measurements, family history, and clinical findings were recorded. Glycaemic status was
assessed using a 75 g oral glucose tolerance test and classified according to WHO criteria. Associations were tested using
the chi-square or Fisher’s exact test.

Results:

Abnormal glucose tolerance was identified in 27% of participants. IGT was present in 22%, while 5% had diabetes mellitus;
the remaining 73% had normal glucose tolerance. Dysglycaemia was observed across the 15-25-year age group and was
proportionally higher among women from urban areas, higher socioeconomic groups, and those with a family history of
PCQOS, although these demographic associations were not statistically significant. The prevalence of abnormal glucose
tolerance increased with BMI and was highest among women with class Il obesity. A waist-hip ratio of >0.85 and a family
history of diabetes were also significantly associated with dysglycaemia. Acanthosis nigricans, primary subfertility, and
polycystic ovarian morphology on ultrasonography were more frequent among women with IGT or diabetes.

Conclusion:

More than one in four young women with PCOS had abnormal glucose tolerance. A 75 g oral glucose tolerance test may
help identify early dysglycaemia, particularly in women with obesity, central adiposity, acanthosis nigricans, or a family
history of diabetes.
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Introduction

Polycystic ovary syndrome (PCOS) is a heterogeneous
endocrine disorder that begins around puberty and continues
across reproductive life. It is traditionally recognised by
ovulatory  dysfunction, clinical or  biochemical
hyperandrogenism, and polycystic ovarian morphology,
after exclusion of disorders that can mimic the phenotype
[1-5]. Although menstrual irregularity, acne, hirsutism, and
subfertility often bring patients to clinical care, the
metabolic component of PCOS is equally important. Current
international guidance places emphasis on metabolic risk

assessment, including glycaemic evaluation, because PCOS
is associated with insulin resistance, central adiposity,
dyslipidaemia, metabolic syndrome, and an increased risk of
type 2 diabetes [1,3,6].

Insulin resistance in PCOS is not explained by obesity alone.
Obesity, particularly central obesity, amplifies insulin
resistance, but lean women with PCOS may also show
reduced insulin-mediated glucose  disposal and
compensatory hyperinsulinaemia [7-9]. Hyperinsulinaemia
can worsen ovarian androgen production and lower hepatic
sex hormone-binding globulin, thereby increasing free
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androgen exposure. This interaction creates a clinically
important bridge between reproductive and metabolic
manifestations of PCOS [7-9].

The choice of screening test is relevant in young patients.
Fasting plasma glucose is convenient, but it may fail to
identify women whose fasting value is normal while the 2-
hour post-load glucose value is abnormal. Several studies
and consensus statements have therefore supported the use
of a 75 g OGTT in women with PCOS, particularly when
risk factors such as overweight, obesity, central adiposity, or
family history of diabetes are present [10-17]. Adolescents
and young adults deserve special attention because the
diagnosis of PCOS is often made early, while opportunities
for prevention are still realistic [14,15,25].

The present study was undertaken to estimate the prevalence
of IGT among young women with PCOS attending a tertiary
hospital outpatient department and to examine its
relationship with demographic, anthropometric, familial,
and clinical variables. The study focused on women aged
15-25 years, a group in whom early metabolic screening
may guide counselling, lifestyle intervention, and long-term
follow-up.

Materials and Methods

Study design and setting

This was a cross-sectional study conducted in the outpatient
Departments of OBG at Kakatiya Medical College,
Hanumakonda, and the Government Medical College,
Mulugu, Telangana, India. The study period was August
2024 to April 2026. The study population consisted of young
women presenting to the gynaecology outpatient department
and diagnosed with PCOS according to Rotterdam criteria.

Study participants

Women aged 15-25 years were eligible if they fulfilled
Rotterdam diagnostic criteria for PCOS. The criteria
included at least two of the following features after
exclusion of related disorders: oligo-ovulation or
anovulation, clinical or biochemical hyperandrogenism, and
polycystic ovarian morphology on ultrasonography.
Polycystic ovarian morphology was defined as 12 or more
follicles measuring 2-9 mm in diameter in each ovary and/or
ovarian volume greater than 10 mL. Women with
hypothyroidism, hyperprolactinaemia, Cushing syndrome,
congenital adrenal hyperplasia, or adrenal tumours were
excluded.

Sample size calculation

The sample size was calculated using the formula n =
Z2pg/d2. A 95% confidence level was used, with Z = 1.96.
The expected proportion of PCOS among women attending
the obstetrics and gynaecology outpatient department was
taken as 7%, q was 93%, and the absolute allowable error
was 5%. The calculated sample size was approximately 100.
Therefore, 100 eligible women with PCOS were included.
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Sampling method

Eligible outpatient attendees with symptoms suggestive of
PCOS were assessed against the inclusion and exclusion
criteria. Women who provided complete information and
written informed consent underwent clinical evaluation and
OGTT. Recruitment continued until the required sample
size was achieved.

Data collection and clinical evaluation

Data were collected using a predesigned, pretested, semi-
structured schedule. Information on age, locality,
socioeconomic status, marital status, menstrual history,
symptoms, family history of PCOS, and family history of
diabetes mellitus was recorded. Height was measured
barefoot to the nearest 0.5 cm using a wall-mounted
stadiometer. Weight was measured to the nearest 0.5 kg, and
BMI was calculated as weight in kilograms divided by
height in metres squared. Waist and hip circumferences
were measured with a non-stretchable tape; waist
circumference was measured midway between the lowest
rib and the iliac crest, and hip circumference was measured
at the maximum circumference over the buttocks. Waist-hip
ratio was calculated as waist circumference divided by hip
circumference. Hirsutism was assessed clinically by
evaluating terminal hair distribution over standard body
areas, consistent with the Ferriman-Gallwey approach.
Acne, androgenic alopecia, and acanthosis nigricans were
recorded as present or absent.

Oral glucose tolerance test

After a 3-day carbohydrate diet of approximately 150 g/day
and an overnight fast of 8-10 hours, all participants
underwenta 75 g OGTT. Fasting plasma glucose and 2-hour
post-load plasma glucose were measured after
administration of 75 g glucose dissolved in 250-300 mL
water. Glucose estimation was performed using the glucose
oxidase-peroxidase method. Glucose categories were
interpreted using WHO criteria: normal glucose tolerance
was defined as fasting glucose <110 mg/dL and 2-hour
glucose <140 mg/dL; impaired fasting glucose as fasting
glucose 110-125 mg/dL; impaired glucose tolerance as 2-
hour glucose 140-199 mg/dL; and diabetes mellitus as
fasting glucose >=126 mg/dL or 2-hour glucose >=200
mg/dL.

Bias

Several measures were taken to reduce potential bias. The
same eligibility criteria and Rotterdam diagnostic standards
were applied at both study centres to limit variation in
participant selection. Conditions that could mimic PCOS,
including hypothyroidism, hyperprolactinaemia, Cushing
syndrome, congenital adrenal hyperplasia, and adrenal
tumours, were excluded before enrolment. Demographic
and clinical information were collected using a predesigned,
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pretested schedule, while anthropometric measurements
were obtained using uniform procedures and predefined cut-
offs. All participants underwent the same 75 g oral glucose
tolerance test after an overnight fast, and glycaemic status
was classified according to World Health Organization
criteria, thereby reducing measurement and classification
bias. Clinical findings such as hirsutism, acne, acanthosis
nigricans, and ultrasonographic ovarian morphology were
recorded using predefined criteria. To reduce analytical bias,
appropriate statistical tests were selected according to data
distribution and cell frequency. However, selection bias
cannot be completely excluded because the study was
hospital-based, and recall bias may have affected self-
reported family history. Residual confounding is also
possible because individual-level data were not available for
multivariable adjustment.

Ethical considerations

The study protocol was reviewed and approved by the
Institutional Ethics Committee of Kakatiya Medical
College, Hanumakonda, Telangana vide approval number-
KMC/OBG/Faculty/2024-35 dated 12 July 2024. Written
informed consent was obtained from all adult participants
before enrolment. For participants younger than 18 years,
written informed assent was obtained along with consent
from a parent or legally authorised guardian. Participant
confidentiality was maintained throughout the study, and all
records were coded before analysis.
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Statistical analysis

Data were entered into Microsoft Excel and analysed using
SPSS version 16. Categorical variables were presented as
frequencies and percentages, while available continuous
variables were summarised as mean and standard deviation.
Associations between abnormal glucose tolerance and
demographic, anthropometric, and familial variables were
assessed using Pearson’s chi-square test. For the exploratory
binary comparisons presented with odds ratios and 95%
confidence intervals, Fisher’s exact test was applied because
of the small cell frequencies in some categories. A two-sided
p-value below 0.05 was considered statistically significant.

Results:

Participant flow

During the study period, young women aged 15-25 years
with clinical features suggestive of PCOS were assessed for
eligibility at the two study centres. Women fulfilling the
Rotterdam criteria, meeting the eligibility requirements, and
providing written informed consent were enrolled. A total of
100 participants completed the demographic, clinical,
anthropometric, and laboratory assessments, including the
75 g oral glucose tolerance test. All 100 participants were
included in the final analysis. As this was a cross-sectional
study, no longitudinal follow-up was planned, and there
were no withdrawals after enrolment. The participant-
selection process is shown in Figure 1.
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Figure 1: Participant Flow Diagram of the Study Participants

Baseline profile of the study population (43%). Based on BMI, 41% had normal weight, 29% were
The study included 100 young women with PCOS. Most  overweight, and 26% were obese. Family history of PCOS
participants were aged 21-25 years (81%), while 19% were ~ was present in 14%, family history of diabetes in 29%, and
aged 16-20 years. Urban residents formed 65% of the  waist-hip ratio >=0.85 in 27%. The baseline distribution is
cohort. Socioeconomic class Il was the largest group  presented in Table 1.

Table 1: Baseline demographic and anthropometric profile of the study population (N=100).

Variable Category n %
Age group 16-20 years 19 19.0
21-25 years 81 81.0
Locality Rural 35 35.0
Urban 65 65.0
Socioeconomic class Class | 18 18.0
Class 11 18 18.0
Class Il 43 43.0
Class IV 21 21.0
Class V 0 0.0
BMI category Underweight (<18.5) 4 4.0
Normal (18.5-24.99) 41 41.0
Overweight (25-29.99) 29 29.0
Obese | (30-34.99) 17 17.0
Obese 11 (35-39.99) 9 9.0

Family history of PCOS Positive 14 14.0
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Negative

Family history of diabetes Positive

Waist-hip ratio

Marital status

Negative
<0.85
>=0.85
Unmarried
Married

86
29
71
73
27
21
79

86.0
29.0
71.0
73.0
27.0
21.0
79.0

BMI, body mass index; PCOS, polycystic ovary syndrome. Percentages are calculated using the total sample size of 100

Presenting clinical features
Irregular menstrual cycles were the most frequent clinical feature and were reported in 87 women. Polycystic ovarian
morphology on ultrasonography was present in 80 women. Primary subfertility was present in 61%, hirsutism in 55%, acne

in 44%, and acanthosis nigricans in 34% (Table 2).

Table 2: Clinical features among women with PCOS.

Clinical feature n %

Irregular cycles 87 87.0
Hirsutism 55 55.0
Acne 44 44.0
Primary subfertility 61 61.0
Acanthosis nigricans 34 34.0
PCOS on USG 80 80.0

Prevalence of glucose tolerance abnormalities

More than one clinical feature could be present in the same participant.

The OGTT showed normal glucose tolerance in 73 women, IGT in 22, and diabetes mellitus in five. Therefore, 27% of the
cohort had abnormal glucose tolerance when IGT and diabetes were considered together. Figure 2 shows the distribution of

glucose tolerance categories, and Table 3 presents the numerical distribution.

Table 3: Glucose tolerance status based on 75 g OGTT.

Glucose category n %
OGTT 73 73.0
IGT 22 22.0
Diabetes mellitus 5 5.0

OGTT, oral glucose tolerance test; IGT, impaired glucose tolerance.
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Glucose tolerance categories among young women with PCOS

73%

70 1
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Figure 2: Distribution of glucose tolerance categories based on 75 g OGTT.

Association of abnormal glucose tolerance
with demographic and anthropometric
variables

Abnormal glucose tolerance was slightly more frequent in
women aged 21-25 years than in those aged 16-20 years, but
the difference was not statistically significant. Urban
women had a higher proportion of abnormal glucose
tolerance than rural women; however, this did not reach
statistical significance on the reconstructed contingency

analysis. Socioeconomic class showed a descending
proportion from class | to class IV, but the overall
association was not significant. BMI category showed a
clear association with abnormal glucose tolerance. Women
in the obese class Il group had the highest proportion of
abnormal glucose tolerance. Waist-hip ratio >=0.85 and
positive family history of diabetes were also significantly
associated with abnormal glucose tolerance. These
associations are summarised in Table 4 and illustrated in
Figures 3 and 4.

Table 4: Association between selected variables and abnormal glucose tolerance (AGT = IGT
+ diabetes).

Variable Chi-square df p value Interpretation
Age group 0.00 1 1.0000 Not significant
Locality 1.94 1 0.1636 Not significant
Socioeconomic class  2.64 3 0.4511 Not significant
BMI category 24.52 4 0.0001 Significant
Family history of 0.22 1 0.6402 Not significant
PCOS

Family history of 5.37 1 0.0204 Significant
diabetes

Waist-hip ratio 9.93 1 0.0016 Significant

AGT, abnormal glucose tolerance; IGT, impaired glucose tolerance; df, degrees of freedom. P values were recalculated
from the aggregate counts reported in the dissertation. Pearson’s chi-square test was used to assess associations between
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abnormal glucose tolerance and the selected categorical variables.

Glucose status across BMI categories
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Figure 3: Normal and abnormal glucose tolerance across BMI categories.

Abnormal glucose tolerance by selected risk factors
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Figure 4: Abnormal glucose tolerance according to locality, family history of diabetes, and
waist-hip ratio.

In binary effect estimation, obesity (BMI >=30 kg/m2), family history of diabetes, and waist-hip ratio >=0.85 showed
increased odds of abnormal glucose tolerance. The strongest observed point estimate was for central adiposity measured by
waist-hip ratio, followed by obesity and family history of diabetes (Table 5).
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Table 5. Odds ratios for selected binary predictors of abnormal glucose tolerance.

Predictor Odds ratio 95% ClI Fisher's exact p-value
Obesity (BMI >=30) vs 5.47 2.06-14.53 0.0007

BMI <30

Urban vs rural 231 0.83-6.41 0.1558

Family history of PCOS 1.62 0.49-5.34 0.5177

present vs absent

Family history of diabetes 3.31 1.30-8.44 0.0139

present vs absent

WHR >=0.85 vs <0.85 4.97 1.90-13.03 0.0017

Cl, confidence interval. Odds ratios and 95% confidence intervals were calculated from the available aggregate counts.
Fisher’s exact test was used for the corresponding 2 x 2 comparisons. These estimates were exploratory because
multivariable adjustment could not be performed without individual-level data.

Grouped scatter analysis for BMI and IGT
prevalence

A grouped scatter plot was used to examine the relationship
between increasing BMI category and IGT prevalence.
Because individual-level BMI and glucose values were not
available in the dissertation file, the plot used approximate

BMI category midpoints and category-specific IGT
percentages. Spearman's rank correlation showed a positive
monotonic trend between BMI category and IGT prevalence
(rh0=0.90, p=0.037). This analysis should be interpreted as
an ecological trend across categories rather than an
individual-level correlation (Figure 5).

BMI category midpoint and IGT prevalence
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Figure 5: Grouped scatter plot showing the trend between BMI category midpoint and IGT
prevalence.


https://obsgyn.sjpublisher.org/index.php/OBGYN/index

Page | 9

Clinical features across glucose tolerance
categories

Several clinical features were more frequent in women with
IGT or diabetes than in those with normal glucose tolerance.
Acanthosis nigricans increased from 26.02% in the normal
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glucose tolerance group to 54.54% in the IGT group and
60% in the diabetes group. Primary subfertility and
polycystic ovarian morphology on ultrasonography also
showed higher proportions in the IGT and diabetes groups.
Irregular cycles remained highly prevalent across all glucose
categories (Table 6).

Table 6. Clinical features according to glucose tolerance category.

Clinical feature NGT (%) IGT (%) Diabetes (%)
Irregular cycles 87.67 90.90 100.00
Hirsutism 52.05 63.63 60.00

Acne 42.46 45.45 60.00
Primary subfertility 56.16 72.72 80.00
Acanthosis nigricans 26.02 54.54 60.00

PCOS on USG 75.34 90.90 100.00

NGT, normal glucose tolerance; IGT, impaired glucose tolerance. Values indicate the percentage within each glucose
tolerance category.

Discussion

This hospital-based observational study found that abnormal
glucose tolerance was common among young women with
PCOS. Although the cohort was restricted to women aged
15-25 years, 22% had IGT and 5% had diabetes mellitus on
75 g OGTT. These findings are clinically relevant because
many women in this age group present primarily for
menstrual irregularity, acne, hirsutism, or subfertility, while
metabolic risk may remain unrecognised unless specifically
screened.

The prevalence of IGT in the present study is within the
broad range reported in previous PCOS cohorts. Differences
across studies are expected because of variation in age,
ethnicity, BMI distribution, diagnostic criteria, and
recruitment setting. Earlier prospective studies reported high
rates of IGT and diabetes in reproductive-age women with
PCOS [12,13]. Adolescent studies also found that
dysglycaemia can occur early and may be detected across
the BMI spectrum [14,15,25]. Systematic reviews have
consistently shown that PCOS is associated with increased
odds of IGT, type 2 diabetes, and metabolic syndrome, even
when BMI is considered [10,20].

BMI was one of the clearest correlates of abnormal glucose
tolerance in this cohort. The proportion of abnormal glucose
tolerance was low among women with normal BMI but
increased in the overweight and obese categories, reaching
the highest level among women with class Il obesity. The
grouped scatter analysis also suggested a monotonic rise in
IGT prevalence with increasing BMI category. This
supports the known role of adiposity in aggravating insulin
resistance in PCOS. However, the presence of abnormal
glucose tolerance in non-obese categories reinforces the
view that BMI alone should not be used to exclude
metabolic risk [10,14,15].

Central adiposity, reflected by a waist-hip ratio >=0.85,
showed a significant association with abnormal glucose
tolerance. Waist-hip ratio may capture metabolic risk not

fully reflected by BMI because abdominal adiposity is
closely linked with insulin resistance, inflammatory
adipokine changes, and hepatic metabolic dysfunction. The
higher abnormal glucose tolerance in women with increased
waist-hip ratio in this cohort is consistent with guideline
recommendations to assess anthropometric risk beyond
body weight alone [1,3,6].

Family history of diabetes was also significantly associated
with abnormal glucose tolerance. This finding is
biologically plausible because beta-cell reserve, insulin
sensitivity, and diabetes risk are influenced by genetic and
shared environmental factors. In PCOS, family history may
help identify women who require closer glycaemic
surveillance. The study also found higher glucose
abnormality in women with a family history of PCOS, but
the association was not statistically significant, possibly
because only 14 women reported a positive PCOS family
history. Prior work has suggested that family history of type
2 diabetes and PCOS can help stratify metabolic and
endocrine phenotypes among women with PCOS [18].

A notable clinical observation was the higher prevalence of
acanthosis nigricans among women with IGT and diabetes.
Acanthosis  nigricans is a visible marker of
hyperinsulinaemia and insulin resistance. In practice, its
presence should alert clinicians to the possibility of
dysglycaemia, particularly when accompanied by obesity,
central adiposity, or a family history of diabetes. Primary
subfertility and ultrasonographic PCOS morphology were
also more frequent among women with IGT or diabetes, but
these findings should be interpreted cautiously because the
sample size was limited and the analysis was not adjusted
for BMI or age.

The present findings support the use of OGTT in young
women with PCOS. Fasting glucose can appear normal in
women who have abnormal 2-hour post-load glucose
values. This limitation has been shown in several PCOS
studies and is reflected in guideline discussions [11,16,17].
In the present cohort, IGT was substantially more common
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than diabetes, which indicates an early metabolic stage
where lifestyle counselling and follow-up can still be
preventive.

Generalizability

The findings of this study may apply to young women with
PCOS who attend hospital-based gynaecology outpatient
services, particularly in similar tertiary care settings. Since
the study included women aged 15 to 25 years, the results
are most relevant to adolescents and young adults with
PCOS. However, the findings should be applied with
caution to the general community because the sample was
hospital-based and may include women with more
symptoms or higher health-seeking behaviour than the wider
PCOS population. The results may also vary in older
women, lean PCOS phenotypes, and women from different
ethnic, dietary, and socioeconomic backgrounds.

Conclusion

In this cohort of young women with PCOS, 22% had
impaired glucose tolerance and 5% had diabetes mellitus on
75 g OGTT. Abnormal glucose tolerance was significantly
associated with higher BMI category, increased waist-hip
ratio, and family history of diabetes. These findings indicate
that metabolic screening should begin early in PCOS, rather
than being delayed until later reproductive age. OGTT is
useful because post-load dysglycaemia may be missed by
fasting glucose alone. Young women with PCOS, especially
those with obesity, central adiposity, acanthosis nigricans,
or a family history of diabetes, should receive structured
counselling on lifestyle modification and periodic metabolic
follow-up.

Strengths and Limitations

The major strength of the study is that all participants
underwent OGTT rather than relying only on fasting
glucose. The study also focused on a young age group,
where early identification can influence long-term
counselling and prevention. Anthropometric and clinical
data were collected systematically, allowing assessment of
BMI, waist-hip ratio, family history, and common PCOS
symptoms.

The study has limitations. It was hospital-based and
included only 100 participants, so the estimates may not
represent the community prevalence of dysglycaemia
among all young women with PCOS. There was no non-
PCOS control group. Family history was based on
participant report rather than direct verification of relatives.
Individual-level raw data were not available for this
manuscript preparation; therefore, multivariable regression,
individual-level scatter plots, and adjusted estimates could
not be performed. The grouped scatter plot should be read
only as an aggregate trend. Long-term follow-up was not
available, so progression from IGT to diabetes could not be
assessed.
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Recommendations

Young women diagnosed with PCOS should be screened
early for glucose intolerance, preferably with a 75 g oral
glucose tolerance test, as fasting glucose alone may miss
post-load dysglycaemia. Screening should be given
particular importance in women with obesity, increased
waist-hip ratio, acanthosis nigricans, or a family history of
diabetes. Lifestyle counselling on diet, physical activity,
weight control, and long-term metabolic follow-up should
be included as part of routine PCOS care. Larger
community-based studies with control groups and follow-up
assessments are recommended to confirm these findings and
to understand the progression of impaired glucose tolerance
in young women with PCOS.
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