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ABSTRACT

Objectives: To assess the prevalence and associated factors of abnormal glucose metabolism (AGM)
including impaired fasting glucose (IFG), impaired glucose tolerance (IGT) and diabetes mellitus
(DM) in Thai women with polycystic ovary syndrome (PCOS).

Materials and Methods: A retrospective study was conducted in PCOS women who came to the
Srinagarind Hospital, Khon Kaen University during 2014 - 2020. Glucose metabolism was
determined by a 75-g oral glucose tolerance test. IFG, IGT, and DM were defined according to
the American Diabetes Association 2021 criteria. Logistic regression analysis was applied to
assess factors associated with AGM. The 95% confidence interval (Cl) was calculated to
determine the precision of results.

Results: Of 188 patients, AGM was noted in 65 PCOS women, accounting for the prevalence of 34.6
% (95%CI 28.1 - 41.7). Among those with AGM, 10.1%, 23.9%, and 4.8% were diagnosed with
IFG, IGT and DM, respectively. Compared to those without AGM, PCOS women with AGM
trended to have higher body mass index, waist circumference, waist to hip ratio, blood pressure,
and triglyceride level. These clinical parameters and anthropometric measures however were
not independently associated with AGM by mean of multiple logistic regression analysis.

Conclusion: Abnormal glucose metabolism was prevalent among PCOS women residing in the
Northeast Thailand. Approximately 5% of PCOS women in this study were diagnosed with type
2 DM. Anthropometric measures were not independently associated with AGM.
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Introduction

Polycystic ovary syndrome (PCOS) is a common
endocrinopathy in reproductive-aged women®. It is a
complex disorder characterized by hyperandrogenism,
ovulatory dysfunction and polycystic ovarian
morphology®. Apart from reproductive disturbance,
women with PCOS carry higher risks of various
metabolic disturbances, including diabetes mellitus,
dyslipidemia, and cardiovascular disease®%.

Several hypotheses have been proposed to be
the pathogenesis of PCOS, however the definite one
has not been established. The pathophysiology of
PCOS is complex and multifactorial involving endocrine,
metabolic, genetic, epigenetic, and environmental
factors®. Although insulin resistance is not a diagnostic
criterion of PCOS, it may be central to the etiology of
the syndrome®. Insulin resistance and compensatory
hyperinsulinemia brings PCOS women to an increased
risk of abnormal glucose metabolism (AGM). AGM
consists of an impaired fasting glucose (IFG), impaired
glucose tolerance (IGT) and type 2 diabetes mellitus
(T2DM). The American Diabetic Association (ADA)
recommends using a 75-g oral glucose tolerance test
(OGTT) for investigating AGM®. Due to the fact that
women with PCOS carry a higher risk of developing
AGM, OGTT should be investigated for assessing
glycemic status in all women with PCOS®©#).

The prevalence of AGM among PCOS women
varies according to the ethnicity of population
assessed®'®. Asian, American, and European PCOS
women carry 5, 4, and 3-fold increased risks of
developing AGM®1213)_ To date, existing evidence
regarding the prevalence of AGM among Thai women
with PCOS are limited%'". The prevalence of AGM
among Thai women with PCOS varies widely across
the regions, ranging from 20.0% to 45.9%4. T2DM,
the most severe form of AGM, was noted in 5.6%-11.4%
of Thai women with PCOS#17),

Since the cultural and food consumption behavior
differ across the regions in Thailand which may have
had a contributing effect on the glycemic status. The
present study was accordingly undertaken with the aim
to assess the prevalence and associated factors of AGM
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among PCOS women attending the gynecological
endocrinology clinic at Srinagarind Hospital which is a
tertiary hospital in Northeastern region of Thailand.

Materials and Methods
Study setting and participants

This study was a retrospective study conducted
at the gynecological endocrinology clinic, Srinagarind
Hospital, Khon Kaen University, Thailand. The study
protocol was approved by the Khon Kaen University
Ethics Committee for Human Research (HE631201).
The data from reproductive-aged PCOS patients visiting
the clinic between 2014-2020 were reviewed. A
diagnosis of PCOS was based on the revised Rotterdam
2003 criteria™®. Women who had been previously
diagnosed with diabetes mellitus, dyslipidemia, or other
endocrinologic abnormalities or had history of steroid
or other hormonal usage or had incomplete medical
records were excluded. The objectives of the present
study were to investigate the prevalence and associated
factors of AGM in PCOS women.

Data collection and variables of interest

The demographic and laboratory data from the
computer-based medical records system were extracted
and collected to add to the data collection form that one
of the authors made, then transferred to Microsoft Excel
program and double checked by another author for
correctness before analysis. The variables of interest
included age, body weight, height, body mass index
(BMI), waist circumference, waist-to-hip ratio (WHR)
and blood pressure. The results of plasma glucose level
and lipid profiles that were obtained from initial visit of
each woman were collected.

Glucose metabolism was determined by a 75-g
OGTT. Abnormal plasma OGTT was classified
according to the ADA 2021 criteria®. IFG was defined
as fasting plasma glucose (FPG) levels from 100 to
125 mg/dl. IGT was defined as a 2-hour plasma glucose
(2-h PG) levels from 140 to 199 mg/dl. T2DM was
defined as FPG = 126 mg/dl or 2-h PG = 200 mg/dI.
Prediabetes state is the term used for individuals who
have IFG or IGT which glucose levels are higher than

VOL. 31, NO. 1, JANUARY 2023



normal but not meet the diagnostic criteria for T2DM.
Prediabetes is a serious health condition as the majority
of individuals with prediabetes will eventually develop
diabetes.

Statistical analysis

Statistical analysis was performed using Stata
program version 10. Descriptive statistics including
mean (standard deviation), median (interquartile range),
and number (percentage) were used to report the
characteristics of the patients. Comparisons between
the groups were performed using the student’s t-test,
Mann-Whitney U test, Chi-squared test, or Fisher’s
exact test when appropriate. The independent risk
factors associated with AGM were assessed using
multiple logistic regression analysis. The 95% confidence

interval (Cl) was calculated to determine the precision
of results. P<0.05 was considered statistically
significant.

Results

During the study period, a total of 188 PCOS
women attending the gynecological endocrinology
clinic, Srinagarind Hospital were reviewed. The
results of OGTT are demonstrated in Table 1. AGM
was detected in 65 women, accounting for the
prevalence of 34.6% (95%CI 28.1% to 41.7%). Of
these, 10.1% had IFG (95%CI 6.5% to 15.4%),
23.9% had IGT (95%CI 18.3% to 30.6%) and 4.8%
had T2DM (95%CI 2.5% to 9.0%). Pre-diabetes state
was found in 30.9% of women (95%CI 24.6% to
37.9%)

Table 1. Prevalence of abnormal glucose metabolism in 188 Thai women with polycystic ovary syndrome.

Abnormal glucose metabolism' Prevalence
n % (95% confidence interval)
Overall 65 34.6 (28.1 - 41.7)
Pre-diabetes state? 58 30.9 (24.6 - 37.9)
- Impaired fasting glucose (IFG) 19 10.1 (6.5- 15.4)
- Impaired glucose tolerance (IGT) 45 23.9 (18.3 - 30.6)
Diabetes mellitus (DM)3 9 4.8 (2.5-9.0)
- Fasting plasma glucose = 126 mg/dl 6 3.2 (1.4 -70)
- 2-hour glucose = 200 mg/dI* 9 4.8 (2.5-9.0)

' Abnormal glucose metabolism: impaired fasting glucose (fasting plasma glucose = 100-125 mg/dl), impaired glucose tolerance (2-hour

glucose = 140-199 mg/dl), or diabetes mellitus (DM)

2 Pre-diabetes state: impaired fasting glucose (IFG) or impaired glucose tolerance (IGT) (13 women had IFG, 39 women had IGT, and 6

women had combined IFG plus IGT)

3 Diabetes mellitus: fasting plasma glucose = 126 mg/dl or 2-hour glucose = 200 mg/dl (3 women had 2-hour glucose = 200 mg/dl and 6
women had combined fasting plasma glucose = 126 mg/dl plus 2-hour glucose = 200 mg/dl)
46 women had combined fasting plasma glucose = 126 mg/dl plus 2-hour glucose = 200 mg/dl, 2 women had IFG plus 2-hour glucose >

200 mg/dl, and 1 woman had 2-hour glucose = 200 mg/dl alone

Table 2 demonstrates the clinical and laboratory
characteristics of 188 women with PCOS. In
comparison to those without AGM, women with AGM
had significantly higher body weight, BMI, waist
circumference, WHR, blood pressure, and triglyceride
(TG) level. High density lipoprotein (HDL) level was
lower among women with AGM when compared to
those without AGM.
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The significant factors associated with increased
risk of AGM among PCOS women were age > 30 years,
BMI = 25 kg/m? and waist circumference = 80 cm with
odds ratio of 2.35 (95%CI 1.18 to 4.68), 2.26 (95%ClI
1.21 10 4.22) and 2.06 (95%CI 1.10 to 3.87), respectively
(Table 3). After adjusted factors with multiple logistic
regression analysis, these associations however were
not statistically significant.
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Table 2. Characteristics of 188 Thai women with polycystic ovary syndrome with abnormal glucose metabolism

and those with normal glucose metabolism.

Characteristics All PCOS women Abnormal Normal glucose p value
(n=188) glucose metabolism
metabolism’ (n =123)
(n = 65)

Age (years) 24 (21-29) 25 (21-30) 24 (21-29) 0.343
Body weight (kilograms) 66 (53-81) 71 (58-87) 61 (51-79) 0.018
Height (centimeters) 159.9 + 6.1 158 (156-166) 160 (156-163) 0.638
Body mass index (kg/m?) 25 (21-31) 27 (23-31) 24 (20-30) 0.011
Waist circumference (centimeters) 80 (70-92) 85 (76-92) 80 (68-90) 0.013
Waist to hip ratio 82.9+6.6 84.9+6.0 81.7 £ 6.7 0.002
Systolic blood pressure 120.5 (110.5-133) 130 (115-137) 119 (108-130) 0.003
Diastolic blood pressure 73.8 £12.0 76.4+£12.9 72.4+11.3 0.030
Hypertension? 10 (5.3%) 6 (9.2%) 4 (3.3%) 0.097
Family history of DM 51 (27.1) 21 (32.3%) 30 (24.4%) 0.246
Glucose metabolism

Fasting plasma glucose (mg/dl) 88 (83-94.5) 97 (88-104) 86 (80-90) < 0.001

2-Hour glucose (mg/dl) 116 (95-146.5) 158 (145-179) 102 (91-119) < 0.001
Lipid profiles

Total cholesterol 191.5 (172- 215.5) 188 (171-206) 196 (172-218) 0.184

HDL 56 (46-69.5) 50 (42-59) 60 (50-72) 0.001

LDL 129 (110.5-152) 126 (114-148) 134 (109-156) 0.676

Triglyceride 114 (81.5- 154) 125 (88-161) 111 (79-141) 0.030

Data are presented as mean =+ standard deviation, median (interquartile range) and number (%)
PCOS: polycystic ovary syndrome, DM: diabetes mellitus, HDL: high density lipoprotein, LDL: low density lipoprotein

' Abnormal glucose metabolism: impaired fasting glucose (fasting plasma glucose = 100-125 mg/dl), impaired glucose tolerance (2-hour
glucose = 140-199 mg/dl), or diabetes mellitus (DM)
2 Hypertension: systolic blood pressure = 140 mmHg or diastolic blood pressure = 90 mmHg

Table 3. Risk factors for abnormal glucose metabolism (AGM) in 188 PCOS women.

Factors

OR (95% CI)'

Adjusted OR (95% CI)?

Age = 30 years

BMI = 25 kg/m?

Waist circumference = 80 cm
Hypertension

Dyslipidemia

2.35 (1.18 - 4.68) *
2.26 (1.21 - 4.22) *
2.06 (1.10 - 3.87) *
3.03 (0.82 - 11.14)
1.59 (0.77 - 3.28)

1.86 (0.89 - 3.88)
1.51 (0.53 - 4.26)
1.27 (0.46 - 3.53)

Data were analyzed using logistic regression analysis.

" simple logistic regression analysis

2 multiple logistic regression analysis adjusted with all factors in this table

* p-value < 0.05

PCOS: polycystic ovary syndrome, OR: odds ratio, Cl: confidence interval, BMI: body mass index
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Discussion

Our study revealed that the prevalence of AGM
in PCOS women residing in Northeastern region of
Thailand was 34.6% (95%CI 28.1% to 41.7%). Among
women who had AGM, 30.9% had pre-diabetes state
which include IFG and IGT. T2DM was noted in 4.8%
(95%CI 2.5% to 9.0%) of patients. Patients’ age and
anthropometric measures however were not
independently associated with the risk of AGM.

The prevalence of pre-diabetes state and T2DM
noted in our study appeared to be higher than that in
general Thai female population. In a study of Aekplakorn
et al, which was undertaken among Thai population
aged = 20 years during 2004-2014, the prevalence of
IFG and T2DM in female aged 20 - 29-year-old were
8.9% and 2.9%, respectively. Findings of our study thus
reaffirmed that PCOS women is a subset of women
with an increased risk of developing glucose abnormality.
Determining glycemic status, therefore, is an essential
assessment for PCOS women®. Interestingly, our
result showed that 67.2% of women with pre-diabetes
state and 11.1% of those with T2DM did not have IFG.
Determining fasting plasma glucose alone, therefore,
is insufficient to diagnose AGM in all PCOS women.
These findings supported the use of a 75-g OGTT as
a screening tool for AGM among PCOS women.

To our knowledge, there were only four studies
assessing the prevalence of AGM in Thai PCOS
women“", Three studies were conducted in Bangkok
and the remaining one in Chiang Mai. All the prior
studies recruited reproductive-aged PCOS women
according to the revised Rotterdam diagnostic criteria™®.
Albeit of the same ethnicity and PCOS phenotype, the
prevalence of AGM reported in these studies varies
widely. Our study revealed lower AGM prevalence than
that reported by Charnvises et al® and Weerakiet
et al™, which were undertaken among PCOS women
residing in Bangkok. These two previous studies found
prevalence of AGM among PCOS women to be 42.9%
and 45.9%, respectively. In comparison to the previous
study conducted in Chiang Mai by Pantasri et al, the
prevalence in our study was also lower. Pantasri et al
reported that approximately 43% of PCOS women
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residing in Chiang Mai were noted to have AGM. The
difference of AGM prevalence among Thai PCOS
women noted in our study compared to previously
reported findings may be due to the fact that the PCOS
women in our study appeared to be younger and had
lower BMI than that in previous reports, thus, carrying
a lower risk of AGM.

Another one study was undertaken in Bangkok
by Wongwananuruk et al™. Although comparable in
age of study samples, the prevalence of AGM in our
study was higher than that in Wongwananuruk et al
(34.6% versus 20%, respectively). The higher
prevalence of AGM among PCOS women residing in
Northeastern region of Thailand than those in Bangkok
may be secondary to the impact of food consumption
behaviors which vary across the regions. Data from the
Thai National Health Examination Survey IV observed
that the carbohydrate-rich consumption i.e. sticky rice
was more common in the North and Northeast of
Thailand®@". Several studies demonstrated the
association of consumption of carbohydrate-rich food
and an increased risk of developing abnormal glycemic
status®24, This may have led to higher prevalence of
AGM in our study when compared to the study
conducted in Bangkok albeit of the same age-group of
PCOS population.

The present study demonstrated that PCOS
women with AGM had significantly higher body weight,
BMI, waist circumference, waist to hip ratio, blood
pressure, and triglyceride level in comparison to those
without AGM. These findings were in line with the
previous studies in Thai PCOS women which also
reported the association of these factors and an
increased risk of AGM(4'). By mean of univariate
analyses, women with age = 30-year-old, BMI
> 25 kg/m?, and waist circumference > 80 cm were
shown to have higher risk for AGM. Nevertheless, these
variables were not statistically significant when adjusted
with multiple logistic regression analyses. This was in
line with findings previously report which demonstrated
that age and BMI were not independent risk factors for
AGM in PCOS patients™. In addition, a systematic
review and meta-analysis assessing insulin resistance
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in PCOS patients reported that a reduction in insulin
sensitivity among PCOS women was independent of
BMI and age®®. These findings might highlight
multifactorial involvement in glucose abnormality in
PCOS patients®®.

This was the first study assessing the prevalence
of AGM among PCOS women residing in the Northeast
Thailand. Our study was able to denote some findings
that appeared to be unique for our setting. The
diagnostic criteria applied in our study was according
to the update standard criteria. However, our study had
some limitations. Firstly, the design of the present study
was retrospective. Therefore, some informative data,
particularly data regarding physical manifestations of
insulin resistance i.e. acanthosis nigricans, androgenic
status, details of exercise, and drinking behavior, were
unavailable. Secondly, this study was undertaken in a
single tertiary care hospital in the Northeast Thailand
which limits an extrapolation of our findings to Thai
PCOS women of different settings.

Conclusion

Abnormal glucose metabolism was highly
prevalent among PCOS women residing in the
Northeast Thailand with a rate of 34.6% in the present
study. Pre-diabetes glycemic status including IFG and
IGT was found in 30.9% of PCOS women. Approximately
5% of PCOS women in our study were diagnosed with
T2DM. Patients’ age and anthropometric measures
were not independently associated with AGM.
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