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Abstract:

Polycystic ovary syndrome (PCOS) is a common endocrine disorder affecting reproductive-aged women. It is
associated with metabolic abnormalities such as obesity, insulin resistance, and thyroid dysfunction. This study
aims to evaluate the correlation between body mass index (BMI), thyroid-stimulating hormone (TSH) levels, and
glycated hemoglobin (HbA1c) among women females diagnosed with PCOS aged between 18 - 50 yrs. Menstrual
irregularities and infertility are more prevalent in obese PCOS women. Obesity is also closely associated with
PCOS, which affects 6-12% of women of reproductive age. A cross-sectional study was conducted involving 100
women aged 18 - 50 yrs diagnosed with PCOS based on Rotterdam criteria. Data on BMI, TSH levels, and HbAlc
were collected and analyzed to assess correlations using SPSS paired t- test, 2-tailed spearman correlation. In
present study, it was found that TSH has positive correlation with BMI( r=0.3, p=0.002). HbA1C has positive
correlation with BMI ( r=0.266, p=0.007). TSH has a positive correlation with HbA1C (r=0.29, p=0.003). In
conclusion this study shows the significant correlation between BMI, TSH levels and HbA lc among diagnosed
PCOS females. These correlations emphasize the need for integrated management strategies targeting obesity,
thyroid dysfunction, and insulin resistance to improve metabolic outcomes in this population.
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Introduction

Polycystic ovary syndrome (PCOS) is a defined the disease and, as such, have been valuable

heterogeneous, multisystem endocrinopathy in
women of reproductive age manifested with various
metabolic disturbances and a wide spectrum of
clinical features such as obesity, menstrual

both clinically and scientifically.[3] It is
recommended to use the modified Rotterdam
criteria, (see Table 1) in which PCOS may be
diagnosed if any two of the following are present:

abnormalities and hyperandrogenism.[1] Menstrual
irregularities and infertility are more prevalent in
obese PCOS women. Obesity is also closely
associated with PCOS, which affects 6-12% of
women of reproductive age.[2] PCOS does not have
a single diagnostic marker to provide a gold standard
for reference. The consensus-based diagnostic
criteria for PCOS in the Rotterdam criteria have

1. clinical or biochemical hyperandrogenism,
evidence of oligo-anovulation,

3. polycystic appearing-ovarian morphology on
ultrasound, with exclusion of other relevant dis-
orders. [4]

Features of the diagnosis of PCOS.

Table 1:
Feature Recommended Diagnosis Considerations
Biochemical Elevated total or free testosterone, or | High-quality assays should be used for the evalua-

Hyperandro- calculated indices of free testosterone | tion of analytes
genism (FAI BioT). DHEAS and ANSD can
be consdered

Clinical Hyper- | A modified Ferriman—Gallwey score | Threshold level should be considered in the context
androgenism of >4 to >8 of patient ethnicity

Oligo-anovula- | Oligo-amenorrhea (cycles >35 days | If highly suspicious for PCOS, but does not have
tion apart or <8 menses a year) oligo-amenorrhea, consider serum progesterone or
luteinizing hormone assessment
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Polycystic
ovarian  mor- | >10 c¢cm? ovarian volume
phology

>20 follicles per ovary in either ovary

Based on transvaginal ultrasonography with a
transducer frequency > 8 MHz

Criteria based on the modified 2003 Rotterdam
criteria. FAl—free androgen index, BioT—
bioavailable testosterone, DHEAS—
dehydroepiandrosterone sulfate, ANSD—
androstenedione. [4] The prevalence of obesity in
PCOS ranges from 38% to 87%. It was reported that
in obese PCOS women, the prevalence of IR (Insulin
resistance)was higher than obese women without
PCOS in the control group."Women with PCOS are
at increased risk of developing type II diabetes.
Inreased insulin leads to increased androgen
production from the ovarian thecal cells and this
hyperandrogenemia is responsible for androgenic
obesity. [5] Hyperinsulinemia was noted in 50% to
70% of PCOS patients and plays a central role in the
development of further complications.[1] Recently,
different studies from various parts of the world
regarding hypothyroidism in PCOS patients have
tried to explore the PCOS—thyroid interface. Most of
the results have shown a higher incidence of
elevated serum thyroid-stimulating hormone (TSH)
levels in PCOS subjects. The raised TSH levels are
associated with the rapid production of fat cells
either by inflammatory mediators or via another
hormone called leptin, thereby leading to obesity.
[6] HbAlc in circulation is an indicator of blood
glucose control. HbAlc widely used as a long term
glycemic index to monitor blood glucose over the
past 8 weeks or more.[5] For an HbAlc test to
classify as normal, or in the non-diabetic range, the
value must be below 5.7%. Anyone with an HbAlc
value of 5.7% to 6.4% is considered to be
prediabetic, while diabetes can be diagnosed with a
HbAlc of 6.5% or higher.[7] The main aim of this
study is to find the correlation between the BMI,
TSH levels and HbA 1¢ among the diagnosed PCOS
females. This study is performed on population of
100 diagnosed PCOS females aged between 18 - 50.

Material and Methods

1. Study Design: A Cross-sectional study

2. Study Setting:

3. Study Population: The present study is con-
ducted on diagnosed PCOS females aged in be-
tween 18-50.

4. Sample Size: The sample size of the present

study is 100

Sampling Technique:

6. Data Collection Procedure: Data collection
will be done using standardized Data collection
forms that include following variables Demo-
graphic information (age, ethnicity, etc.)

e  Medical history and PCOS characteristics (age
at diagnosis, menstrual irregularities, androgen
levels).

0
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e  BMI measurements (height and weight) are ob-
tained using caliberated instruments.

e HbAlc levels are obtained from blood samples
collected in fasting state.

Inclusion Criteria:

Females diagnosed with PCOS based on Rotterdam
criteria.

According to the Rotterdam criteria, a female is
diagnosed as PCOS if any 2 of the following are
present.

(1) clinical or biochemical hyperandrogenism,

(2) evidence of oligo-anovulation,

(3) polycystic appearing-ovarian morphology on
ultrasound, with exclusion of other relevant dis-
orders.

Exclusion Criteria: Female PCOS patients with
anemia since it affects HbAlc formation PCOS on
medication.

Study Tool: BMI measurement is done using the
formula- weight(kg)/height*2(m”2). Height and
weight are measured using calibrated instruments.

HbAlc levels are obtained from blood samples
using “high performance liquid chromatography
(HPLC)” method collected in fasting state.

TSH levels are collected from blood samples using
“Immunochemiluminescence technique (LIA)”
during 1% to 3" day of menstrual cycle in fasting
state.

Data Analysis: Statistical analysis is done using
Microsoft excel spss paired test.

Ethical Issues: An approval from the Institutional
Ethics  Committee = (REG>NO: IEC/RMC/
2023/042/UG) was taken before initiating the study.
Informed consent (annexure) was taken from all
participants, and fully confidentiality —was
maintained.

Results

The study population of the present study is 100
aged between 18-45.

Age Wise Distribution: Out of the study population
of 100, the maximum age is 50 and minimum age is
18 years. The age is divided into 7 groups as 18-20
years, 20-25 years, 25- 30 years, 30 — 35 years, 35-
40 years, 40-45 years, 45-50 years. It is observed
that the maximum Percentage of the study
population that is 29% belongs to the age group 20-
25 years, 20% of the study population belongs to the
age group 25-30 years, 19% of the study population
belongs to the age group 30 -35 years, 13% of the
study population belongs to the age group 18-20
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years, 7% of the study population belongs to the age
group 40-45 years, 15% of the study population
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belongs to the age group of 45-50 years of age. The
details are shown in the following table and figure.

Table 2:
Age Group Study Population (N=100) Percentage
18-20 13 13%
20-25 29 29%
25-30 20 20%
30-35 19 19%
35-40 11 11%
40-45 7 7%
45-50 1 1%
Age wise distribution
35
25
15
10
0 I
18-20 20-2 25-30 30-35 35-40 40-45 45-50

m study population

Graph 1: Age wise distribution

Distribution according to BMI: The BMI of the
study population is measured according to the
standard formula. In this study, the maximum
Percentage of the study population thar is 49% fall
into normal range where the BMI is ranges between
18.5-25. 43% of the study population are overweight

where the BMI ranges in between 25- 30. 7% of the
study population are obese with BMI greater than
30.1% of the study population are Underweight with
BMI less than 18.5. The details are given in the
following table and graph.

Table 3:
Weight status BMI Population size Percentage
Underweight <18.5 1 1%
Normal range 18.5-25 49 49%
Overweight 25-30 43 43%
Obese >30 7 7%
Priya et al. International Journal of Pharmaceutical and Clinical Research
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Graph 2: Distribution according to BMI

TSH Levels: The study population is divided in
groups based on the TSH levels in the blood. The
population is divided into 3 groups, whose TSH
level is below 0.5mlIU/L, TSH levels in between 0.5

— 5.0 mlU/L, TSH levels above 0.5 mIU/L. 84% of
the study population have normal TSH levels, 16%
of the study population has elevated TSH levels i.e.,
more than 0.5mlU/L. The details are given in the
following table and graph.

Table 4: TSH Levels

TSH Levels Population size Percentage
<0.5 0 0%

0.5-5.0 84 84%

>5.0 16 16%

<0.5

TSH levels

0.5-5.0

mpopulation sze

Graph 3: TSH Levels

>5.0

Distribution according to HbA1C Levels: In this
present study of study population 100, the maximum
population, 50% of the study population were in
normal range with HbA1C Levels ranging less than

diabetic with HbA1C ranging in between 5.7-6.4%.
20% of the study population are diabetic with
HbAI1C Levels greater than 6.4%. The details are
given in the following table and graph.

5.7%. 30% of the study population were pre-

Table 5:
Range HbAI1C Levels Population size Percentage
Normal <5.7 50 50%
Pre-diabetic 5.7-6.4 30 30%
Diabetic >6.4 20 20%

Priya et al.
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<5.7% 5.7-6.4 >6.4%
normal pre-diabetic diabetic

m population sze

Graph 4: Population size

Distribution according to the Haemoglobin Percentage: The Haemoglobin values of the study population were
recorded. Put of 100 study population, maximum people which is 97% of the study population have low levels of
Haemoglobin i. e., less than 12g/dl. Only 3% of the study population has normal Levels of haemoglobin ranging
between 12-16 g/dl.

Table 6:
Hb Levels Hb percentage Population size Percentage
Low <12 97 97%
Normal 12-16 3 3%
Elevated >16 0 0

Haemoglobin percentage
120

100

80

60

40

20
0 —

<12 12.0-16.0 >16

low normal elevated

m population sze
Graph 5: Haemoglobin Percentage

Statistical Analysis: The sample statistics to find
the correlation between BMI and TSH, TSH and
HbA1C, BMI and HbAIC are done using 2-tailed
spearman correlation coefficient. Data is considered 1)
to be significant if the p<0.05.

Two tailed spearman’s correlation between
parameters:

BMI vs TSH: In present study, it was found
that TSH has positive correlation with BMI
(r=0.3, p=0.002). The following graph shows
the correlation between BMI and TSH.
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Graph 6: BMI
Table 7:
Column-1 Column-2 Column-3 Column-4 Column-5
Correlations
BMI (Weight / Height"2) TSH Levels
Spearman's BMI (Weight /| Correlation Co-efficient | 1 0.300 **
rho Height"2)
Sig.(2 - tailed) 0.002
N 100 100
TSH Levels Correlation Co-efficient | 0.300 ** 1
Sig.(2 - tailed) 0.002
N 100 100
** Correlation is significant at the 0.01 level (2- tailed)

2) BMI vs HbAlc: In the present study, it was found that HbA1C has positive correlation with BMI ( r=0.266,

p=0.007).
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Table 8:
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Column-1 Column-2 Column-3 Column-4 Column-5
Correlations
BMI (Weight / Height"2) | HbAIC
Spearman's tho | BMI (Weight / Height*2) | Correlation Co-efficient | 1 266 **
Sig.(2 - tailed) . 0.007
N 100 100
HbA1C Correlation Co-efficient | .266 ** 1
Sig.(2 - tailed) 0.007 .
N 100 100

** Correlation is significant at the 0.01 level (2- tailed)

3. HbAlc vs TSH : In the present study, it was found that TSH has a positive correlation with HbA1C (r=0.29,
p=0.003).

J s . .
<
g . : L : . y-S.!:O 19°x .
[3 " c : ...
e e e
. l". :: . e .
00 $.00 1000 1500 2000
TSH Lewvels
Graph 8: TSH Levels
Table 9:
Column-1 Column-2 Column-3 Column-4 Column-5
Correlations
HbA1C TSH Levels
Spearman's tho HbAIC Correlation Co-efficient 1 0.290 **
Sig.(2 - tailed) 0.003
N 100 100
TSH Levels Correlation Co-efficient 0.290 ** 1
Sig.(2 - tailed) 0.003
N 100 100
** Correlation is significant at the 0.01 level (2- tailed)

Discussion

Polycystic ovary syndrome (PCOS) is a highly prevalent disorder, representing the single most common
endocrine-metabolic disorder in reproductive-aged women[10]. Although the pathogenesis of PCOS is not fully
understood, it is believed that different factors from epigenetic alterations to obesity, inflammation, and inactivity
may aggravate this syndrome.[11]
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Figure 1:

Summarized scheme regarding the pathophysiology
of PCOS. Abbreviations and symbols: 1 (increased),
| (decreased), DNA (deoxyribonucleic acid), GnRH
(Gonadotropin-releasing hormone), IL-6
(interleukin  6), IR (insulin resistance), LH
(luteinizing hormone), PCOS (polycystic ovary
syndrome), SHBG (sex hormone-binding globulin),
TNF-a (tumor necrosis alpha).[11] Body mass index
(BMI) is the method of utilizing an adult's height and
weight to broadly place them into underweight,
normal weight, overweight and obese categories. An
individual's BMI is important in the determination
of potential future health issues and has been widely
used as a factor in the determination of various
public health policies. The current cut-off points of
each category as determined by the World Health
Organization (WHO).

Severely Underweight: < 16 kg/m”"2
Underweight: 16.0 - 18.4 kg/m”2
Normal weight: 18.5 - 24.9 kg/m"2
Overweight: 25.0 - 29.9 kg/m”"2

Priya et al.

Moderately Obese: 30.0 - 34.9 kg/m"2
Severely Obese: 35.0 - 39.9 kg/m"2

Morbidly Obese: greater than or equal to 40.0
kg/m”2 [12]

Polycystic ovary syndrome is a genetic condition,
exacerbated by obesity. There is a close link
between obesity and PCOS based on
epidemiological data, and more recently
corroborated through genetic studies. weight-gain
and obesity contribute towards the development of
PCOS. However, there are also mechanisms
whereby the development of PCOS can contribute
towards further weight-gain and hamper efforts to
establish effective weight-loss. In this brief review,
we explore the mechanisms whereby weight-gain
and obesity contribute towards development of
PCOS, and vice versa (summarized in Figure-2). We
also explore novel strategies for sustained weight-
loss in the management of women with PCOS, and
in its prevention.[13]
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Figure 2:

Summary of mechanisms linking obesity with
PCOS. PCOS indicates polycystic ovary
syndrome.[13] Thyroid-stimulating hormone, also
known as TSH, is a glycoprotein hormone produced
by the anterior pituitary. It is the primary stimulus
for thyroid hormone production by the thyroid
gland.[14] Serum TSH level was significantly
higher in PCOS patients than in the control group
after adjusting for age and body mass index
(BMI).[15] PCOS and thyroid disorders are closely
related, and their coexistence may identify patients
with a higher reproductive and metabolic risk.[16]
Hypothyroid disturbances and elevated TSH levels
are common findings in PCOS, which are associated
with an adverse metabolic profile. Therefore,
women with diagnosed PCOS should be screened
for thyroid dysfunction. [17]

The hemoglobin Alc (glycated hemoglobin,
glycosylated hemoglobin, HbAlc, or Alc) test is
used to evaluate a person's level of glucose control.
The test shows an average of the blood sugar level
over the past 90 days and represents a percentage.
The test can also be used to diagnose diabetes. The
amount of glucose that is present in the blood will
attach to the hemoglobin protein, and increased
glucose levels will reflect on the surface of the
hemoglobin protein, thereby rendering a higher Alc
level. Hemoglobin Alc (AIC) >5.7% is now

Priya et al.

accepted as a biomarker for identifying individuals
at risk for diabetes. Compared to the general
population, women with polycystic ovary syndrome
(PCOS) have a higher risk for diabetes. [18]

HbAIC detection can be used as a method for
diagnosis and screening.[19] The present study
conducted on 100 PCOS diagnosed females
provides the correlation between BMI, TSH levels
and HbAlc. PCOS is known to be associated with
weight gain and insulin resistance. In this study
maximum percentage of people about 49% have
normal BMI. 43% of the study population are
overweight.  Generally, PCOS females are
associated with thyroid dysfunction, 16% of the
study population has elevated TSH levels. The
correlation between BMI and TSH levels shows the
impact of BMI on thyroid functioning, in this
present study it was found out that BMI has positive
correlation with TSH levels (r=0.3,p=0.002). Patidar
B et al. study shows TSH levels have a statistically
significant positive correlation with BMI. They
concluded that the proportions of thyroid disorders
are higher in females with PCOS and they both may
present with various similar clinical features. BMI
in females with PCOS has significant positive
correlation with TSH levels. [8] The correlation
between TSH levels and HbAlc provide the effect
of thyroid function on metabolism that alters the
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HbAlc levels, the present study found that there is a
positive correlation between TSH levels and HbAlc
levels.

A study conducted by Hiba S. Mahdi also showed a
significant positive correlation between HbAlc and
TSH. HbAlc level is significantly affected by
thyroid dysfunction in PCOS patients as it is higher
in the Hypothyroid group and lower in the
Hyperthyroid group. [9] The present study also
showed a positive correlation between BMI and
HbAlc which indicate that PCOS patients with
higher BMI might have higher chance to become
insulin resistant.

Conclusion

The present study of correlation of BMI, TSH levels
and HbA 1c among diagnosed PCOS females aimed
to find the relation between these factors and their
implications to improve the management and
treatment strategies for affected individuals. The
findings of the present study suggest that there is a
positive correlation between these factors i.e, BMI,
TSH levels and HbAlc . The main conclusions
drawn from this study are,

e  Thereis a positive correlation between BMI and
TSH levels (r=0.3,p=0.002)

e  There is a positive correlation between BMI and
HbAlc (r=0.266,p=0.007)

e There is a positive correlation between TSH
levels and HbAlc (r=0.29,p=0.003)

In conclusion this study shows the significant
correlation between BMI, TSH levels and HbAlc
among diagnosed PCOS females.

References

1. Bala M, Meenakshi, K M, Gupta A. Correlation
of HbAIC Levels with Body Mass Index in
Newly Diagnosed Polycystic Ovary Syndrome.
EJIFCC. 2017 Oct 10;28(3):196-204. PMID:
29075170; PMCID: PMC5655636.

2. Neubronner, S.A., Indran, I.LR., Chan, Y.H. et
al. Effect of body mass index (BMI) on pheno-
typic features of polycystic ovary syndrome
(PCOS) in Singapore women: a prospective
cross-sectional study. BMC Women's
Health 21, 135 (2021). https://doi.org/10.118
6/312905-021-01277-6.

3. Rui Wang, Ben Willem J. Mol, The Rotterdam
criteria for polycystic ovary syndrome: evi-
dence-based criteria?, Human Reproduction,
Volume 32, Issue 2, 1 February 2017, Pages
261-264, https://doi.org/10.1093/humrep/dew
287

4. Christ JP, Cedars MI. Current Guidelines for
Diagnosing PCOS. Diagnostics (Basel). 2023
Mar 15;13(6):1113. doi: 10.3390/diagnostics 1
3061113. PMID: 36980421; PMCID: PMC100
47373.

Priya et al.

10.

11.

12.

13.

14.

15.

16.

e-ISSN: 0975-1556, p-ISSN: 2820-2643

Kondaveeti SB. Evaluation of glycated albumin
and HbA Ic levels with body mass index inpol-
ycystic ovarian syndrome cases. J. Evid. Based
Med. Healthc. 2019; 6(8), 607-611. DOI:
10.18410/jebmh/2019/125.

Nayak PK, Mitra S, Sahoo J, Mahapatra E,
Agrawal S, Lone Z. Relationship of subclinical
hypothyroidism and obesity in polycystic ovar-
ian syndrome patients. J Family Med Prim
Care. 2020 Jan 28;9(1):147-150. doi: 10.4103
/jfmpe.jtmpc 654 19. PMID: 32110581; PMC
ID: PMC7014912.

Eyth E, Naik R. Hemoglobin A1C. [Updated
2023 Mar 13]. In: StatPearls [Internet]. Treas-
ure Island (FL): StatPearls Publishing; 2023
Jan-. Available from: https://www.ncbi.nlm.
nih.gov/books/NBK 549816/

Patidar B et al. Int J ReprodContraceptObstet
Gynecol. 2021 Mar;10(3):929-934

Sudek HL, Salman PA, DDF M. Effect of thy-
roid dysfunction on hemoglobin Alc in poly-
cystic ovary patients during ovulation induction
trials. J Fac Med Baghdad. 2014;56(2): 2013.
Azziz R. Polycystic Ovary Syndrome. Obstet
Gynecol. 2018 Aug;132(2):321-336. doi: 10.10
97/A0G.0000000000002698. PMID: 2999571
7

Sadeghi HM, Adeli I, Calina D, Docea AO,
Mousavi T, Daniali M, Nikfar S, Tsatsakis A,
Abdollahi M. Polycystic Ovary Syndrome: A
Comprehensive Review of Pathogenesis, Man-
agement, and Drug Repurposing. Int J Mol Sci.
2022 Jan 6;23(2):583. doi: 10.3390/ijms 2302
0583. PMID: 35054768; PMCID: PMC87758
14.

Zierle-Ghosh A, Jan A. Physiology, Body Mass
Index. 2022 Sep 11. In: StatPearls [Internet].
Treasure Island (FL): StatPearls Publishing;
2023 Jan—. PMID: 30571077.

Barber TM, Hanson P, Weickert MO, Franks S.
Obesity and Polycystic Ovary Syndrome: Im-
plications for Pathogenesis and Novel Manage-
ment Strategies. Clin Med Insights Reprod
Health. 2019 Sep 9; 13:1179558119874042.
doi: 10.1177/1179558119874042. PMID: 3152
3137; PMCID: PMC6734597

Pirahanchi Y, Toro F, Jialal I. Physiology, Thy-
roid Stimulating Hormone. [Updated -2023 Jan-
. Available  from:  https://www.  ncbi.
nlm.nih.gov/books/NBK499850/

Lee HJ, Jo HN, Noh HK, Kim SH, Joo JK. Is
there association between thyroid stimulating
hormone levels and the four phenotypes in pol-
ycystic ovary syndrome? Ginekol Pol. 2022
Mar 22. doi: 10.5603/GP.a2021.0239. Epub
ahead of print. PMID: 35315007.

Palomba S, Colombo C, Busnelli A, Caserta D,
Vitale G. Polycystic ovary syndrome and thy-
roid disorder: a comprehensive narrative review
of the literature. Front Endocrinol (Lausanne).

International Journal of Pharmaceutical and Clinical Research

212



International Journal of Pharmaceutical and Clinical Research

17.

Priya et al.

2023 Aug 11; 14:1251866. doi:
/fendo.2023.1251866.  PMID:
PMCID: PMC10453810.
Trummer C, Schwetz V, Giuliani A, Ober-
mayer-Pietsch B, Lerchbaum E. Impact of ele-
vated thyroid-stimulating hormone levels in
polycystic ovary syndrome. GynecolEndo-
crinol. 2015  Oct;31(10):819-23.  doi:
10.3109/09513590.20 15.1062864. Epub 2015
Jul 20. PMID: 26190 535.

10.3389
37635968;

18.

19.

e-ISSN: 0975-1556, p-ISSN: 2820-2643

Mortada R, Comerford K, Kallail KJ, Karakas
SE. Utility of hemoglobin-A1C in nondiabetic
women with polycystic ovary syndrome. En-
docrPract. 2013 Mar-Apr;19(2):284-9. doi:
10.4158/EP12123.0R. PMID: 23529348.

Zhen Y, Yang P, Dong R, Wu Y, Sang Y, Du
X, Wang Y, Song Q, Yu L, Rao X. Effect of
HbAI1C detection on the diagnostic screening
for glucose metabolic disorders in polycystic
ovary syndrome. ClinExpObstet Gynecol. 20
14;41(1):58-61. PMID: 24707685.

International Journal of Pharmaceutical and Clinical Research

213



