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Abstract Objective Accumulating evidence suggests increased cardiovascular risk in women
with polycystic ovarian syndrome (PCOS) due to a cluster of factors, such as obesity,
lipid abnormalities, impaired glucose tolerance (IGT), and hypertension. Markers such
as high-sensitivity C-reactive protein (hs-CRP) and plasminogen activator inhibitor-1
(PAI-1) can provide an adjunctive method for the assessment of cardiovascular risk and
can indicate future coronary heart diseases in women with lean PCOS.
Materials and Methods In this prospective case-control study, women clinically
diagnosed with PCOS (n¼ 25) with normal body mass index (BMI) and age and BMI-
matched healthy controls (n¼75) were enrolled. The quantitative data were expressed
as mean� standard deviation (SD). Unpaired Student’s t-test was used to compare the
values (PCOS vs. controls) and Pearson’s correlation coefficient was used to elucidate
the relationship between the variables.
Results The mean level of fasting blood sugar, serum total cholesterol, low-density
lipoprotein (LDL), thyroid-stimulating hormone (TSH), follicle-stimulating hormone
(FSH), luteinizing hormone (LH), prolactin (PRL), hs-CRP, and PAI-1 were significantly
increased in PCOS patients (p<0.000) compared with the control patients. Of the
reported cases, 54.16% had hs-CRP levels greater than 3mg/L. When the cases were
further divided into normal (n¼20) and IGT (n¼5), hs-CRP values were significantly
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Introduction

Polycystic ovarian syndrome (PCOS) is a heterogeneous
endocrine disorder encountered in approximately 6 to 10%
of women of reproductive age.1 PCOS is a common endo-
crinopathy characterized by menstrual irregularity, hyper-
androgenism, insulin resistance, anovulatory infertility, and
multiple small ovarian cysts on ultrasonography.2,3 There are
two phenotypes of PCOS, overweight/obese and lean (normal
or less BMI).4 Further, 20 to 50% of women with PCOS have
lean PCOS phenotype and the pathophysiology of this disor-
der may differ from their obese counterparts. A significant
proportion of PCOS patients have normal body mass index
(BMI; � 25 kg/m2) making the diagnostic evaluation and
management of such patients more difficult.4 Therefore, the
cases recruited for the study belong to lean phenotype.

PCOS is also called as Stein–Leventhal syndrome, as it was
first reported in modern medical literature by Stein and
Leventhal in 1935. Stein–Leventhal syndrome is the clinical
manifestation of PCOS typically associated with anovulation
and infertility with classical triad of oligomenorrhea or
amenorrhea, hirsutism, and obesity.5

The aim of the present study is to evaluate the predictors
of cardiovascular risk in lean PCOS. Accumulating evidence
shows increased prevalence of cardiovascular disease (CVD)
inwomenwith PCOS.6–8Moreover, womenwith PCOS have a
clustering of factors, such as obesity, lipid abnormalities,
impaired glucose tolerance (IGT), and hypertension predis-
posing them to cardiovascular risk.9 Proinflammatory
markers, like high sensitivity C-reactive protein (hs-CRP),
provide an adjunctive method for global assessment of
cardiovascular risk10 and determined as surrogate indicators
of future coronary heart diseases in women with lean PCOS.
Moreover, the relation of cardiovascular risks with lean
phenotype of PCOS remains unclear in Indian population.
As per our knowledge, this is the first study assessing
cardiovascular risk in lean variety of PCOS. CRP is an acute-
phase protein synthesized by the liver in response to factors
released byadipocytes.11 It activates the complement system
and is a marker of low-grade chronic inflammation.12 It also

advances endothelial dysfunction by inducing the synthesis
of soluble adhesion molecules, secreting monocyte chemo-
attractant protein and promoting macrophage low-density
lipoprotein (LDL) uptake.13 This study analyzes CRP in the
form of hs-CRP which detects low concentrations of the
protein with a higher degree of accuracy. Plasminogen
activator inhibitor-1 (PAI-1) is an established risk factor for
CVD.14 Elevated plasma concentrations of PAI-1 seem to be
linked to an increased risk of thrombotic vascular events and
associated with an insulin resistance, abdominal obesity,
metabolic syndrome,15 and type-2 diabetes mellitus.16 The
present study was conducted to determine serum PAI-1
activity in normal-weight womenwith PCOS and to ascertain
the role of PAI-1 as a cardiovascular risk factor in PCOS.

Materials and Methods

Study Population
All women in the age group of 18 to 35 years who attended
outpatient department (OPD) in the Department of Obstet-
rics and Gynecology with the primary complaints of men-
strual irregularities (amenorrhea or oligomenorrhea) and/or
hirsutism with or without infertility were evaluated for
PCOS, and women (n¼25) diagnosed with PCOS were en-
rolled for the study. PCOS confirmation was done by high-
resolution ultrasonography in the follicular phase as per the
Rotterdam revised criteria which required the presence of at
least two out of three of the following features: (1) oligo-
and/or anovulation, (2) clinical and/or biochemical evidence
of hyperandrogenism, and/or (3) ultrasonographic findings
of polycystic ovarieswith exclusion of other knowndisorders
of hyperandrogenism.17 Selection of PCOS cases and healthy
controls was done by simple random sampling. Seventy five
(n¼75) healthywomenwere taken as BMI-matched controls
as they did not have any acne, hirsutism,male-type baldness,
family history of PCOS, or signs of hyperandrogenism and
had regular menstrual cycles. It was a prospective case-
control study performed in the Department of Biochemistry
and Obstetrics and Gynecology, at Shree Guru Gobind Singh

higher in IGT group as compared with normal glucose tolerance (NGT) group. On
bivariate correlation analysis, hs-CRP had significant correlations with PAI-1 (r¼0.41,
p<0.000), waist-to-hip ratio (WHR; r¼0.23, p¼0.02), fasting blood sugar (FBS;
r¼0.26, p¼0.009), LDL (r¼0.20, p¼ 0.03), TSH (r¼ 0.42, p<0.000), and LH-to-
FSH ratio (r¼0.24, p¼ 0.01).
Conclusion Women with lean phenotype of PCOS suffer from many metabolic
abnormalities such as abdominal obesity, dyslipidemia, hyperandrogenemia, and
insulin resistance. The findings of the study suggest that environment of ongoing
low-grade inflammation due to infiltration further exacerbates the metabolic derange-
ments and cardiovascular risk. The investigations as hs-CRP and PAI-1 will help in early
identification, diagnosis, and management of cardiovascular diseases associated with
lean type of PCOS. These markers can prove to be beneficial in monitoring any
unfavorable changes in cardiometabolic profile of such patients.
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Tricentenary (SGT) Medical College, Hospital and Research
Institute (SGT University), Gurgaon, Haryana, India. All PCOS
women were included as per the Rotterdam revised criteria.
The patients with known cases of diabetes mellitus, hyper-
tension, severe insulin resistance, CVD, congenital adrenal
hyperplasia, androgen secreting tumors, Cushing’s syn-
drome, history of smoking and/or alcohol intake,
androgenic/anabolic drug use or abuse, hyperprolactinemia,
and thyroid dysfunction were excluded from the study. The
size of the ovaries, volume, morphology, and the number and
size of the follicles were noted. Detailed history with special
reference to menstrual irregularity, hirsutism, alopecia,
infertility, voice change, weight gain, presence of acne, and
obstetric history was noted.

Anthropometric Parameters
Standard anthropometric data, including height, weight,
waist circumference (WC), hip circumference (HC), were
measured. BMI was calculated using the equation (body
weight in kilograms divided by body height in meters
squared; kg/m2). Asia pacific BMI guidelines by the World
Health Organization (WHO) were used to identify obesity in
the lean women with PCOS.18 The waist-to-hip ratio (WHR)
was measured using dressmakers tape, taking care that it
was applied horizontally. Waist circumference is middle
circumference between the iliac rest and the lateral costal
margin and hip circumference is maximum circumference
around the buttocks posteriorly and indicated anteriorly by
the symphysis pubis.

Laboratory Analysis
Biochemical parameters: after 12hours of overnight fasting,
approximately 5mL of venous blood samples were collected
in plain tubes (for estimations of lipid profile and hormonal
profile) and in tube containing sodium fluoride and oxalate
(for plasma glucose estimation). Serum was separated and
preserved at –80°C for subsequent analysis. Estimations of
fasting plasma glucose, serum total cholesterol (TC), trigly-
cerides (TG), and high-density lipoprotein (HDL) concentra-
tions were assayed by using commercial kits available for
standard photometric methods in fully automated ERBA XL
(EM-200) Biochemistry analyzer. LDL was calculated by
using Fredrickson–Friedewald formula.19

Hormonal assays: serum luteinizing hormone (LH), folli-
cle-stimulating hormone (FSH), prolactin (PRL), and thyroid-
stimulating hormone (TSH) levels were assayed by chemilu-
minescent immunoassay (CLIA), using Siemen’s Advia Cen-
taur CP kit. Quality controls were used to check the accuracy
and precision of the analyzer, reagents, and assay results.

The study was approved by the Institutional Ethical
Committee (IEC) and an informed written consent was
obtained from all the participants at the study entry after
apprising them the nature and objectives of the study.

Statistical analysis was performed using the Statistical
Package for the Social Sciences (SPSS) version 24.0, for Win-
dows (SPSS, Inc., Chicago, IL). The normality of distribution of
all the variables was checked by using Kolmogorov–Smirnov
test. The quantitative datawere expressed asmean� standard
deviation (SD). Unpaired Student’s t-test was used to compare
the values (PCOS vs. controls), and Pearson’s correlation coef-
ficient was used to elucidate the relationship between the
variables. At a confidence interval of 95%, p-values of less than
0.05 were considered statistically significant.

Results

The age of the patients ranges from 18 to 29 years with a
mean age of 23 years while the age of the controls ranges
from 19 to 30 years with a mean age of 23 years. Anthropo-
metric parameters of the population calculated were height,
weight, BMI, waist circumference, hip circumference and
WHR as shown in ►Table 1.

Biochemical and Hormonal Profile
We have evaluated both PCOS patients and controls for
fasting blood sugar, lipid profile (►Fig. 1), TSH, FSH, LH,
PRL, hs-CRP, and PAI-1. Comparisons were made between
both the groups and the results were shown in the►Table 2.

The mean level of serum total cholesterol and LDL were
significantly higher (p<0.01) in cases than controls. The
mean serum levels of TSH, FSH, LH, PRL, hs-CRP, and PAI-1
were significantly increased in PCOS patients (p<0.000)
compared with the control patients. The mean fasting blood
sugar was significantly higher (p<0.01) than the healthy
controls. Of the total cases, 54.16% had hs-CRP levels greater
than 3mg/L which predisposes them to high cardiovascular

Table 1 Demographic features and anthropometric parameters (mean� SD) of the study population

Variables PCOS cases Controls p-Value

Age (y) 22.70� 3.91 22.57� 2.21 0.83

Height (m) 1.57� 0.06 1.57�0.06 0.73

Weight (kg) 52.39� 6.65 49.64� 6.43 0.07

BMI (kg/m2) 20.96� 1.62 20.11� 2.64 0.14

Waist circumference (cm) 30.33� 2.80 30.50� 2.79 0.80

Hip circumference (cm) 35.72� 2.62 39.10� 2.69 < 0.000a

WHR 0.84� 0.05 0.77�0.05 < 0.000a

Abbreviations: BMI, body mass index; PCOS, polycystic ovarian syndrome; SD, standard deviation; WHR, waist-to-hip ratio.
ap value less than 0.001 is considered highly significant.
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risk.20 The cases were further divided into normal glucose
tolerance (NGT; 20 cases) and IGT (5 cases). The hs-CRP
values were significantly higher in IGT group as compared
with NGT group.

On bivariate correlation analysis, hs-CRP had significant
positive correlations with PAI-1 (r¼0.41, p<0.000), WHR
(r¼0.23, p¼0.02), FBS (r¼0.26, p¼0.009), LDL (r¼0.20,
p¼0.03), TSH (r¼0.42, p<0.000), and LH/FSH ratio (r¼0.24,
p¼0.01; ►Table 3).

Discussion

The WHR was significantly higher in lean PCOS women as
compared with age- and BMI-matched healthy controls. The

WHR forms an important component of metabolic syn-
drome. Insulin resistance and hyperinsulinemia seen in
PCOS lead to increased circulating androgens by increasing
their production from theca cells.21 The hyperandrogenemia
predisposes to dyslipidemia and central adiposity. In 2012,
Lim et al postulated that adipose tissue dysfunction was
associated with features of metabolic syndrome which were
more prevalent in PCOS than in controls.22 This accumulation
of visceral adipose tissue which is associated with increased
WHR may be a key factor causing metabolic syndrome and
low-grade chronic inflammation.23 On Pearson’s correlation
analysis,WHR also shows significant correlationwith hs-CRP

Fig. 1 Comparison of biochemical measurements among PCOS
subjects and controls. HDL, high-density lipoprotein; LDL, low-density
lipoprotein; PCOS, polycystic ovarian syndrome.

Table 2 Comparison of biochemical and hormonal measurements (mean� SD) among PCOS patients and controls

Variables PCOS cases Controls p-Value

FBS (mg/dL) 94.16� 7.79 89.07�7.45 0.005a

TC (mg/dL) 156.41�32.01 140.99�15.44 0.002a

TG (mg/dL) 89.50� 33.44 90.56�21.82 0.85

HDL-C (mg/dL) 48.13� 10.20 42.91�3.82 < 0.000a

LDL-C (mg/dL) 98.30� 31.14 84.50�12.61 0.002a

VLDL-C (mg/dL) 17.90� 6.68 18.11�4.36 0.85

LDL-C/HDL-C ratio 2.13� 0.86 1.98�0.33 0.21

TC/HDL-C ratio 3.35� 0.90 3.31�0.47 0.78

TSH (µIU/mL) 3.37� 4.27 1.54�0.83 0.001a

LH (mIU/L) 10.73� 8.28 3.40�0.70 < 0.000a

FSH (mIU/L) 5.71� 2.45 4.23�0.68 < 0.000a

PRL (ng/mL) 13.80� 12.86 7.40�1.17 < 0.000a

LH/FSH ratio 2.16� 1.54 0.80�0.13 < 0.000a

hs-CRP (mg/L) 5.35� 4.24 2.81�1.42 < 0.000a

PAI-1 (ng/mL) 9.32� 2.81 2.53�1.73 < 0.000a

Abbreviations: FBS, fasting blood sugar; FSH, follicle-stimulating hormone; HDL-C, high-density lipoprotein- cholesterol; hs-CRP, high-sensitivity C-reactive
protein; LDL-C, low-density lipoprotein- cholesterol; LH, luteinizing hormone; PAI-1, plasminogen activator inhibitor-1; PCOS, polycystic ovarian syndrome; PRL,
prolactin; SD, standard deviation; TC, total cholesterol; TG, triglycerides; TSH, thyroid-stimulating hormone; VLDL-C, very low-density lipoprotien-cholesterol.
Note: p-Value less than 0.05 considered significant.
ap-Value less than 0.001 is considered highly significant.

Table 3 Pearson’s correlations of hs-CRP with other variables

Variables Cases

r-Value p-Value

PAI-1 0.41 0.000b

WHR 0.23 0.02a

FBS 0.26 0.009b

LDL 0.2 0.03a

TSH 0.42 0.000b

LH/FSH ratio 0.24 0.01a

Abbreviations: FBS, fasting blood sugar; FSH, follicle-stimulating hor-
mone; hs-CRP, high-sensitivity C-reactive protein; LDL, low-density
lipoprotein; LH, luteinizing hormone; PAI-1, plasminogen activator
inhibitor-1; TSH, thyroid-stimulating hormone; WHR, waist-to-hip ratio.
ap-Value less than 0.05 considered significant.
bp-Value less than 0.001 is considered highly significant.
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(r¼0.22, p¼0.02). In 2009, a study, conducted by Oh et al,23

in 39 lean PCOS patients found hs-CRP levels to be positively
correlated with waist circumference (r¼0.46, p<0.01).
These phenotypes of PCOS women have a higher risk of
developing metabolic syndrome and greater long-term risk
of CVD.

The mean level of serum total cholesterol and LDL were
significantly higher (p<0.01) in cases than controls. Studies
suggest that women with PCOS exhibit features of the
metabolic syndrome, especially dyslipidemia which is found
in majority of cases.25–28 In 2012, Xia et al proposed that LAP
was a powerful index for detection of insulin resistance in
nondiabetic individuals.29 In 2009, Wiltgen et al suggested a
positive association of LAP with Homeostatic Model Assess-
ment of Insulin Resistance (HOMA) index in PCOS and
postulated that it can accurately assess insulin resistance
in PCOS women.30

The mean serum levels of TSH was increased in lean PCOS
patients (p<0.000) compared with the control patients.
Association of raised TSH with lean phenotype of PCOS can
be attributed to insulin resistance as BMI is in the less or
normal range. In 2009, Maratou et al suggested that in-
creased insulin resistance can be due to defective glucose
transporter (GLUT)-4 glucose transporter translocation.31

Moreover, in this condition, there is decreased deiodinase-
2 activity in pituitary due to unknown reasons.32 This can
lead to increase in TSH due to low T3 levels. In addition to
this, studies suggest that females with PCOS have higher
levels of thyroid antibody levels as compared with controls
suggestive of autoimmune thyroiditis.33 Moreover, PCOS in
hyperestrogenic state is known to trigger autoimmunity due
to proliferation of B-lymphocytes, T-cells, and macrophages
as they have estrogen receptors.34

Themean level of hs-CRP was higher in lean PCOSwomen
as compared with age- and BMI-matched healthy women.
This significant difference can be attributed to association of
chronic low-grade inflammation with PCOS.29 This proin-
flammatory state causes adipose tissue dysfunction and
altered adipocytokine profile which is implicated in causing
insulin resistance. Moreover, lean women with PCOS have
increased oxidative stress due to glucose ingestion which is
known to activate nuclear factor (NF)-kB which is family of
transcription factors modulating genes, such as tumor
necrosis factor (TNF)-a, interleukins, and transforming
growth factor β.35 This triggers proatherogenic inflamma-
tion causing insulin resistance and hyperandrogenism inde-
pendent of obesity in lean phenotype of PCOS.36

Our observation of increased hs-CRP in lean PCOSwomen
as compared with age- and BMI-matched controls is in
accordance to the previous studies. In 2009, Oh et al recruited
39 lean PCOS patients and 24 controls and hypothesized
higher levels of hs-CRP in women with PCOS; however, the
difference became insignificant after adjusting BMI.30 In
2011, Makedos et al also conducted a study on 188 normal
weight PCOS (BMI<25kg/m2) and postulated that hs-CRP
was significantly higher in cases as compared with con-
trols.37 Likewise, in 2014, Keskin Kur et al also concluded
that hs-CRP was significantly higher in lean PCOSwomen as

compared with controls.38 In addition to this, hs-CRP was
significantly higher in IGT as compared with NGT women
with PCOS underlying the importance of glucosemetabolism
in propagating chronic low-grade inflammation. Similar
findingswere shownbyKimet al in 2012who also concluded
that lean PCOS patients were predisposed to IGT.39

The hs-CRP showed a significant positive correlation with
WHR, FBS, and LDL. This shows low-grade subclinical inflam-
mation that can be linked to visceral obesity and insulin
resistance as shown in previous studies. Insulin resistance
leads to hyperandrogenemia which predisposes the female
to abdominal obesity. The adipocytokines thus, released
from adipose tissue, can initiate and maintain chronic in-
flammation predisposing to increased cardiometabolic risk
in the lean phenotype of PCOS.40

The level of PAI-1was increased inwomenwith lean PCOS
as compared with BMI-matched controls. Previous studies
have suggested that plasmin plays an important role in
follicular development and rupture. In 1996, Sampson et al
also suggested that high PAI-1 levels can delay maturation
and hence can develop ovarian maturation.41 Insulin is
known to increase hepatic PAI-1 production. Therefore,
PCOS, a state of hyperinsulinemia may have the involvement
of PAI-1 as a primary event in anovulation. Similar findings
were reported by Elci et al in 2016 who stated that cardio-
vascular risk marker PAI-1 was significantly elevated in
nonobese women (BMI<30kg/m2) with PCOS.42 In 2004,
Orio et al also suggested significantly higher levels of PAI-1 in
normal-weight PCOS women as compared with controls.43

Strengths and Limitations

Our study focused on lean phenotype of PCOS on which
limited studies have been done in India. Additionally, we
further segregated our cases on the basis of normal and IGT
to study the effect of glucose tolerance on the hs-CRP.

However, there were few limitations in our study. Sample
size in our study was limited to 25 nonobese women with
PCOS as BMI 23 kg/m2 or lower was our inclusion criteria for
cases. In addition to this, we could not calculate insulin
resistance to correlate with hs-CRP and PAI-1 in our study.
Thus, studieswith larger sample sizewould further elucidate
and validate the relation of cardiovascular risk with lean
phenotype of PCOS.

Conclusion

Women with lean phenotype of PCOS suffer from many
metabolic abnormalities like abdominal obesity, dyslipidemia,
hyperandrogenemia, and insulin resistance. Thefindingsof the
study suggest that environment of ongoing low-grade inflam-
mationdue to infiltrationofmacrophages inperipheral tissues
further exacerbates the metabolic derangements and cardio-
vascular risk. The investigations as hs-CRP and PAI-1 will help
in early identification, diagnosis, and management of CVDs
associatedwith lean type of PCOS. Thesemarkers can prove to
be beneficial in monitoring any unfavorable changes in car-
diometabolic profile of such patients
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