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Abstract
Background: Polycystic ovary syndrome (PCOS) is a common endocrine problem and increasing worldwide.
Dysregulated adipocytokine production is thought to be linked with pathogenesis of PCOS.
Objective: The aim of this study was to see the relation of leptin, adiponectin and their ratio with PCOS and its
cardiovascular risks.
Methods: This case-control study included 20 PCOS patients diagnosed by revised Rotterdam criteria, 2003
and equal number of age matched control. Relevant clinical information was collected in datasheet. Blood was
taken to measure glucose at fasting and after oral glucose tolerance test (OGTT), total testosterone (TT), sex
hormone binding globulin (SHBG), luteinizing hormone (LH), follicle stimulating hormone (FSH), insulin, fasting lipid
profile, leptin and adiponectin from each participant. Glucose was measured by glucose oxidase, all hormones
by chemiluminescent immunoassay, lipids by glycerol phosphate dehydrogenase-peroxidase and leptin as well
as adiponectin by enzyme linked immunosorbent assay.
Results: Leptin (ng/ml) [30.0 (24.15, 68.13) vs. 18.80 (9.17, 22.13), p<0.001] and leptin/adiponectin ratio (LAR)
[6.0 (4.47, 8.42) vs. 2.14 (1.35, 3.42), p<0.001] were significantly higher in PCOS where as adiponectin (ng/ml)
was statistically similar between the groups [6.14 (4.36, 9.66) vs. 6.74 (4.54, 8.62), p=0.820]. PCOS group had
significantly higher cardiovascular risks than healthy control when they were categorised according to adiponectin/
leptin ratio (p=0.040). Leptin had significant correlation with waist circumference [r= -0.463, p=0.040], waist/hip
ratio (WHR) [r= -0.50, p=0025] and waist/height ratio (WHtR) [r= -0.510, p=0.022] where as LAR with WHR [r=
-0.617, p=0.004] and WHtR [r= -0.535, p=0.015]. Leptin [AUC=0.916, p<0.001] and LAR [AUC=0.868, p<0.001]
were excellent and fair markers of PCOS respectively.
Conclusion: Leptin and LAR may be promising markers of PCOS and cardiovascular risks.
Keywords: Leptin, Adiponectin, Leptin/adiponectin ratio, Polycystic ovary syndrome

Introduction
Polycystic ovary syndrome (PCOS) is a common,
complex and heterogeneous reproductive
endocrinopathy of females throughout the whole world.
Along with its classical reproductive and cutaneous
manifestations, the metabolic problems are being
increasingly recognized especially during later life.1
The metabolic abnormalities in PCOS are thought to
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be related with adipose tissue dysfunction. Several
adipocytokines secreted from hypertrophied
adipocytes are found to be associated with insulin
resistance, metabolic syndrome, and cardiovascular
complications in PCOS.2 Adiponectin and leptin are
two most familiar adipocytokines with opposite relation
with obesity and insulin resistance. While adiponectin
is usually reduced, leptin is elevated in patients with
PCOS. Adiponectin may have anti-inflammatory and
insulin sensitizing effects along with promotion of fatty
acid oxidation. On the other hand, leptin usually
regulates insulin signaling, appetite, reproductive as
well as immune function. In comparison to adiponectin,
its serum level usually depends on body mass index
(BMI).3 Due to their complementary effects, their ratio
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is thought to be linked with central obesity, insulin
resistance, inflammation, atherosclerosis, and
cardiovascular risks.4-6 Data regarding the relation of
leptin and adiponectin with PCOS and its
manifestations are inconclusive. Besides their role as
marker of PCOS are not adequately evaluated. The
aim of this study was to see the relation of leptin,
adiponectin, and their ratio with PCOS and its
cardiovascular risks.
Materials and Methods
This case-control study was done in the department
of endocrinology, Bangabandhu Sheikh Mujib Medical
University (BSMMU), Dhaka among 20 newly detected
PCOS patients of reproductive age (18-38 years) and
similar number of matched control. The study protocol
was approved by the institutional review board of
BSMMU. Informed written consent was taken from
each participant.
PCOS was diagnosed according to revised Rotterdam
criteria [two out of three: oligo/anovulation, clinical/
biochemical hyperandrogenemia, polycystic ovarian
morphology (PCOM) by ultrasonography (USG) with
exclusion of similar diseases].7 Oligomenorrhea was
defined as menstrual cycle length >35 days. Clinical
hyperandrogenism was defined by modified FerrimanGallwey score ³8 and hyperandrogenemia by free
androgen index [FAI= {total testosterone (TT) ÷ sex
hormone binding globulin (SHBG)}×100%] >5%.
PCOM was diagnosed by ovarian volume >10 ml
evaluated by USG during follicular phase of menstrual
cycle. Participants with regular menstrual cycle
without clinical/ biochemical hyperandrogenism were
enrolled as control.
Relevant history (reproductive and family history) were
taken, physical examinations [height, weight, waist
circumference (WC), hip circumference, blood
pressure, hirsutism, acne and acanthosis nigricans]
were done and fasting blood was drawn from each
participant to measure blood glucose (FBG), insulin,
TT, SHBG, luteinizing hormone (LH) follicle stimulating
hormone (FSH), lipid profile, adiponectin, and leptin.
Oral glucose tolerance test (OGTT) was done.
Glucose was measured by glucose oxidase method,
all hormones including SHBG by chemiluminescent
immunoassay and lipid by glycerol phosphate
dehydrogenase-peroxidase method. Adiponectin
measurement was done by two-site sandwich enzymelinked immunosorbent assay (ELISA) using DRG®
Human Adiponectin ELISA (EIA-5838) kit with intraassay coefficient of variation (CV) of 2.8 – 3.9%. Leptin
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was measured by DRG leptin (sandwich) ELISA kitEIA (2395), Inc. USA with intra-assay coefficient of
variation of 4.2 – 7.3%. Insulin resistance was measured
by homeostasis model assessment of insulin
resistance (HOMA-IR). Cardiovascular risk was
categorised by adiponectin/leptin ratio (ALR) into normal
(ed1), moderate (0.5 to <1) and severe risk (<0.5).4
Statistical analysis was done by SPSS software
version 23.0. Data were expressed in mean± (SD),
median (interquartile range, IQR) or frequency
(percentages, %) depending on their category and
distribution. Comparison between groups was done
by independent samples t test, Mann Whitney U test,
and Pearson’s chi-square/Fisher’s exact test as
appropriate. Correlation with leptin, adiponectin and
their ratio were done by Spearman’s correlation test.
Receiver operating characteristics curve (ROC)
analysis was done to see the discriminating index of
each of them for PCOS. p values at <0.05 were set
as statistically significant.
Results
Data on characteristics of the study population were
recorded (table I). Personal history of subfertility and
family history of PCOS were significantly higher in
PCOS group [PCOS vs. control- subfertility and FH of
PCOS: 30.0% vs. 0.0%, p=0.020 for both]. All other
history were statistically similar between the groups
[p=NS for all]. Except systolic blood pressure, PCOS
participants had significantly higher value or frequency
of all other physical findings [PCOS vs. control- BMI
(kg/m2): 29.47±1.35 vs. 23.71±0.71, p=0.001; WC
(cm): 95.15±2.95 vs. 80.58±2.06, p<0.001; waist/hip
ratio (WHR): 0.90±0.01 vs. 0.86±0.01, p=0.002; waist/
height ratio (WHtR): 0.62±0.02 vs. 0.52±0.01, p<0.001;
diastolic BP (mm=Hg): 29.47±1.35 vs. 23.71±0.71,
p=0.001; acne: 60.0% vs. 10.0%, p=0.002; acanthosis
nigricans: 70.0% vs. 0.0%, p<0.001].
The study groups were statistically similar in glycaemic
values and triglyceride [p=NS for all]. The PCOS group
had significantly different values of other lipid
components [PCOS vs. control- TC: 197.0 (177.75,
219.75) vs. 179.0 (159.0, 207.25), p=0.03; LDLcholesterol: 131.46±8.65 vs. 107.25±7.20, p=0.038;
HDL-cholesterol: 48.50 (40.0, 57.75) vs. 42.0 (38.0,
46.0), p=0.010, mg/dl]. TT (ng/dl) was significantly
higher [50.35 (30.05, 98.15) vs. 19.40 (15.10, 22.07),
p<0.001] but SHBG (ng/dl) was significantly lower
[9.10 (8.03, 13.10) vs. 19.40 (15.10, 22.07), p<0.001]
in PCOS group than the control group. HOMA-IR was
also significantly higher in PCOS participants [2.38
(2.07, 5.57) vs. 2.0 (1.36, 2.71), p=0.008] (table II).
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Table I: Characteristics of the study population
Variable categories

Variables

PCOS(n= 20)

Control(n= 20)

p

Personal history

Age, years
Subfertility
MR/ abortion
PCOS
Subfertility
Obesity
Hypertension
Diabetes mellitus
BMI, kg/m2
Waist circumference, cm
Waist/hip ratio
Waist/height ratio
Systolic BP, mm-Hg
Diastolic BP mm-Hg
Acne
Acanthosis nigricans

27.30±1.29
6 (30.0)
6 (35.0)
6 (30.0)
5 (25.0)
13 (65)
10 (50.0)
14 (70.0)
29.47±1.35
95.15±2.95
0.90±0.01
0.62±0.02
116.00±2.94
29.47±1.35
12 (60.0)
14 (70.0)

26.45±0.91
0 (0.0)
1 (5.0)
0 (0.0)
2 (10.0)
9 (45.0)
13 (65.0)
11 (55.0)
23.71±0.71
80.58±2.06
0.86±0.01
0.52±0.01
109.00±2.01
23.71±0.71
2 (10.0)
0 (0.0)

0.593
0.020
0.091
0.020
0.407
0.341
0.523
0.514
0.001
<0.001
0.002
<0.001
0.057
0.001
0.002
<0.001

Family history

Physical findings

Data were expressed in mean±SD for quantitative and frequency (%) for qualitative values
Independent samples t test and Pearson’s chi-square/Fisher’s exact test were done as appropriate

Table II: Laboratory findings of the study population
Variables
FBG, mmol/L
2H-OGTT glucose, mmol/L
Triglyceride, mg/dl
S. LDL-cholesterol, mg/dl
Total cholesterol, mg/dl
S. HDL-cholesterol, mg/dl
TT, ng/dl
SHBG, ng/dl
HOMA-IR
S. adiponectin, ng/ml
S. leptin, ng/ml or µg/L
Adiponectin/leptin ratio
Leptin/adiponectin ratio

PCOS (n=20)

Controls (n=20)

p

5.25±0.16
7.75±0.46
132.65±12.51
131.46±8.65
197.0 (177.75, 219.75)
48.50 (40.0, 57.75)
50.35 (30.05, 98.15)
9.10 (8.03, 13.10)
2.38 (2.07, 5.57)
6.14 (4.36, 9.66)
30.0 (24.15, 68.13)
0.17 (0.12, 0.22)
6.0 (4.47, 8.42)

5.23±0.12
6.75±0.25
126.35±14.08
107.25±7.20
179.0 (159.0, 207.25)
42.0 (38.0, 46.0)
19.40 (15.10, 22.07)
26.35 (23.95, 65.23)
2.0 (1.36, 2.71)
6.74 (4.54, 8.62)
18.80 (9.17, 22.13)
0.47 (0.29, 0.74)
2.14 (1.35, 3.42)

0.923
0.063
0.740
0.038
0.043
0.010
<0.001
<0.001
0.008
0.820
<0.001
<0.001
<0.001

Data were expressed in mean±SD or median (IQR)
Independent samples T test or Mann Whitney U test and was done as appropriate

Adiponectin was lower but not statistically different in
PCOS patients than control. PCOS group had
significantly higher leptin level [30.0 (24.15, 68.13)
vs. 18.80 (9.17, 22.13), p<0.001] and lower ALR level
[0.17 (0.12, 0.22) vs. 0.47 (0.29, 0.74), p<0.001] than
control group. PCOS group had significantly higher
cardiovascular risks than healthy control when they
are categorized according to ALR (p=0.040) (figure 1).
None of the PCOS patients were in the normal
cardiovascular risk group. Among different
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manifestations, WC [r= -0.463, p= 0.040], WHR [r= 0.50, p=0.025], and WHtR [r= -0.510, p=0.022] were
significantly and negatively correlated with leptin in
PCOS. Only WHR [r= -0.617, p=0.004] and WHtR
[r= -0.535, p=0.015] were significantly correlated with
leptin/adiponectin ratio (LAR) in PCOS patients. Control
group had significant correlation of leptin with total
cholesterol [r= 0.448, p=0.047] and adiponectin with
HDL-cholesterol [r= 0.494, p= 0.027] (table III).
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Determinants of ‘r’

Leptin

Adiponectin r (p)

Leptin/adiponectin ratio

Control

PCOS

Control

PCOS

Control

Age, years

-0.022 (0.928)

0.279 (0.233)

-0.215 (0.363)

0.136 (0.567)

0.161 (0.499)

0.151 (0.526)

BMI, kg/m2

-0.421 (0.064)

-0.165 (0.486)

0.083 (0.729)

-0.069 (0.772)

-0.328 (0.158)

-0.044 (0.855)

WC, cm

-0.463 (0.040)

-0.051 (0.830)

0.083 (0.728)

-0.126 (0.597)

-0.412 (0.071)

0.0 (1.00)

Waist/hip ratio

-0.500 (0.025)

0.187 (0.431)

0.219 (0.354)

-0.09 (0.705)

-0.617 (0.004)

0.142 (0.550)

Waist/height ratio

-0.510 (0.022)

0.012 (0.960)

0.114 (0.631)

-0.011 (0.965)

-0.535 (0.015)

0.041 (0.865)

Systolic BP, mm-Hg

-0.024 (0.919)

-0.036 (0.881)

0.156 (0.512)

-0.325 (0.162)

0.177 (0.455)

0.102 (0.670)

Diastolic BP, mm-Hg

-0.021 (0.930)

-0.041 (0.865)

0.024 (0.921)

-0.166 (0.484)

0.177 (0.455)

0.005 (0.984)

FBG, mmol/L

-0.018 (0.941)

-0.220 (0.351)

-0.137 (0.566)

-0.039 (0.870)

0.141 (0.553)

-0.192 (0.418)

2H-OGTT glucose, mmol/L

-0.124 (0.602)

-0.033 (0.892)

0.094 (0.693)

-0.118 (0.620)

-0.178 (0.454)

0.286 (0.222)

Triglyceride, mg/dl

-0.335 (0.149)

0.033 (0.890)

0.020 (0.935)

-0.240 (0.308)

-0.206 (0.383)

-0.019 (0.937)

S. LDL-cholesterol, mg/dl

-0.256 (0.275)

0.360 (0.119)

-0.086 (0.719)

-0.044 (0.855)

-0.189 (0.424)

0.364 (0.114)

Total cholesterol, mg/dl

-0.276 (0.238)

0.448 (0.047)

-0.042 (0.860)

0.029 (0.905)

-0.148 (0.533)

0.357 (0.123)

S. HDL-cholesterol, mg/dl

0.332 (0.153)

0.102 (0.667)

0.146 (0.538)

0.494 (0.027)

0.329 (0.156)

-0.024 (0.920)

S. TT, ng/dl

0.274 (0.243)

-0.278 (0.235)

-0.116 (0.627)

-0.269 (0.251)

0.337 (0.146)

0.122 (0.609)

S. LH/FSH ratio

0.238 (0.313)

-0.263 (0.262)

0.272 (0.246)

-0.180 (0.446)

-0.131 (0.582)

-0.024 (0.920)

HOMA-IR

0.041 (0.863)

-0.044 (0.855)

-0.226 (0.339)

-0.018 (0.940)

0.247 (0.295)

-0.017 (0.945)
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ROC curve analysis showed that leptin had excellent
[area under the curve, AUC (95% confidence interval,
CI) = 0.916 (0.827, 1.00), p<0.001] and LAR [AUC
(95% CI)= 0.868 (0.754, 0.981), p<0.001] had fair
capacity to discriminate PCOS from healthy control.
Holding cut-off of 22.80 ng/ml, leptin had both 85%
sensitivity and specificity where as with cut-off of 4.35,
LAR had 80% sensitivity and 95% specificity in
diagnosing PCOS. Adiponectin alone could not be
considered marker of PCOS [AUC (95% CI) = 0.479
(0.295, 0.662), p=0.818] (figure 2).

Source of the Curve
Leptin (ng/ml)
Adiponectin (ng/ml)
Leptin-Adiponectin Ratio
Reference Line
1.0

0.8

18
Study population
PCOS (n=20)
Control (n=20)

15
11

Sensitivity

20

ROC curve

0.6

0.4

10
6

0.2

5

3
2

0.0
0.0

0
Severe risk
<0.5

Moderate
risk 0.5-<1

Figure 1: Cardiometabolic risk stratification of the
study population by ALR
Cardiometabolic risk stratification by adiponectin/leptin ratio
Fisher’s exact test was done

Variables

0.2

Normal
>1

Area under the curve

0.4

0.6

0.8

1.0

1 - Specificity

Figure 2: ROC curve analysis of leptin, adiponectin
and LAR as a markers of PCOS

Cut-off

p

(95% confidence interval)

Sensitivity

Specificity

(%)

(%)

Leptin, ng/ml

0.916

<0.001

22.80

85

85

Adiponectin, ng/ml

0.479

0.818

–

–

–

Leptin/adiponectin ratio

0.868

<0.001

4.35

80

90

Discussion
This study was done among 20 reproductive age PCOS
patients and equal number of matched healthy control
to see the relation of leptin, adiponectin and their ratio
with PCOS and its cardiovascular risks. PCOS is
associated with obesity and adipose tissue
dysfunction resulting in altered production of different
adipokines including adiponectin and leptin. Although
the adiponectin in PCOS was lower it was not
statistically different from healthy control in our study.
This finding is also observed by others especially when
adiponectin is adjusted for BMI.8-11 In contrast, meta270

analysis found lower level of adiponectin in PCOS.12
On the other hand, leptin was significantly higher in
PCOS participants. Our finding is consistent with other
studies.13,14 We also found significantly lower ALR
or higher LAR in PCOS group than control. This
relation was also reported by other studies. 15-17
In this study, the PCOS group had several cardiovascular risk factors in comparison to the healthy
control which was also revealed when we categorize
the study population by ALR. Adipocytokines mediate
the obesity associated cardiovascular risks. 18
Correlation between adiponectin and leptin with
Bangladesh Medical Res Counc Bull 2021; 47: 266-272
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visceral adiposity along with metabolic syndrome was
found in PCOS. 19 So, they may mediate the
pathogenesis of cardiovascular complications in
PCOS.

by Research & Development of BSMMU as well as
the PCOS Study Group, Endocrinology department,
BSMMU are duly acknowledged.

We found significant correlation of leptin and LAR with
WHtR rather than BMI in PCOS group. Studies also
showed better usefulness of WHtR than BMI in
predicting PCOS, insulin resistance as well as
cardiovascular diseases.20,21 Obirikorang et al also
found correlation of WHtR with leptin and LAR.22 WC
and WHR ratios are established cardiovascular risk
factors. Their associations with PCOS and
adipocytokines in this study also indicate their relation
with cardiovascular diseases. We did not find any
correlation of the adipocytokines with androgen which
was similar to other studies.23 Lecke et al also
reported that adipocytokines’ altered secretion was
independent of free androgen and BMI.24 We also did
not find any correlation of HOMA-IR with our
investigated adipocytokines that was similar to some
studies.9,25,26 Fat mass rather than insulin resistance
might be the predominant determinant of
adipocytokines production in PCOS.

Conflict of interest: There is no conflict of interest

We observed leptin and LAR as markers of PCOS
with high sensitivity and specificity. The high
discriminating index of our studied adipokines and
their ratio was similar to several studies with different
discriminating indices and superiority of one over
another.16,17,26 These markers can serve as both
diagnostic as well as cardiovascular risk stratification
in PCOS. However, they found LAR better than
individual value of leptin or adiponectin.
One of the limitations of this study was it’s small
sample size. We could not measure the high
molecular weight adiponectin which may better
correlate with insulin resistance and glucose
intolerance.
Conclusion
PCOS is characterised by higher leptin and LAR. Their
correlations with WHR and WHtR also indicate their
associations with cardiometabolic risk factors.
Besides, they seemed to be novel and powerful
markers of PCOS. Larger sample size with prospective
studies is needed to reveal their utility especially in
clinical practice.
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