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Abstract

Background Serum leptin has been considered as an important measurable diagnostic and prognostic biomarker for polycys-
tic ovarian syndrome (PCOS), although its evidence for use in clinical practice is limited. We aim to synthesize the available
evidence on the clinical use of serum leptin values in PCOS by doing a systematic review and meta-analysis of studies.
Objective To conduct a meta-analysis to determine the pooled effect size of the association of leptin levels in patients with
PCOS.

Methods We searched electronic databases, i.e., PubMed, Google Scholar, Web of Science, ClinicalTrials.gov, and Med-
line from inception to September 2020, keeping filters for human studies and published in the English language. We used
the random-effects model if heterogeneity between the studies was > 50%; otherwise, a fixed-effect model was applied to
determine the standardized mean difference with 95% CI for comparison of leptin level between cases and controls. All the
statistical analyses were completed using software STATA version 13.

Results The meta-analysis included a total of 35 studies involving 2015 cases and 1767 controls that suggested statisti-
cally significantly higher leptin levels in the women with PCOS as compared to controls (SMD, 1.76, 95% CI 1.28 to 2.23,
P <0.001). In the stratified analysis when only high methodological quality studies were included, we did not observe a
statistically significant difference in the leptin level between PCOS and controls (SMD 0.68, 95% CI —0.09 to 1.46). Analy-
sis restricted to low methodological quality studies observed statistically significant high leptin levels in PCOS women as
compared to controls (SMD 2.24, 95% CI 1.65 to 2.83).

Conclusion The available evidence suggests that elevated leptin levels may be associated with risk of PCOS as compared to
controls; however, failure to observe the similar association in high methodological quality studies demands further well-
designed adequately powered studies to validate the findings.
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Introduction

Polycystic ovary syndrome (PCOS) is one of the most
common endocrine abnormalities in women with con-
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varies from 5 to 10% in women of reproductive age group
[2]. Leptin was the first fat cell-derived hormone (adi-
pokine) which plays an important role in several metabolic
processes. It is important in regulating energy homeostasis
and has an impact on the reproductive systems in diverse
ways. Leptin has been observed to affect the pathogenesis
of PCOS in women with obesity. It is important to assess
the inter-regulatory phenomena between leptin and ovar-
ian function for its use in clinical settings. Evidence exists
in the literature which suggests high leptin levels may
also be associated with oxidative stress. Several studies
have shown that oxidative stress markers are increased in
women with PCOS compared to normal women and play
an important role in the pathogenesis of PCOS. Leptin has
been commonly identified as a marker for higher oxidative
stress and is often increased in case of obesity which may
be associated with PCOS.

Literature suggests mixed results in association between
the level of leptin in patients with PCOS [4]. Few of the
studies have shown increased levels of leptin in patients
with PCOS as compared to controls [5]; in contrast to this,
some studies have shown a lower level of leptin in women
with PCOS[6, 7]. A study has shown that an optimal level
of leptin in the follicular fluid may have a good correlation
with embryo quality, fertilization rate, pregnancy rate, and
successful live births [3].

The differences between the methodologies used in the
leptin biochemical measurement, selection of cases and
control, differences in the study settings may explain the
inconsistent results shown in the literature. It is essen-
tial to determine the precise association of leptin level in
PCOS women as it could serve as an important biomarker
for PCOS diagnosis and also help in the optimal treatment
of women with PCOS. Meta-analysis provides precise
evidence that combines the findings of multiples studies
addressing the same research question using robust statis-
tical power. Therefore, we have conducted a systematic
review and meta-analysis to determine the pooled effect
size of the association between leptin levels and women
with PCOS.

Methods

Literature Search: Relevant literature was searched using
the electronic database in PubMed, Google Scholar, Web of
Science, ClinicalTrials.gov, and Medline from the inception
to September 2020, keeping filters for human studies and
published in the English language. Search terms included
“PCOS” or “polycystic ovary syndrome” and “leptin”.
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References of published relevant articles were also manu-
ally searched to obtain additional relevant studies.

Selection Criteria

Inclusion criteria for review of studies were 1. studies using
Rotterdam or standard diagnostic criteria for defining PCOS;
2. studies having sufficient information for the extraction of
relevant data in women with PCOS and controls; 3. studies
reporting mean and standard deviation or sufficient informa-
tion was available to extract mean and standard deviation
in both cases and controls. Exclusion criteria for review of
studies were 1. review articles; 2. case reports, commentary,
or preclinical studies; 3. single study group without controls;
4. group which included the study subjects had conditions
other than PCOS.

Quality Assessment of Included Studies

The Newcastle—Ottawa Scale methodological quality
assessment tool [8] was used to assess the quality of studies
included in the meta-analysis. The criteria for the assess-
ment of quality were (1) diagnosis of PCOS based on Rot-
terdam or standard criteria; (2) representativeness of cases;
(3) recruitment method of controls if from the same commu-
nity or hospital; (4) availability of sufficient information to
assess the PCOS free status of controls; (5) matched controls
or multivariable analysis was used; (6) if 1 or more factors,
such as BMI or smoking was matched; (7) if the leptin level
assessment was under blind measurement; and (8) if a simi-
lar method was used for assessment of both groups. For each
item, a score of O or 1 was allocated based on the adequately
satisfied condition. The highest score 9 represents the best
quality, while the lowest score O represents worse quality.
The study quality was categorized into two subgroups high
quality (7 or more), low to moderate quality (6 or less) for
the subgroup analysis.

Results
Characteristics of Studies

The study flow diagram represents the extensive steps of the
literature search (Fig. 1). After thorough screening of arti-
cles, we obtained 35 articles meeting the inclusion criteria of
the present meta-analysis and included 2015 cases and 1767



Association of Leptin with Polycystic Ovary Syndrome: a Systematic Review

569

Records identified through Additional records identified
£ database searching through other sources
= (n=453 ) (n=12)
O
=
>~
c
[
- l l
PR Records after duplicates removed
(n=465 )
o
&=
£ Records excluded
g R (n=421 )
0 Records screened i
(n = 465) Not relevant study
~—
X
Full-text arti¥les assessed
for eligibility Full-text articles excluded,
Z (n = 44) with reasons
e =
) (n=9)
w
Studies included in
_ qualitative synthesis
PR (n=35)
o
-] Studies included in
3
Tca quantitative synthesis
- (meta-analysis)
(n=35)

Fig. 1 Study flow diagram for screening and inclusion of studies

controls for quantitative analysis. The characteristics of the
included studies have been shown in Table 1. The circulating
levels of leptin in women with PCOS versus controls were
measured in all the studies included in the meta-analysis.
Out of 35 studies, seven studies were from the USA [9-15],
six studies from Turkey [16-21], four studies from Iran
[22-25], three from Italy [26-28], two from Bulgaria [29,
30], two from India [31, 32], two from Egypt [33, 34], one
from Greece [35], one from Pakistan [36], one from the UK
[37], one from Israel [38], one from Germany [39], one from
Qatar [40], one from Korea[41], one from Saudi Arabia [42]
and one from Taiwan [43]. The methodological quality of
studies in individual studies is shown in Table 2.

Meta-Analysis Findings

The meta-analysis provides precise evidence by providing
the common effect size by combining the results of mul-
tiple studies conducted with similar study questions. The
meta-analysis involving a total of thirty-five studies sug-
gested leptin level is significantly higher in women with
PCOS as compared to controls (SMD, 1.76, 95% CI 1.28 to
2.23, P<0.001) (Fig. 2). The random-effect model was used
due to the presence of significant heterogeneity between the
studies. Further, we conducted the stratified analysis based
on the methodological quality of studies in which studies
were classified as low quality if the score was less than
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Table 1 Study characteristics of included case control studies

S. No Authors Country/year Mean age in case Population Biomarker assessed

1 Baig M[36] Pakistan/2014 299425 62/90 FSH, LH, E2, FT4, FT3, TSH

2 Baldani DP [37] UK/2018 26.5+6 151/95 DHEAS, (A),17-OH- (17-OHP), glucose, insulin, leptin, adi-
ponectin, resistin, and ghrelin. Serum LH, FSH, TSH, PRL,
and TT

3 Jahromi BN[23] Iran/2017 27.6+4.34 99/90 LH, FSH, TSH, and prolactin level. Testosterone FI, FBS, and
lipid profile

4 Hahn S [39] Germany/2006 27.3+5.7 122/81 LH, testosterone, cortisol, TSH, cholesterol, triglycerides (TG)
and blood glucose (G)

5 Iliana Tsouma [35] Greece/2014 32+4 70/76 Total cholesterol, LDL cholesterol, TG, apolipoprotein B,
lipoprotein(a), and homocysteine

6 Yildizhan R [17] Turkey/2011 26.4+2.75 57127 Dimethyl arginine, RBP4, leptin, LH, FSH, DHEAS, total T,
E2, total cholesterol, HDL cholesterol, low-density, LDL
cholesterol, TG

7 Peter R [15] USA/2015 19 to 44 58/70 Fasting glucose, leptin

8 Tuorno MJ [9] USA/2007 27.3+2.1 9/9 Serum insulin, serum testosterone, and leptin

9 Saleh HA [33] EGYPT/ 2004 28.1+4.6 50/20 Serum prolactin, FSH and LH, testosterone, and DHEA

10 Jeon YE [41] KOREA/2013 23.68+5.4 54/36 Sex hormone-binding globulin (SHBG), glucose, insulin, leptin,
RBP4, and kisspeptin

11 Saray S[42] Saudi Arabia/2015 28.6+6.1 2117215 FSH, LH, prolactin, testosterone, 17 a-hydroxy, (TSH)

12 Demirel F[18] TURKEY/2007 153+1.1 44/31 Insulin, FSH, LH, total testosterone (TT), DHEAS and E2

13 Telli MH [19] TURKEY/2002 21.4+2.7 50/32 FSH, LH, androstenedione, DHEAS, and fasting insulin

14 Sepilian VP [11] AMERICA/2006 28.4+0.9 40/15 Fasting glucose, insulin, leptin, sOB-R, T, and DHEAS levels

15 Chen CI [43] Taiwan/ 2015 26.05+5.7 224/198  Total testosterone, triglyceride, and low-density lipoprotein
(LDL)

16 Savastano S[28] Italy/ 2011 244+43 90/40 25-hydroxyvitamin D, PED/PEA-15, leptin-to-adiponectin

17 Remsberg KE [13] USA/2002 39.8+6.4 46/46 Leptin, insulin, glucose, SHBG,

18 Jalilian N [25] IRAN /2016 27.15+4.31 40/36 Fasting blood glucose, (LH), (FSH), thyroid stimulating hor-
mone (TSH), prolactin

19 Pusalkar M [32] India /2010 31.19+0.64 100/100 Testosterone, androstenedione, 17-OHP, DHEAS,

or equal to 6 and > 6 was considered a high-quality study.
Interestingly, we did not observe a statistically significant
difference in the leptin level between PCOS and controls in
a pooled analysis of high methodological quality of studies
(SMD 0.68, 95% CI -0.09 to 1.46) (Fig. 2). On the other
hand, the pooled analysis on the low methodological qual-
ity of studies observed statistically significantly high leptin
levels in PCOS women as compared to controls (SMD 2.24,
95% CI 1.65-2.83) (Fig. 2). Since there are huge variations
in the methodological qualities in the studies involved in the
present meta-analysis, we did the meta-regression analysis
to check whether the methodological quality of studies has
a significant effect on the leptin level. Our meta-regression
analysis demonstrated a negative linear relationship in the
decrease in effect size with an increase in the methodo-
logical quality of studies (Beta coefficient -0.80, P=0.13)
(Fig. 3). In the meta-regression analysis, keeping year of
publication as a moderator variable, we did not observe the
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effect of year of publication in effect size associated with
leptin level (beta coefficient 0.13, P=0.24) (Fig. 4). Due
to a high degree of heterogeneity observed in the present
study, we did the sensitivity analysis to verify the reliability
of the results, in which one study was removed subsequently
to see if removal of a single study may change the effect
size significantly. Our sensitivity analysis did not observe a
significant change in effect size after the removal of a single
study in the meta-analysis although Sarray et al. had some
excessive effect (Fig. 5). The funnel plot shows asymmetry
suggesting significant publication bias. This finding is also
consistent with Begg’s (0.014); however, egger test did not
observe statistically significant difference (P =0.28) (Fig. 6).

Heterogeneity

Statistical Heterogeneity: In the present meta-analysis,
significant high heterogeneity was observed in the overall
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Table 2 Methodological quality
assessment of included studies
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Ql, Case Defined With Independent Validation; Q2, Representativeness of the Cases; Q3, Selection of
Controls From Community; Q4, Statement That Controls Have No History of Outcome; Q5, Cases and
Controls Matched and/or Adjusted by Factors; Q6, Ascertain Exposure by Blinded Structured Interview;
Q7, Same Method of Ascertainment for Cases and Controls; Q8, Same Response Rate for Both Groups

studies analysis (I?=97.3%, P <0.001). In the subgroup
analysis, the significant heterogeneity remained present
in both high methodological quality studies (I>=95.3%,
P <0.001) and low methodological quality studies (
1’=97.7%, P <0.001). Differences in the methodologi-
cal quality may explain the large degree of heterogeneity
between studies.

Clinical Heterogeneity: Examination of clinical heteroge-
neity is imperative to examine the meta-analysis results as it
significantly affects the observed findings. Differences in the
study participants, treatment received by the patients, and
research settings, clinical setup, differences in the measure-
ment methods of leptin, could have introduced the clinical
heterogeneity between the studies.

Discussion

The present study observed that high leptin levels may be
associated with women having PCOS; however, the associa-
tion was observed only in the low-quality study. Analysis
including high methodological quality failed to observe the
statistically significant association of leptin with the risk of
PCOS. Several studies have shown a statistically significant
higher level of serum leptin in women with PCOS [15, 20,

441; however, some of the studies failed to derive such an
association [18, 21]. A meta-analysis reported in 2016 which
included a total of 19 studies, observed that leptin levels are
higher (statistically significant) for women with PCOS as
compared to controls (SMD, 1.62, 95% CI 1.01-2.23).
Leptin is mainly produced by adipocytes and is consid-
ered a polypeptide hormone for the regulation of normal
body weight. Several studies have observed a strong associa-
tion of circulating leptin with obesity, which may be con-
nected with PCOS. It plays an important role in regulating
energy homeostasis and has an impact on the reproductive
systems in diverse ways. PCOS, the common diovulatory
infertility, is characterized by chronic anovulation, hyper-
androgenaemia, insulin resistance, and a high incidence of
obesity; therefore, leptin level may be related to the patho-
genesis of PCOS. A study concluded that further studies are
required to elucidate the independent correlations between
serum leptin levels and phenotypic features in women with
PCOS [39]. Our updated meta-analysis involving the largest
number of studies so far including 35 studies, observed a sta-
tistically significant association between higher leptin level
and risk of PCOS disease. Interestingly, the association was
noted only when the analysis was restricted to low methodo-
logical quality studies. Analysis including well-conducted
studies having good methodological quality scores failed to
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Study %
D SMD (95% Cl) Weight
High Quality [
Gargari BP (2015) L 4 1.16 (0.61, 1.71) 10.07
Baig M (2014) L 2 2.73(2.28, 3.17) 10.25
Yildizhan R (2011) L 2 1.61(1.09, 2.13) 10.13
Garruti G (2014) - -2.26 (-3.28, -1.25) 8.97
Houjeghani S (2012) g 2 0.97 (0.44, 1.51) 10.10
Atameri A (2008) * 1.25 (0.72, 1.78) 10.10
Gurbuz TK (2013) * 0.05 (-0.59, 0.69) 9.89
Mancini F (2009) * ' -0.86 (-1.49, -0.24) 9.93
Savastano S (2011) N 1.89 (1.45, 2.33) 10.26
Remsberg KE (2002) & -0.10 (-0.51, 0.31) 10.30
Subtotal (I-squared = 95.3%, p = 0.000) —_— 0.68 (-0.09, 1.46) 100.00
with estimated predictive interval } (-2.26, 3.63)
. 1
Low to Moderate quality L
Baldania DP (2019) | & 2.15 (1.83, 2.47) 4.31
Jahromi BN (2017) & . 0.16 (-0.12, 0.45) 4.32
Alper T (2013) < 1.29 (0.69, 1.89) 418
Orabi HE (1999) 2 0.84 (0.30, 1.39) 4.21
Hahn S (2006) 0‘: 0.53 (0.25, 0.82) 432
Tsouma | (2014) L -0.11 (-0.44, 0.21) 4.31
Brzechffa PR (2015) B - 9.64 (8.40, 10.88) 3.66
luornoa MJ (2007) . L ' -0.54 (-1.49, 0.40) 3.93
Saleh HA (2004) L d 1.41 (0.84, 1.98) 419
Mantzoros CS (1997) - 2.23 (1.36, 3.11) 3.98
Chakrabarti J (2013) T ) —_——> 15.19 (11.41, 18.97) 1.56
Rizk NM (2015) ! - 6.78 (5.58, 7.98) 3.70
Jeon YE (2013) , 0: 0.65 (0.22, 1.09) 4.27
Sarray S (2015) ® 0.05 (-0.14, 0.24) 435
Demirel F (2007) | 0.87 (0.39, 1.35) 4.24
Telli MH (2002) &' 0.33 (-0.12, 0.77) 4.26
Sepilian VP (2006) |* 1.21 (0.57, 1.84) 415
Chen CI (2014) &, 0.60 (0.40, 0.79) 435
Kedikova SE (2013) 1 —&— 16.35 (14.20, 18.50) 2.76
Hamiel OP (2009) L 1.34 (0.65, 2.04) 4.11
Jalilian N (2016) _|e 1.17 (0.69, 1.66) 4.24
Bideci A (2008) L J - -1.05 (-1.67, -0.42) 4.16
Pehlivanov B (2009) 1 &= 3.63 (2.80, 4.45) 4.02
Laughlin GA (1997) @ 0.94 (0.43, 1.46) 4.23
Pusalkar M (2010) ' ; L 5.00 (4.43, 5.56) 4.20
Subtotal (I-squared = 97.7%, p = 0.000) —t—— 2.24 (1.65, 2.83) 100.00
with estimated predictive interval 1 (-0.80, 5.27)

1
Overall (I-squared = 97.3%, p = 0.000) -—¢— 1.76 (1.28, 2.23)
with estimated predictive interval 1 (-1.08, 4.59)
NOTE: Weights are from random effects analysis :

| |
-19 0 19

Low level Leptin in PCOS

Higher level Leptin in PCOS

Fig. 2 Forest plot showing an association between leptin level and risk of PCOS
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Fig.4 Meta-regression analysis keeping year of publication as mod-
erator variable Coefficient=0.13, p=0.24

observe a statistically significant difference between PCOS
and controls. These findings are reported for the first time by
the present study, which raises a concern regarding the pre-
cise association of leptin in women with PCOS. Our meta-
regression analysis also observed a non-significant negative
relationship between effect size and methodological qual-
ity which further indicates the questionable association of
high leptin with PCOS (P =0.13). The year of publication
of articles did not act as a significant moderator variable in
the meta-regression analysis. Our sensitivity analysis did not
observe the significant influence of a single study in altering
the significant association between leptin level and risk of
PCOS including overall studies.

Limitation of the Meta-Analysis

The present study has several limitations. Several con-
founding factors could not be extracted which potentially
influence the outcome and exposure relationship like insu-
lin resistance, BMI, diabetes, and age which may result in
overestimation of the summary effect size, therefore, might
undermine the generalization of the findings observed in the
current meta-analysis. In addition to this, the high statisti-
cal heterogeneity among the studies further raises concern
regarding the generalizability of finding observed in the cur-
rent study. Interpretation of the summary effect size should
be made with caution due to significant heterogeneity. We
could not check the influence of visceral adiposity, waist
circumference, LH/FSH ratio which may have a significant
influence on the effect size. Unavailability of individual
patient data is a limitation to conduct the individual patient
data meta-analysis.
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Fig.5 Sensitivity analysis
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Conclusion

The findings of meta-analysis suggest that the association
of elevated levels of leptin with PCOS is controversial due
to the high degree of heterogeneity and failure to observe
association in the studies including high methodological
quality studies. Further, well-designed adequately powered
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prospective studies are needed to clarify the precise relation-
ship between leptin levels and PCOS.

Take Home Message
A low energy diet therapy is associated with lower leptin

concentration thereby slowing the metabolic rate. A healthy
diet, exercise, and adequate sleep could be effective in
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maintaining leptin sensitivity and have a great potential to
improve the outcome in patients with PCOS.
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