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Abstract
Introduction: Polycystic ovary syndrome (PCOS) is one of the most common endo-
crine disorders among women of reproductive age. Chemerin, a novel adipokine, is 
involved in inflammation, energy metabolism, adipogenesis, angiogenesis and insulin 
secretion in the adipose cells and ovary. This systematic review with meta-analysis 
aimed to compare serum and follicular fluid (FF) chemerin and ovarian chemerin 
mRNA expression among women with PCOS and non-PCOS.
Methods: Electronic databases including Web of Science, PubMed, Google Scholar, 
Scopus, Cochrane and CINAHL were used for a comprehensive search through April 
2021. Of the 174 articles initially identified, 22 studies met the eligibility criteria. A 
random-effects model with a weighted mean difference (WMD) and 95% confidence 
interval (CI) was performed to compare the outcomes between groups. Subgroup and 
sensitivity analyses were performed to detect the sources of heterogeneity.
Results: Women with PCOS compared to without PCOS showed significantly higher 
serum chemerin [WMD: 12.02 pg/ml (95% CI: [10.92, 13.13]), p  <  .001], chemerin 
mRNA expression [WMD: 0.38% (95% CI [0.25, 0.52]), p  =  .001] and FF chemerin 
[(WMD): 41.7  pg/ml (95% CI [17.89, 65.5]) p  <  .001]. Further, serum chemerin re-
mained high in PCOS women even with subgroup analysis based on body mass index 
(BMI) or sample size (p < .001). Serum chemerin was higher in women with PCOS and 
higher BMI [(WMD): 3.29 pg/ml (95% CI: [2.73, 3.384]), p < .001]. The expression of 
chemerin mRNA was significantly higher in the PCOS group compared to the control 
group [WMD: 0.38% (95% CI [0.25, 0.52]), p < .001].
Conclusion: Serum and FF chemerin and mRNA expression were higher in the PCOS 
group compared to the controls. Further, serum chemerin was higher in PCOS women 
with higher BMI compared to lower BMI. The present findings illustrate that chemerin 
may be associated with PCOS status and BMI, independently.
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1  |  INTRODUC TION

Polycystic ovary syndrome (PCOS) is one of the most common en-
docrine disorders among women of reproductive age1 with a preva-
lence of 6%–10%.2 The clinical and metabolic disturbances of PCOS 
include acne, polycystic ovaries, hyperandrogenism, hirsutism, an-
ovulation, abnormal adipokine levels, inflammation, insulin resis-
tance (IR), glucose intolerance, obesity, type 2 diabetes mellitus, 
metabolic syndrome and cardiovascular risk factors, infertility and 
eating disorders.3–5

Chemerin, a novel adipokine, is encoded by gene retinoic acid 
receptor responder 26 and synthesized as a 163-amino acid precur-
sor (pro-chemerin163S)7 in a wide variety of cells and tissues such 
as placenta, lungs, skeletal muscles, kidneys, ovarian cells (granulosa 
cells), hepatocyte and adipocyte (brown/white).8 The follicular fluid 
(FF) chemerin levels are higher than in plasma.9 Chemerin with au-
tocrine, paracrine or endocrine roles10 is involved in inflammation, 
energy metabolism, adipogenesis,11,12 angiogenesis,13 failed assisted 
reproductive technology,14 and insulin secretion,15 IR and fat con-
tent in the adipose cells and ovary.10 Some studies reported that 
serum,16,17 and FF18 chemerin levels were increased in women with 
PCOS.

One of the primary therapeutic strategies of PCOS is focusing on 
complications and metabolic disorders related to PCOS.19 The mod-
ification of chemerin levels in patients with PCOS may be one of the 
therapeutic goals of PCOS in future, due to the role of chemerin in 
metabolic dysfunction.18

A meta-analysis recently evaluated only serum chemerin levels 
in women with PCOS compared to non-PCOS (control) (both groups 
with normal weight). Moreover, only five studies were analysed in 
this regard and did not survey women with different BMI (obese or 
thin women).20 Moreover, the findings of FF chemerin levels and 
ovarian mRNA expression of chemerin were not pooled in the pre-
vious meta-analyses.

Therefore, given the inconsistent and insufficient evidence (the 
various population (obese, normal weight, lean, with or without IR), 
small sample size and lack of the previous comprehensive meta-
analysis), this systematic review with meta-analysis was aimed to 
evaluate serum or FF chemerin levels and also the ovarian mRNA 
expression of chemerin in women with PCOS in comparison with 
non-PCOS.

2  |  MATERIAL S AND METHODS

2.1  |  Search strategy

This literature was designed in accordance with the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA).21 The registration number of our systematic review 
in PROSPERO is CRD42020218793. A comprehensive litera-
ture search was performed to find the relevant articles published 

from inception to April 2021. Two independent investigators (G.A. 
and M.A.) searched the electronic databases including ISI Web of 
Science, PubMed, Google Scholar databases, Scopus, Cochrane, 
Scientific Information Database (SID) and CINAHL using the combi-
nation of the following keywords:

•	 Polycystic ovary syndrome, polycystic ovary disease, ovary syn-
drome, polycystic syndrome, polycystic ovary, stein-leventhal 
syndrome, stein-leventhal, sclerocystic ovarian degeneration, 
ovarian degeneration, sclerocystic ovary syndrome, polycystic 
ovarian syndrome, ovarian syndrome, sclerocystic ovaries, sclero-
cystic ovary, PCOS.

•	 Chemerin, chemerin protein, human TIG2 protein, tazarotene in-
duced gene-2 protein, retinoic acid receptor responder protein 2, 
RAR-responsive protein TIG2.

The search query of this review was formulated using the PICO 
strategy22 (population (P), Intervention or Exposure (I), Comparison 
(C), Outcome (O)) as follows: women in the reproductive age (P), 
PCOS (I), control (no PCOS) (C) and at least one of the variables, in-
cluding serum chemerin levels, FF chemerin levels or ovarian chem-
erin mRNA (O).

The details of the search strategy for one of the electronic data-
bases (PubMed) were shown in Table S1. In addition, the references 
cited in all selected articles were retrieved to identify further rel-
evant publications. There was not any restriction according to the 
conference paper, publication year and language.

2.2  |  Inclusion and exclusion criteria

The inclusion criteria for the included studies for the present meta-
analysis were as follows: (1) observational studies (cross-sectional, 
cohort and case-control) and clinical trials (the presence of at least 
one of the studied variables at the baseline), (2) human studies 
with no restrictions on study parameters (study duration, design or 
sample size) and race, (3) women of reproductive age (no restric-
tion for body mass index (BMI)) whom a diagnosis of PCOS was 
made according to the criteria defined by National Institutes of 
Health,23 Rotterdam,24 Androgen Excess Society,25 laparoscopic26 
or International Classification of Diseases,27 (4) the studies assessed 
serum chemerin levels, FF chemerin levels or ovarian chemerin 
mRNA expression in both groups and (5) the studies in which the 
form of reported variables was presented in mean ± standard devia-
tion (SD) or standard error of the mean (SEM), and median with inter-
quartile range (IQR) or (minimum-maximum). In the case of multiple 
reports for the same studied participants, the most complete data 
set was analysed.

Exclusion criteria included the studies which (1) compared the 
differences between women and men, (2) did not present reliable 
and sufficient data of serum chemerin, FF chemerin or ovarian 
chemerin mRNA expression and (3) did not have a control group.
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2.3  |  Study selection

After excluding duplicate studies, two researchers (G.A. and M.A.) in-
dependently reviewed the titles and abstracts to find the relevant ar-
ticles. Then, they read the full text of the included studies for selecting 
the eligible studies, according to the predefined criteria. Any disagree-
ment was resolved by the discussion with a third investigator (M.Z.).

2.4  |  Data extraction

The data of the eligible studies were independently extracted by 
two researchers (G.A. and M.A.) in close consultation with a third 
researcher (M.Z.) as follows:

First author's name, year of publication, PCOS diagnostic criteria, 
country, type of the study, the total number of the participants, num-
ber of the participants in each group, age, serum or/and FFchemerin 
levels, and ovarian chemerin mRNA expression and assay approach for 
all the studied variables. The final data used in the meta-analysis were 
rechecked to minimize the extraction errors by three researchers.

2.5  |  Quality assessment of studies

The quality of the selected studies was appraised using the Newcastle-
Ottawa scale (NOS)28 for all observational studies (cross-sectional, 
case-control and cohort) and the Cochrane Collaboration's tool29 for 
the randomized trials by two researchers (M.Z. and M.A.), separately. 
Any discrepancy was resolved by a third researcher (A.M.).

The NOS tool includes eight items in three domains with scores 
ranging from 0 to 9 stars. Three domains include selection, compa-
rability and relating to the study type outcome (cohort studies) or 
exposure (case-control studies). A maximum of one star in each item 
is allocated to the highest quality studies with the exception of one 
item (comparability) that is awarded two stars. The quality of the 
studies was categorized as low (0–3 stars), moderate (4–6 stars) and 
high (7–9 stars) based on total stars.30

The Cochrane Collaboration's tool includes six domains in seven 
items as follow: (1) selection bias ((two items): (a) random sequence gen-
eration and (b) allocation concealment), (2) performance bias (one item), 
(3) detection bias (one item), (4) attrition bias (one item), (5) reporting 
bias (one item) and (6) other sources of bias (one item). With respect 
to each item, the risk of bias was assessed as unclear (the details of the 
studies were not enough for the judgment) (score = 0), high (score = −1) 
or low (score = 1). The overall quality of each trial was categorized into 
low (score = −6 to 0), medium (score = 1–3) or high (score = 4–6).29

2.6  |  Outcome measures

The primary outcomes included the comparison of serum or FF 
chemerin levels and ovarian chemerin mRNA expression in women 
with and without PCOS.

2.7  |  Statistical analysis

We calculated the pooled estimates of weighted mean differences 
(WMD) and 95% confidence interval (95% CI) to evaluate the dif-
ferences in the outcomes between the case and control groups. A 
random-effects model was used to compare the outcomes between 
the groups. A chi-square test (Cochran Q test) and I2 were used to 
evaluate between-study heterogeneity. Heterogeneity was consid-
ered low if I2 < 30%, moderate if I2 = 30–75% and high if I2 > 75%.31 
Subgroup analysis was performed to detect the sources of hetero-
geneity due to insufficient available data based on BMI (BMI < or 
>25 kg/m2) and the sample size of the studies (<30 or >30). Each 
study with a sample size <30 in the case or the control group was 
inserted in a group of sample size <30 and each study with a sample 
size of more than 30 (>30) in both case and control groups was in-
serted in a group of sample size >30. To estimate the impact of each 
study on the overall effect size by the leave-one-out method (when 
one study had been excluded in each turn and repeated the analysis), 
a sensitivity analysis was performed using influence analysis. Funnel 
plots were performed to indicate the presence of publication bias 
using Egger's regression asymmetry test. STATA 14.0 (Stata Corp.) 
was used for the analysis of data. Statistically, a significant differ-
ence was considered as p < .05.

3  |  RESULTS

3.1  |  Search result

Primary identified records through the databases and other 
sources searching and also flow diagram of the study selec-
tion process were presented in Figure  1 and Table  S2. In total, 
175 studies were preliminarily identified by the search study and 
the reference lists of the studies. After removing duplicates, 77 
articles remained. Based on the titles and abstracts screening, 46 
articles were excluded. From 31 of the selected studies for full-
text screening, 22 studies met inclusion criteria after reading the 
full text. GetData Graph Digitizer software was used for the data 
extraction of some studies.10,17,18,32-35 Some data were received 
by email.35,36 The reasons for the exclusion of nine articles after 
reading full text were illustrated in Table S3.

3.2  |  Study characteristics

The characteristics of the 22 included studies for the present meta-
analysis were summarized in Table S4.

3.3  |  Qualitative synthesis

In total, serum and FF chemerin levels were measured in 
nineteen16-18,32,33,35-48 and four studies,10,18,34,49 respectively. 
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F I G U R E  1 Flow diagram of the study 
selection process
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F I G U R E  2 Forest plot detailing 
weighted mean differences (WMD) 
and 95% confidence intervals for the 
comparison of serum chemerin levels 
between two PCOS groups (women with 
the BMI >25 or 30 and PCOS women BMI 
<25 or 30)
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The methods of assessing serum and FF chemerin levels were 
ELISA10,16-18,32-48or Wb.49 However, in total, five studies assessed 
chemerin mRNA expression in the subcutaneous and omental adi-
pose tissues17,32 and ovarian (granulosa cells in follicular fluid)10,18,34 
using reverse transcription-polymerase chain reaction  (RT-PCR), 
due to the lack of data, only ovarian chemerin mRNA expression was 
analysed. The results of the quality assessment of the studies were 
shown in Tables S5and S6.

3.4  |  Quantitative synthesis

Forest plot and funnel plot diagrams and influence analysis (leave-
one-out sensitivity analysis) on our outcomes are depicted in 
Figures  2–5, Figures S1–S5 and Table  S7. Meta-analysis and sub-
group analysis for the comparison of the outcomes between groups 
were projected in Table 1.

3.5  |  Meta-analysis for serum chemerin levels

3.5.1  |  The comparison between the 
PCOS and non-PCOS groups

At first, the meta-analysis was performed for all studies. Significant 
higher serum chemerin levels were seen in the PCOS group in 
comparison with the non-PCOS group (WMD: 12.02  pg/ml, 95% 
CI: 10.92, 13.13, p  <  .001). Heterogeneity in the analysis using a 
random-effect model was detected (n = 32, I2 = 99.4%, p <  .001) 
(Figure S1). Sensitivity analysis was performed using influence analy-
sis through the leave-one-out method for all studies (Table S7); het-
erogeneity did not change by sensitivity analysis.

Then, subgroup analysis was carried out for all studies with 
BMI >25 or <25 kg/m2. Serum chemerin levels were higher in the 
PCOS group compared to the non-PCOS group (WMD: 1.62 pg/ml, 
95% CI: 1.25, 1.99, p <  .001). Heterogeneity in the analysis using 
a random-effect model was detected (n = 17, I2 = 98.3%, p < .001; 
Figure S2).

In a subgroup analysis according to BMI >25 or <25  kg/
m2, women with PCOS and BMI >25  kg/m2 revealed significantly 
higher serum chemerin levels in comparison with the non-PCOS 
group with BMI >25 kg/m2; (WMD: 3.96 pg/ml, 95% CI: 3.02, 4.9, 
p  <  .001). Whereas, there was no significant difference between 
women with PCOS and BMI <25 kg/m2 compared to the non-PCOS 
group with BMI <25 kg/m2; (WMD: 0.9 pg/ml, 95% CI: 0.43, 1.38, 
p = .065). In a subgroup analysis of serum chemerin levels, heteroge-
neity remained significant (n = 15, I2 = 98.5%, p < .001) and (n = 12, 
I2 = 98.1%, p <  .001) in the groups with BMI >25 kg/m2 and BMI 
<25 kg/m2, respectively (Figure S2).

In a subgroup analysis according to sample size of the studies 
>30 or <30, serum chemerin levels were remarkably higher in the 
PCOS group in comparison with the non-PCOS group in both studies 

with sample size >30 (WMD: 14.23  pg/ml, 95% CI: 11.03, 17.43, 
p < .001) and sample size <30 (WMD: 6.13 pg/ml, 95% CI: 5.25, 7.01, 
p < .001). Heterogeneity was found significant in both groups with 
sample sizes >30 (n = 16, I2 = 99.5%, p <  .001) and <30 (n = 11, 
I2 = 99.4%, p < .001), respectively (Figure S3).

3.5.2  | Women with PCOS and BMI >30 or 25 kg/
m2 and BMI <30 or 25 kg/m2

Women with PCOS and BMI >30 or >25 showed significantly higher 
levels of serum chemerin compared to women with PCOS and BMI 
<30 or <25 kg/m2; (WMD: 3.29 pg/ml, 95% CI: 2.73, 3.84, p < .001). 
Heterogeneity in the analysis using a random-effect model was de-
tected (n = 13, I2 = 97.5%, p < .001) (Table 1 and Figure 2).

In a subgroup analysis based on the BMI, serum chemerin levels 
were higher in women with PCOS and BMI >30 kg/m2 than women 
with PCOS and BMI <30 kg/m2 (WMD: 20.16 pg/ml, 95% CI: 17.15, 
23.17, p < .001). The significant heterogeneity was revealed (n = 5, 
I2 = 98.8%, p < .001) (Figure 3).

Similar results were obtained when there were higher levels of 
serum chemerin in women with PCOS and BMI >25  kg/m2 com-
pared to women with PCOS and BMI <25 kg/m2; (WMD: 2.59 pg/
ml, 95% CI: 2.02, 3.16, p < .001). Heterogeneity in the analysis using 
a random-effect model was detected (n = 5, I2 = 82.7%, p <  .001) 
(Table 1 and Figure 3).

3.6  |  Meta-analysis for FF chemerin levels

The meta-analysis was performed for all studies.10,18,34,49 
Significantly higher of FF chemerin levels were observed in the 
PCOS group compared to the control group (WMD: 41.7 pg/ml, 95% 
CI: 17.89, 65.5, p =  .001) with the significant heterogeneity (n = 6, 
I2 = 83.5%, p < .001; Figure 4).

3.7  |  Meta-analysis for ovarian chemerin 
mRNA expression

The random-effect model of meta-analysis revealed a significantly 
higher expression of chemerin mRNA in the PCOS group compared 
to the control group (WMD: 0.38%, 95% CI: 0.25, 0.52, p <  .001). 
Heterogeneity was significant in chemerin mRNA expression analy-
sis (n = 5, I2 = 82.8%; p < .001; Figure 5).

3.8  |  Publication bias

The funnel plot for serum chemerin levels in all studies and in the 
studies regarding BMI >25 or <25 was depicted in Figures S1 and S2, 
respectively. A significant publication bias was revealed for serum 
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chemerin levels among studies by Egger's test in all studies and in 
the studies regarding BMI >25 or <25 kg/m2 (p < .001 and p = .018, 
respectively) (Table S8). The funnel plot for FF chemerin levels and 

ovarian chemerin mRNA expression was not performed to assess 
the publication bias due to the unreliable results when less than ten 
studies were included in a meta-analysis.29

F I G U R E  3 Forest plot of subgroup analysis for the comparison of serum chemerin levels in PCOS group with BMI >30 or >25 compared 
to PCOS group with the BMI <30 or <25
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F I G U R E  4 Forest plot detailing 
weighted mean differences (WMD) 
and 95% confidence intervals for the 
comparison of follicular fluid chemerin 
levels in PCOS with control group
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4  |  DISCUSSION

In this systematic review with a meta-analysis of twenty-two stud-
ies (twenty-one observational studies and one clinical trial), the 
comparison of serum and FF chemerin levels, and ovarian chemerin 
mRNA expression was performed between the PCOS and the non-
PCOS groups. Furthermore, serum chemerin levels were compared 
between two PCOS groups with the different BMI categories. The 
findings illustrated that the levels of the studied outcomes were 
significantly higher in the PCOS group in comparison with the non-
PCOS group. However, serum chemerin levels were higher in women 
with PCOS and BMI >25 kg/m2compared to the women with non-
PCOS and BMI >25  kg/m2. Women with PCOS and BMI <25  kg/
m2did not show any significant enhancement in serum chemerin 
levels compared to women with non-  PCOS and BMI <25  kg/m2. 
Moreover, serum chemerin levels were remarkably higher in women 
with PCOS and higher BMI compared to women with PCOS and 
lower BMI. Therefore, serum chemerin levels showed an independ-
ent relationship with BMI. In agreement with the present findings, 
Guzel et al.39 showed higher serum chemerin levels in women with 
PCOS or women with PCOS and obesity compared to women with 
non-PCOS or women with PCOS and non-obesity, respectively. In 
addition, they found higher chemerin levels in women with PCOS and 
obesity compared to women with PCOS and normal weight. Their 
results showed serum chemerin levels related to fat mass more than 
PCOS status.39 The increased levels of both serum and FF chemerin 
were observed in women with PCOS and IR compared to the non-
PCOS with IR. Moreover, serum and FF chemerin levels were higher 
in PCOS with IR compared to PCOS without IR. Lie et al.18 illustrated 
that enhanced serum chemerin levels may lead to IR, the decreased 
GLUT4 expression and glucose uptake in the cultured hGLs. On the 
other hand, they pointed that the increased chemerin expression in 
human granulosa-lutein cells (hGLs) may emanate from insulin.18

In a study conducted by Halwa et al., 47 they found that serum 
chemerin levels were the highest in women with PCOS and obe-
sity. However, based on the previous findings,10,17,18,33,39,47,50,51 
some factors or metabolic status such as type 2 diabetes mellitus, 
impaired glucose tolerance, metabolic syndrome, PCOS, BMI, fat 

mass or adipose tissue, fasting insulin, and IR, serum triglycerides, 
and blood pressure may influence serum and FF chemerin levels or 
ovarian chemerin mRNA expression, the data were weak or low for 
other variables (subcutaneous and omental adipose tissue chemerin 
mRNA expression or protein expression). It was notable that all stud-
ies showed serum or FF chemerin levels are higher in women with 
PCOS compared to the controls with regardless of another metabolic 
or androgenic status (BMI, insulin, IR and lipid profiles).14,18,33,35,39,47 
The difference in the metabolic status may play a greater role in in-
creased chemerin levels.

As the previous studies14,18 and the present study emphasized, 
both serum and FF chemerin were higher in PCOS in compared to 
non-PCOS. In the present study, the difference between the met-
abolic status of women may have led to non-significant chemerin 
levels between women with PCOS and BMI <25 kg/m2compared to 
women with non-PCOS and BMI <25 kg/m2.

High heterogeneity was observed in all analyses which may 
be related to the different races, ages, different population back-
grounds, severity of the disease, and diet of the studied population 
and type of kit was used to evaluate the outcomes. No single study 
contributed to between-study heterogeneity in subgroup and sen-
sitivity analysis.

The function of chemerin on glucose and lipid metabolism 
(production of energy substrates or sources), and the pathogene-
sis of obesity and PCOS are controversial.51,52 Some mechanisms 
can explain the cause of higher serum chemerin levels in women 
with PCOS as well as in women with both PCOS and higher BMI. 
Chemerin or chemerin receptor plays an essential role in (1) the 
differentiation pre-adipocytes to adipocytes by decreasing the ex-
pression of adipocyte genes involved in glucose and lipid metabo-
lism53,54 and (2) decreasing the aromatase expression which is a key 
enzyme of sex hormone metabolism and catalyses the conversion 
of androgens to oestrogens in adipose tissue55 and ovarian granu-
losa cells.56 Chemerin decrease both total GLUT4 expression in hGLs 
and insulin-induced GLUT4 translocation from the cytoplasm to the 
membrane. Therefore, chemerin may lead to the attenuation of glu-
cose uptake.18 Further, chemerin may play as a negative regulator 
in FSH-induced follicular steroidogenesis which may be involved 

F I G U R E  5 Forest plot detailing 
weighted mean differences (WMD) 
and 95% confidence intervals for the 
comparison of ovarian chemerin mRNA 
expression in PCOS with control group



8 of 11  |     MANSOORI et al.

in polycystic ovary morphology (PCOS pathogenesis).16,56 The en-
hancement of FF chemerin may indicate its possible role in stop-
ping follicular growth10,16 and ovulatory dysfunction characterizing 
PCOS pathogenesis.10 Granulosa cells have a basic responsibility to 
provide energy to oocytes for maturation, developmental compe-
tency and protection. Granulosa cells (follicular fluid) chemerin can 
impair through the imbalance of energy substrates (lipid and glucose 
metabolism) in oocytes.57

4.1  |  Limitations and strengths

The limitations of the present systematic review with meta-
analysis include the following: (1) the different in the studies de-
sign (the participants with a wide range of BMI (thin to obesity), 
age, the race/ethnicity, metabolic status (IR, hyperandrogenism 

and normandrogenism) and disease history) and also the differ-
ences in the accuracy and variety of the kits and the methods of as-
sessments used in each study (the various methods of assessment 
of chemerin levels such as enzyme-linked immunosorbent assay 
(ELISA), liquid chromatography/mass spectroscopy-mass spectros-
copy (LC/MS-MS) and Western blot (Wb) were presented some ad-
vantages and disadvantages which can affect the accuracy of the 
results (Table S9)49); (2) heterogeneity among the studies was high, 
even with subgroup and sensitivity analysis; (3) subgroup analysis 
was not performed for FF chemerin levels and ovarian chemerin 
mRNA expression, due to the lack of the number of studies; (4) 
however, sample size of some studies was small (n  =  14, 20 and 
28),32,49 subgroup analysis based on sample size was carried out 
to address this limitation; (5) despite the use of a comprehensive 
search strategy, some unexpected findings from some studies may 
remain unpublished, which may lead to a change in the results; (6) 

TA B L E  1 Meta-analysis and subgroup analysis for the comparison of the studied outcomes between the studied groups

Outcomes
No. of participants 
(case/control) No. of studies

Quantitative data synthesis Heterogeneity analysis

WMD 95% CI Z-value p-value
df 
(Q) I 2%

p 
value

Serum chemerin levels in PCOS and no PCOS group

Overall effect 2256 (1191/1065) 19 12.02 10.92, 13.13 21.26 <.001 31 99.4 <.001

Subgroup analysis based on BMI (BMI >25 or <25)

BMI >25 887 (512/375) 14 3.98 3.02, 4.9 8.23 <.001 14 98.5 <.001

BMI <25 834 (406/428) 11 0.9 0.43, 1.38 3.74 .065 11 98.1 <.001

Overall effect 1721 (918/803) 17 ( 1.62 1.25, 1.99 8.51 <.001 26 98.3 <.001

Subgroup analysis based on sample size of the studies (sample size >25 or <25)a

Sample size 
<30

774 (443, 331) 11 6.13 5.25, 7.01 13.63 <.001 16 99.5 <.001

Sample size 
>30

1143 (605, 538) 10 14.23 11.03, 17.43 8.71 <.001 11 99.4 <.001

Overall effect 1917 (1048, 869) 19 4.12 3.59, 4.66 15.08 <.001 28 99.3 <.001

Serum chemerin levels in PCOS group with BMI >25 or 30 and PCOS group with BMI <25 or 30

Overall effect 800 (450/350)c 13 3.29 2.73, 3.84 11.55 <.001 12 97.5 <.001

Subgroup analysis based on BMI (BMI >25 or 30)

BMI >30 247 (129/118)d 5 20.16 17.15, 23.17 13.12 <.001 4 98.8 <.001

BMI >25 448 (269/ 179)e 5 2.59 2.02, 3.16 8.91 <.001 4 82.7 <.001

Overall effect 800 (450/350) 10 3.2 2.64, 3.76 11.55 <.001 12 98.1 <.001

Follicular fluid chemerin levels in PCOS and no PCOS groups

Overall effect 224 (114/110) 4 41.7 17.89, 65.50 3.43 .001 5 83.5 .001

Chemerin mRNA expression in PCOS and no PCOS groups

Overall effect 204 (104/100) 3 0.38 0.25, 0.52 5.56 <.001 4 82.8 <.001

Abbreviations: 95% CI, 95% confidence intervals; BMI, body mass index; I2, I-squared; PCOS, polycystic ovary syndrome; WMD, weighted mean 
differences.
bSample size <30: Each study with sample size less than 30 in case or control group; Sample size >30: Each study with sample size more than 30 in 
both case and control group.
aConsidering sample size of the studies >25 or <25, serum chemerin levels compared between PCOS and no PCOS group as case and control group, 
respectively.
cSerum chemerin levels compared between PCOS group with BMI >25 or 30 and PCOS group with BMI <25 or 30, as case and control group.
dSerum chemerin levels compared between PCOS group with BMI >30 and PCOS group with BMI <30 as case and control group, respectively.
eSerum chemerin levels compared between PCOS group with BMI >25 and PCOS group with BMI <25 as case and control group, respectively.
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the lack of enough data for chemerin mRNA expression was lead to 
its evaluation only in the ovary; (7) protein expression of chemerin 
was not assessed in the present study due to the lack of enough 
data. Therefore, it was impossible to evaluate whether an enhance-
ment in ovarian chemerin mRNA expression leads to an increase in 
protein expression (protein expression was evaluated only in two 
studies (subcutaneous and omental adipose tissues in one study17 
and granulosa cells in another one)18); (8) the quality of few studies 
were high (n = 5; (9), two studies that were found in the search, due 
to lack of the abstract, full text or every substantial detail, were 
excluded (Table S3). They might have been included some impor-
tant data related to this review; and finally, of 22 studies used in 
the present review, 21 were observational studies (cross-sectional). 
Hence, it seems to be necessary to interpret the results for wider 
applications, cautiously due to the methodological deficiencies of 
the included studies.

The strengths of the present systematic review include the 
following (1) the both clinical trials and observational studies were 
inserted in the analysis; (2) serum chemerin levels were compared 
in the PCOS and control groups with regard and regardless of BMI 
or sample size; further, (3) serum chemerin levels were compared in 
PCOS groups with different BMI. In fact, the comprehensive anal-
yses in the present study were conducted due to further elucidate 
the potential relationship between chemerin and PCOS. Moreover, 
there were some strengths in the present meta-analysis in com-
parison with the recent meta-analysis conducted by Lin et al.20 In 
the present study, serum chemerin levels were compared between 
(a) PCOS and non-PCOS regardless/regard of BMI (obese/ normal 
weight) and (b) PCOS women with obesity and normal weight. It is 
notable that serum chemerin levels were assessed in 19 versus 5 
studies which were evaluated in Lin's study.20 Moreover, FF chem-
erin levels and ovarian chemerin mRNA expression were determined 
between PCOS and non-PCOS women.

But the weakness of the present study was the assessment 
of only one adipokine (chemerin) in comparison with Lin's study20 
which evaluated a panel of adipocytokines (leptin, visfatin, resistin, 
apelin, omentin, vaspin and irisin).

5  |  CONCLUSION

Serum chemerin levels were remarkably higher in women with 
PCOS compared to the controls even with subgroup analysis 
based on BMI or sample sizes. The serum chemerin levels were 
higher in women with PCOS and higher BMI compared to lower 
BMI. Moreover, FF chemerin levels and ovarian chemerin mRNA 
expression were higher in women with PCOS in comparison with 
women with non-PCOS. The present findings illustrated that 
chemerin may be associated with both PCOS status and BMI, in-
dependently. It seems to be necessary to design the prospective 
studies to control the potential confounders such as race, age, eth-
nicity and history of diseases.

ACKNOWLEDG EMENT
Not applicable.

CONFLIC T OF INTERE S T
The authors have no conflict of interest.

AUTHOR CONTRIBUTION
Anahita Mansoori: Formal analysis (lead); Software (lead); Writing-
original draft (equal). Golnaz Amoochi-Foroushani: Data curation 
(supporting); Resources (equal). Marzie Zilaee: Conceptualization 
(supporting); Methodology (equal); Validation (equal); Writing-
original draft (equal); Writing-review & editing (equal). Seyed Ahmad 
Hosseini: Methodology (equal); Writing-review & editing (equal). 
Maryam Azhdari: Conceptualization (equal); Data curation (equal); 
Methodology (supporting); Project administration (supporting); 
Software (equal); Writing-original draft (supporting); Writing-review 
& editing (supporting).

E THIC S APPROVAL AND CONSENT TO PARTICIPATE
Not applicable.

CONSENT FOR PUBLIC ATION
Not applicable.

DATA AVAIL ABILIT Y S TATEMENT
The data that support the findings of this study are available on re-
quest from the corresponding author.

ORCID
Maryam Azhdari   https://orcid.org/0000-0003-2110-9817 

R E FE R E N C E S
	 1.	 Zilaee M, Mansoori A, Hosseini SA, Mohaghegh SM, Asadi M, 

Hormoznejad R. The effects of soy isoflavones on total testoster-
one and follicle-stimulating hormone levels in women with poly-
cystic ovary syndrome: a systematic review and meta-analysis. Eur 
J Contracept Reprod Health Care. 2020;25:305-310.

	 2.	 Mumusoglu S, Yildiz BO. PCOS phenotypes and prevalence: differ-
ential impact of diagnostic criteria and clinical versus unselected 
population. Curr Opin Endocr Metab Res. 2020;12:66-71.

	 3.	 Moran LJ, Ranasinha S, Zoungas S, McNaughton SA, Brown WJ, 
Teede HJ. The contribution of diet, physical activity and sedentary 
behaviour to body mass index in women with and without polycys-
tic ovary syndrome. Hum Reprod. 2013;28(8):2276-2283.

	 4.	 ESHRE TR, Group A-SPCW. Revised 2003 consensus on diagnostic 
criteria and long-term health risks related to polycystic ovary syn-
drome. Fertil Steril. 2004;81(1):19-25.

	 5.	 Norman RJ, Dewailly D, Legro RS, Hickey TE. Polycystic ovary syn-
drome. Lancet. 2007;370(9588):685-697.

	 6.	 Roh S-G, Song S-H, Choi K-C, et al. Chemerin—a new adipokine that 
modulates adipogenesis via its own receptor. Biochem Biophys Res 
Comm. 2007;362(4):1013-1018.

	 7.	 Zabel BA, Kwitniewski M, Banas M, Zabieglo K, Murzyn K, Cichy 
J. Chemerin regulation and role in host defense. Am J Clin Exp 
Immunol. 2014;3(1):1.

	 8.	 Estienne A, Bongrani A, Reverchon M, et al. Involvement of novel 
adipokines, chemerin, visfatin, resistin and apelin in reproductive 

https://orcid.org/0000-0003-2110-9817
https://orcid.org/0000-0003-2110-9817


10 of 11  |     MANSOORI et al.

functions in normal and pathological conditions in humans and 
animal models. Int J Mol Sci. 2019;20(18):4431. 10.3390/ijms2​
0184431

	 9.	 Reverchon M, Cornuau M, Rame C, Guerif F, Royère D, Dupont 
J. Chemerin inhibits IGF-1-induced progesterone and es-
tradiol secretion in human granulosa cells. Hum Reprod. 
2012;27(6):1790-1800.

	10.	 Bongrani A, Mellouk N, Rame C, et al. Ovarian expression of adi-
pokines in polycystic ovary syndrome: a role for chemerin, omentin, 
and apelin in follicular growth arrest and ovulatory dysfunction? Int 
J Mol Sci. 2019;20(15):3778.

	11.	 Muruganandan S, Roman AA, Sinal CJ. Role of chemerin/CMKLR1 
signaling in adipogenesis and osteoblastogenesis of bone marrow 
stem cells. J Bone Miner Res. 2010;25(2):222-234.

	12.	 Mariani F, Roncucci L. Chemerin/chemR23 axis in inflammation 
onset and resolution. Inflamm Res. 2015;64(2):85-95.

	13.	 Kaur J, Adya R, Tan BK, Chen J, Randeva HS. Identification of chem-
erin receptor (ChemR23) in human endothelial cells: chemerin-
induced endothelial angiogenesis. Biochem Biophys Res Comm. 
2010;391(4):1762-1768.

	14.	 Kabil Kucur S, Kurek Eken M, Sanli I, et al. Predictive value of serum 
and follicular fluid chemerin concentrations during assisted repro-
ductive cycles in women with polycystic ovary syndrome. Gynecol 
Endocrinol. 2021;37:814-818.

	15.	 Ernst MC, Issa M, Goralski KB, Sinal CJ. Chemerin exacerbates 
glucose intolerance in mouse models of obesity and diabetes. 
Endocrinology. 2010;151(5):1998-2007.

	16.	 Huang R, Yue J, Sun Y, et al. Increased serum chemerin concen-
trations in patients with polycystic ovary syndrome: Relationship 
between insulin resistance and ovarian volume. Clin Chim Acta. 
2015;450:366-369. 10.1016/j.cca.2015.09.015

	17.	 Tan BK, Chen J, Farhatullah S, et al. Insulin and metformin regulate 
circulating and adipose tissue chemerin. Diabetes. 2009;58(9):1971-
1977. 10.2337/db08-1528

	18.	 Li X, Zhu Q, Wang W, et al. Elevated chemerin induces insulin re-
sistance in human granulosa-lutein cells from polycystic ovary syn-
drome patients. FASEB J. 2019;33(10):11303-11313.

	19.	 Stankiewicz M, Norman R. Diagnosis and management of polycys-
tic ovary syndrome. Drugs. 2006;66(7):903-912.

	20.	 Lin K, Sun X, Wang X, Wang H, Chen X. Circulating adipokine levels 
in nonobese women with polycystic ovary syndrome and in non-
obese control women: a systematic review and meta-analysis. Front 
Endocrinol. 2021;11:1000.

	21.	 Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting 
items for systematic reviews and meta-analyses: the PRISMA state-
ment. Int J Surg. 2010;8(5):336-341. 10.1016/j.ijsu.2010.02.007

	22.	 Santos CMdC, Pimenta CAdM, Nobre MRC. The PICO strategy for 
the research question construction and evidence search. Rev Lat 
Am Enfermagem. 2007;15(3):508-511.

	23.	 Carmina E. Diagnosis of polycystic ovary syndrome: from 
NIH criteria to ESHRE-ASRM guidelines. Minerva Ginecol. 
2004;56(1):1-6.

	24.	 Azziz R. Diagnosis of polycystic ovarian syndrome: the Rotterdam 
criteria are premature. J Clin Endocrinol Metab. 2006;91(3):781-785.

	25.	 Azziz R, Carmina E, Dewailly D, et al. Criteria for defining polycystic 
ovary syndrome as a predominantly hyperandrogenic syndrome: 
an androgen excess society guideline. J Clin Endocrinol Metab. 
2006;91(11):4237-4245.

	26.	 Kandil M, Selim M. Hormonal and sonographic assessment of ovar-
ian reserve before and after laparoscopic ovarian drilling in poly-
cystic ovary syndrome. BJOG. 2005;112(10):1427-1430.

	27.	 Escobar-Morreale HF. Polycystic ovary syndrome: definition, aeti-
ology, diagnosis and treatment. Nat Rev Endocrinol. 2018;14(5):270.

	28.	 Wells GA, Shea B, O’Connell D, et al. The Newcastle-Ottawa Scale 
(NOS) for Assessing the Quality of Nonrandomised Studies in Meta-
Analyses. Oxford; 2014.

	29.	 Higgins J, Green S. Cochrane handbook for systematic reviews of 
interventions. version 5.1. 0 [Internet]; The Cochrane Collaboration; 
2011. Accessed September 12, 2015. www.cochr​ane-handb​ookorg

	30.	 Wang Y, Wang H. Effects of hypothyroidism and subclinical hypo-
thyroidism on sexual function: a meta-analysis of studies using the 
female sexual function index. Sex Med. 2020;8:156-167.

	31.	 Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-
analysis. Stat Med. 2002;21(11):1539-1558.

	32.	 Martínez-García M, Montes-Nieto R, Fernández-Durán E, Insenser 
M, Luque-Ramírez M, Escobar-Morreale HF. Evidence for masculin-
ization of adipokine gene expression in visceral and subcutaneous 
adipose tissue of obese women with polycystic ovary syndrome 
(PCOS). J Clin Endocrinol Metab. 2013;98(2):E388-E396. 10.1210/
jc.2012-3414

	33.	 Kort DH, Kostolias A, Sullivan C, Lobo RA. Chemerin as a marker 
of body fat and insulin resistance in women with polycystic ovary 
syndrome. Gynecol Endocrinol. 2014;31(2):152-155. 10.3109/09513​
590.2014.968547

	34.	 Wang Y, Huang R, Li X, et al. High concentration of chemerin caused 
by ovarian hyperandrogenism may lead to poor IVF outcome 
in polycystic ovary syndrome: a pilot study. Gynecol Endocrinol. 
2019;35(12):1072-1077. 10.1080/09513​590.2019.1622087

	35.	 Abruzzese GA, Gamez J, Belli SH, et al. Increased chemerin serum 
levels in hyperandrogenic and normoandrogenic women from 
Argentina with polycystic ovary syndrome. Gynecol Endocrinol. 
2020;36:1057-1061. 10.1080/09513​590.2020.1769061

	36.	 Martínez-García M, Moncayo S, Insenser M, Álvarez-Blasco F, 
Luque-Ramírez M, Escobar-Morreale HF. Metabolic cytokines at 
fasting and during macronutrient challenges: influence of obesity, 
female androgen excess and sex. Nutrients. 2019;11(11):2566. 
10.3390/nu111​12566

	37.	 Haghighi S, Yaghmaei P, Hashemi F, Saadati N, Tehrani FR, 
Hedayati M. The association between serum chemerin con-
centration and polycystic ovarian syndrome. Tehran Univ Med J. 
2012;70(5):320-324.

	38.	 Ademoglu E, Berberoglu Z, Carlioglu A, et al. Higher levels of cir-
culating chemerin in both lean and obese patients with polycystic 
ovary syndrome. Minerva Ginecol. 2014;66(6):535-542.

	39.	 Guzel EC, Celik C, Abali R, et al. Omentin and chemerin and their 
association with obesity in women with polycystic ovary syn-
drome. Gynecol Endocrinol. 2014;30(6):419-422. 10.3109/09513​
590.2014.888412

	40.	 Wang L, Zhong Y, Ding Y, Shi X, Huang J, Zhu F. Elevated serum 
chemerin in Chinese women with hyperandrogenic PCOS. Gynecol 
Endocrinol. 2014;30(10):746-750. 10.3109/09513​590.2014.928687

	41.	 Guducu N, Gormus U, Kavak ZN, Alp E, Dunder I. Serum chemerin 
levels in women with polycystic ovary syndrome. Turk Biyokim Derg. 
2015;40(2):157-162. 10.5505/tjb.2015.39260

	42.	 Reda AM, Soud AA, El Sawaf AH, Ezzat OI, Salman TM, Sawaf HA. 
Association of altered serum levels of Chemerin, Paraoxonase-1 
(PON1), Asymmetric Dimethyl arginine (ADMA) and obesitin the 
development of Polycystic Ovarian Syndrome (PCOS) in Egyptian 
women. Indian J Pharm Biol Res. 2015;3(3):35-43.

	43.	 Yang S, Wang Q, Huang W, et al. Are serum chemerin levels dif-
ferent between obese and non-obese polycystic ovary syndrome 
women? Gynecol Endocrinol. 2015;32(1):38-41. 10.3109/09513​
590.2015.1075501

	44.	 Guvenc Y, Var A, Goker A, Kuscu NK. Assessment of serum chem-
erin, vaspin and omentin-1 levels in patients with polycystic ovary 
syndrome. J Int Med Res. 2016;44(4):796-805. 10.1177/03000​
60516​645421

	45.	 Behboudi-Gandevani S, Ramezani Tehrani F, Bidhendi Yarandi R, 
Noroozzadeh M, Hedayati M, Azizi F. The association between 
polycystic ovary syndrome, obesity, and the serum concentration 
of adipokines. J Endocrinol Invest. 2017;40(8):859-866. 10.1007/
s4061​8-017-0650-x

https://doi.org/10.3390/ijms20184431
https://doi.org/10.3390/ijms20184431
https://doi.org/10.1016/j.cca.2015.09.015
https://doi.org/10.2337/db08-1528
https://doi.org/10.1016/j.ijsu.2010.02.007
http://www.cochrane-handbookorg
https://doi.org/10.1210/jc.2012-3414
https://doi.org/10.1210/jc.2012-3414
https://doi.org/10.3109/09513590.2014.968547
https://doi.org/10.3109/09513590.2014.968547
https://doi.org/10.1080/09513590.2019.1622087
https://doi.org/10.1080/09513590.2020.1769061
https://doi.org/10.3390/nu11112566
https://doi.org/10.3109/09513590.2014.888412
https://doi.org/10.3109/09513590.2014.888412
https://doi.org/10.3109/09513590.2014.928687
https://doi.org/10.5505/tjb.2015.39260
https://doi.org/10.3109/09513590.2015.1075501
https://doi.org/10.3109/09513590.2015.1075501
https://doi.org/10.1177/0300060516645421
https://doi.org/10.1177/0300060516645421
https://doi.org/10.1007/s40618-017-0650-x
https://doi.org/10.1007/s40618-017-0650-x


    |  11 of 11MANSOORI et al.

	46.	 El-Omda FA, Emara IA, Abdel-Latef DM, Zayan RH. Level 
of chemerin and anti-Müllerian hormone in Egyptian obese 
women with polycystic ovarian syndrome. Egypt J Hosp Med. 
2018;70(7):1097-1110.

	47.	 Halawa MR, Abd El Baky RS, Eid YM, Nasr MS, Taha BM, Hendawy 
LMA. Chemerin level in a sample of Egyptian females with PCOS and 
its relation to insulin resistance. Egypt J Intern Med. 2020;32(1):1-5.

	48.	 Foda AA, Foda EA, El-Negeri MA, El-Said ZH. Serum chemerin lev-
els in polycystic ovary syndrome after metformin therapy. Diabetes 
Metab Syndr. 2019;13(2):1309-1315.

	49.	 Momenpour A, Lima PD, Chen Y-A, Tzeng C-R, Tsang BK, Anis H. 
Surface-enhanced Raman scattering for the detection of polycystic 
ovary syndrome. Biomed Opt Express. 2018;9(2):801-817.

	50.	 Rabe K, Lehrke M, Parhofer KG, Broedl UC. Adipokines and insu-
lin resistance. Mol Med. 2008;14(11–12):741-751. 10.2119/2008-
00058.Rabe

	51.	 Bozaoglu K, Bolton K, McMillan J, et al. Chemerin is a novel ad-
ipokine associated with obesity and metabolic syndrome. 
Endocrinology. 2007;148(10):4687-4694.

	52.	 Sell H, Laurencikiene J, Taube A, et al. Chemerin is a novel 
adipocyte-derived factor inducing insulin resistance in primary 
human skeletal muscle cells. Diabetes. 2009;58(12):2731-2740.

	53.	 Goralski KB, McCarthy TC, Hanniman EA, et al. Chemerin, a novel 
adipokine that regulates adipogenesis and adipocyte metabolism. J 
Biol Chem. 2007;282(38):28175-28188.

	54.	 Ernst MC, Sinal CJ. Chemerin: at the crossroads of inflammation 
and obesity. Trends Endocrinol Metab. 2010;21(11):660-667.

	55.	 Guo H, Zhang Y, Brockman DA, Hahn W, Bernlohr DA, Chen 
X. Lipocalin 2 deficiency alters estradiol production and 

estrogen receptor signaling in female mice. Endocrinology. 
2012;153(3):1183-1193.

	56.	 Wang Q, Kim JY, Xue K, Liu J-Y, Leader A, Tsang BK. Chemerin, 
a novel regulator of follicular steroidogenesis and its poten-
tial involvement in polycystic ovarian syndrome. Endocrinology. 
2012;153(11):5600-5611.

	57.	 Purcell SH, Chi MM, Moley KH. Insulin-stimulated glucose uptake 
occurs in specialized cells within the cumulus oocyte complex. 
Endocrinology. 2012;153(5):2444-2454.

SUPPORTING INFORMATION
Additional supporting information may be found in the online ver-
sion of the article at the publisher’s website.

How to cite this article: Mansoori A, Amoochi-Foroushani G, 
Zilaee M, Hosseini SA, Azhdari M. Serum and follicular fluid 
chemerin and chemerin mRNA expression in women with 
polycystic ovary syndrome: Systematic review and meta-
analysis. Endocrinol Diab Metab. 2022;5:e00307. https://doi.
org/10.1002/edm2.307

https://doi.org/10.2119/2008-00058.Rabe
https://doi.org/10.2119/2008-00058.Rabe
https://doi.org/10.1002/edm2.307
https://doi.org/10.1002/edm2.307

