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Abstract

Objective: Chemerin is a novel adipokine. Previous research has investigated the

association between chemerin and clinical indices in patients with obesity or

metabolic syndrome (MS), although the results obtained have been inconsistent.

We conducted a meta-analysis to investigate the association between chemerin

and clinical indicators of diabetes, MS and obesity with obesity or MS subjects.

Design and Methods: Studies were identified by searching the PubMed, the

Cochrane Library, EMBASE and CNKI, databases beginning with the original report

in July 2007 until the end of May 2013. For each variable, summary correlation

coefficients were estimated using random-effects or fixed-effect meta-analysis with

95% confidence interval (CI) performed by STATA software.

Results: A total of eight studies with 20 clinical variables (total n51787) met the

inclusion criteria. The meta-analyse of diabetes markers showed that FSI (rs50.26;

95% CI50.21–0.31; P50.000), 2HPG (rs50.06; 95% CI50.01–0.12; P50.030) and

HOMA-IR (rs50.178; 95% CI50.019–0.337; P50.028) were positively correlated

with chemerin, however, FPG (rs50.03, 95% CI520.02 to 0.08, P50.240) and

HbA1c (rs520.05; 95% CI520.24–0.15; P50.641) were not significantly

correlated with chemerin. The meta-analyses of MS and obesity markers indicated

that TG, TC, CRP BMI, TBF%, WC, WHR and Leptin were positively correlated with

chemerin, nevertheless, SBP, DBP, LDL-C, HDL-C, ALT and r-GT were not

significantly correlated, adiponectin was negatively correlated. Sensitivity analysis

was performed and the summary results did not change significantly.

Conclusions: The results suggest that chemerin in patients with obesity or MS

may be associated with obesity, imbalances in lipid and diabetes metabolism and
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insulin resistance. Chemerin played an important role in the pathophysiology of

obesity and MS.

Introduction

With the change of modem lifestyle and the improvement of living standards, the

prevalence of metabolic syndrome is increasing fast. Metabolic syndrome(MS), a

series of clinical symptoms, which combined with metabolic diseases, seriously

affects human health. The major clinical changes of MS include central obesity,

diabetes or sugar damage, hypertension, and dyslipidemia.Insulin resistance is a

common pathophysiological basis for MS [1].

Chemerin, a recently discovered adipocytokine, is a chemoattractant protein

that acts as a ligand for the G protein-coupled receptor CMKLR1 (also known as

ChemR23) [2]. Chemerin is a 14 kDa protein secreted in an inactive form as

prochemerin and is activated through cleavage of the C-terminus by inflammatory

and coagulation serine proteases [3]. Chemerin has been implicated in autocrine/

paracrine signaling for adipocyte differentiation and also stimulation of lipolysis

[4]. It has been shown to regulate adipocyte differentiation and modulate the

expression of adipocyte genes involved in glucose and lipid homeostasis, such as

glucose transporter-4, adiponectin and leptin [5].

A study by Fatima et al. [6] indicated that circulating chemerin levels were

significantly higher in obese subjects with BMI greater than 25 kg/m2 compared

with those with a BMI below 25 kg/m2. In morbidly obese patients undergoing

bariatric surgery, sustained reduction of chemerin serum concentrations was

associated with weight loss and improvement of metabolic parameters [7, 8]. In

human subjects, circulating chemerin was shown to be strongly associated with

multiple components of metabolic syndrome, including body mass index (BMI),

triglycerides, high-density lipoprotein cholesterol (HDL-C) and hypertension

[4, 7, 9], it was associated with systemic markers of inflammation, such as high-

sensitivity C-reactive protein (hsCRP), interleukin-6 (IL-6) and tumor necrosis

factor-a (TNF-a) [10–12]. However, the correlation analyses of Alfadda et al. [13]

showed that no correlation was found between serum chemerin concentrations

and fasting glucose, total cholesterol, low density lipoprotein cholesterol (LDL-C),

triglycerides, insulin, C-reactive protein or adiponectin. In addition, there are

many inconsistencies in the research results of correlation analyses [14].

To our knowledge, although many studies (approximately133) have been

published on serum chemerin levels in patients with obesity or MS, a meta-

analysis has not yet been performed aiming to integrate the findings of individual

studies that investigated relationships between chemerin and various clinical

indices in obesity or MS. The present meta-analysis aimed to systematically

examine the currently available evidence on the associations of chemerin

concentrations and clinical indices and to determine the associations between
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serumchemerin concentrations and indices of diabetes, MS and obesity in subjects

with obesity or MS.

Materials and Methods

Literature search and study selection

Studies were identified by searching the PubMed, the Cochrane Library, EMBASE

and China national knowledge infrastructure (CNKI) databases beginning with

the original report in July 2007 [4] until the end of May 2013 [15] using the terms

‘chemerin’ and ‘obesity’ OR ‘fat’ OR ‘metabolic syndrome’ OR ‘MS.’ References of

relevant studies were also screened for eligibility. Additionally, we manually

retrieved or wrote to authors to ask for unpublished or more complete

information. We selected English-language and Chinese-language, original

research articles that included subjects with obesity or MS.

Studies were included if serum chemerin concentrations and clinical variables

had been measured in human subjects with obesity or MS and if they included

linear regression coefficients or correlation coefficients quantifying the relation-

ship between serum Chemerin concentrations and the measured clinical variables

and if age and gender were adjusted on the linear regression analysis. Studies were

excluded if only as abstracts, reviews, duplicate publications of the same dataset or

non-original reports (unless including new data). Ten studies met the inclusion

criteria: [4, 6, 9, 12–18]. Two of the studies were later excluded because Age and

BMI were adjusted on the linear regression analysis [6, 18]. Therefore, a total of

eight independent studies were included in the meta-analyses (Fig. 1).

Data extraction

We produced a data extraction form to assemble previously defined relevant

information from the studies, including: a. the general information of included

studies (e.g. number, publication year, country, etc.); b. study characteristics (e.g.

sample size, craft, etc.); c. correlation coefficient(e.g. Pearson correlation

coefficient and Spearman correlation coefficient, etc.); d. Diabetes markers (e.g.

FPG, FSI,HOMA-IR,HbA1c, etc.); e. Obesity markers (e.g. BMI, WHR,

Adiponectin, Leptin, etc.); f. Metabolic syndrome markers (e.g. SBP, LDL-C, CRP,

r-GT, etc.) Data extraction was performed independently by two investigators. If

disagreement occurs, an independent investigator would be asked to help reach

agreement.

Data synthesis and statistical analysis

Spearman correlation coefficients were used for meta-analyses of data that had

been log transformed before analysis, because they are unaffected by monotonic

transformations such as the logarithmic transformation. Therefore the use of

Spearman correlation coefficients allowed us to include the maximum number of

studies in the meta-analyses. When necessary, published Pearson correlation
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coefficients were converted to Spearman correlation coefficients using equation

(1), which expresses the asymptotic relationship between Pearson and Spearman

correlation coefficients:

rs~
6
p

sin{1 r
2

ð1Þ

where rs is the Spearman correlation coefficient and r is the Pearson correlation

coefficient [19].

Spearman correlation coefficient sampling distribution standard error (SE)

depends on the value of the correlation coefficient. This is problematic so, the

Fisher transformation shown in equation (2) was used to convert each correlation

coefficient to an approximately normally distributed variable z with SE1
� ffiffiffiffiffiffiffiffiffiffi

n{3
p

,

where n is the sample size:

z~
1
2

ln 1zrsð Þ{ ln 1{rsð Þ½ � ð2Þ

Appropriately converted data from the studies were combined using random

effects meta-analyses [20]. The Fisher-transformed data were converted back to

the original scale to enable the data to be plotted and interpreted, by inverse

transformation shown in equation (3):

Figure 1. Selection process for studies included in the meta-analysis.

doi:10.1371/journal.pone.0113915.g001
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rs~
e2z{1ð Þ
e2zz1ð Þ ð3Þ

Forest plots were constructed to show the 95% confidence intervals (CIs) for

the correlation coefficients from each of the included studies and the combined

correlation coefficient for each meta-analysis. Heterogeneity between studies was

assessed by the I2 statistic, which represents the amount of the total variation that

can be explained by between-study variation [21, 22]. I2 values of approximately

25–50%, are considered indicative of low, 50–75% moderate and >75% of high

heterogeneity. A random effects model was performed if significant heterogeneity

(I2.50%, p,0.1) was observed between studies; Otherwise, a fixed effects model

was adopted (I2,50%, p.0.1) [21, 22]. Sensitivity analysis was performed by

removing each study in the meta analysis one at a time to detect its influence on

pooled OR. We investigated the potential sources of heterogeneity by meta-

regression analysis. All statistical analyses were performed using Stata/SE, version

12 (Stata Corporation, College Station, TX, USA).

Results

Study characteristics

Eight studies were identified and included in the analysis (Table 1). Two of the

studies were performed in America (n51014) [9, 17], one of them is Mexican -

American (n5969) [9]. Two of the studies were performed in Korea (n51 27)

[15, 16], one in China (n576) [14], one in Mauritius (n5142) [4], one in

Germany (n5303) [12] and one in Saudi Arabia (n5125) [13]. Of the included

studies, five studies reported the Spearman correlation coefficient of chemerin and

markers [9, 12, 14, 15, 17], two studies informed the Pearson correlation

coefficient [13, 16] and one reported Spearman correlation coefficient or Pearson

correlation coefficient [4].

Diabetes markers and chemerin

Six of the studies presented data on the association between FPG and chemerin

concentrations in patients with obesity or MS (total n51439; Fig. 2a) [4, 9, 13–

16]. Fig. 2a (using fixed-effects model) showed these five markers were not

significantly correlated with serum chemerin concentrations, nor was the overall

correlation coefficient statistically significant (rs50.03, 95% CI–0.02 to 0.08,

P50.240). Six researches examined the association between FSI and serum

chemerin concentrations in patients with obesity or MS (total n51439; Fig. 2b)

[4, 9, 13–16]. Four studies investigated the association between 2HPG and serum

chemerin concentrations (total n51222; Fig. 2c) [4, 9, 14, 15]. Eventually, FSI

(rs50.26; 95% CI50.21–0.31; P50.000) and 2HPG (rs50.06; 95% CI50.01–0.12;

P50.030) were positively correlated with serum chemerin concentrations. Seven
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Figure 2. Correlations between serum chemerin concentrations and diabetes markers in Obesity or MS subjects. Summaries are shown of the
correlations between serum chemerin concentrations and (a) fasting plasma glucose concentrations, (b) fasting serum insulin concentrations, (c) 2H
postprandial plasma glucose, (d) HOMA_IR and (e) Hemoglobin A1c. 95% confidence intervals (CIs) are represented by the horizontal lines, and diamonds
represent the overall estimate and 95% CI.

doi:10.1371/journal.pone.0113915.g002
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studies examined the association between HOMA-IR and serum chemerin

concentrations (total n51484; Fig. 2d) [4, 9, 13–17]. The Fig. 2d (using random-

effects model) suggested that HOMA-IR was positively correlated with serum

chemerin concentrations (rs50.178; 95% CI50.019–0.337; P50.028). Based on

sensitivity analysis, the study on the maximum of heterogeneity was excluded [9];

HOMA-IR resulted in a summary coefficient of 0.233 (95% CI50.126 to 0.341;

P50.000). Two researches investigated the association between HbA1c and serum

chemerin concentrations (total n51222; Fig. 2e) [14, 15]. On the whole, HbA1c

was not correlated with serum chemerin concentrations (rs520.05; 95%

CI520.24–0.15; P50.641).

Metabolic syndrome markers and chemerin

The TG (total n51787; Fig. 3e) and HDL (HDL; total n51787; Fig. 3d) were

measured in all eight studies [4, 9, 12–17]. Overall, TG (rs50.25; 95% CI520.16–

0.33; P50.030) was positively correlated with serum chemerin concentrations,

whereas HDL was not significantly correlated (rs520.134; 95% CI520.291–0.024;

P50.097). TC (total n51439; Fig. 3f) was analyzed in six studies [4, 9, 13–16] and

LDL (total n5504; Fig. 3c) were measured in three studies [12–14]. TC (rs50.093;

95% CI50.041–0.145; P50.000) was positively correlated with serum chemerin

concentrations, whereas LDL were not significantly correlated with serum chemerin

concentrations (rs520.003; 95% CI520.092–0.085; P50.939). TG was more

strongly correlated with serum chemerin concentrations than TC. ALT and r-GT

(total n5111; Fig. 3g, 3h) were measured in two studies [14, 15]. Overall, ALT and

r-GT were not significantly correlated with serum chemerin concentrations 0.158

(95% CI520.199–0.514; P50.387); 20.045 (95% CI520.146–0.236; P50.646).

SBP (total n51359;Fig. 3a) was measured in six studies [4, 9, 14–17] and DBP (total

n51314; Fig. 3b) was analyzed in five studies [4, 9, 14–16]. SBP (rs520.170; 95%

CI50.022–0.317; P50.025) was positively correlated with serum chemerin

concentrations, whereas DBP was not significantly correlated (rs520.151; 95%

CI520.006–0.309; P50.059). Five studies investigated the association between

CRP and serum chemerin concentrations (total n5600; Fig. 3i) [12, 13, 15–17],

CRP was positively correlated with serum chemerin concentrations (rs50.355; 95%

CI50.274–0.436; P50.000).

Obesity markers and chemerin

Six studies investigated the association between BMI and serum chemerin

concentrations in patients with obesity or MS (total n51617; Fig. 4a)

[4, 9, 12, 13, 15, 16], TBF% (total n51238; Fig. 4b) was measured in four studies

[4, 9, 15, 16], BMI (rs50.245; 95% CI50.196–0.295; P50.000) and TBF%

(rs50.241; 95% CI50.081–0.401; P50.003) were positively correlated with serum

chemerin concentrations. WC (total n5203; Fig. 4c) and WHR (total n5218;

Fig. 4d) were each measured in studies (WC: [14–16], WHR: [4, 14]). Both

showed a positive correlation with chemerin concentrations. Summary correlation

Chemerin and Obesity or Metabolic Syndrome (MS)
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coefficients were 0.388 (95% CI50.2473–0.528; P50.000) and 0.272 (95%

CI50.137–0.406; P50.000), respectively. Adiponectin and leptin concentrations

were analyzed in some studies (Adiponectin: [12, 13, 16]; leptin: [12, 14]. Leptin

was positively correlated with serum chemerin concentrations (rs50.317; 95%

CI50.221–0.413; P50.000; total n5428; Fig. 4f), whereas adiponectin was

negatively correlated with serum chemerin concentrations (rs520.214; 95%

CI520.414–0.013; P50.037; total n5520; Fig. 4e).

Sensitivity analysis

Sensitivity analysis was performed by the sequential removal of individual studies

and cumulative statistics for all comparisons of all subjects showed that the

summary results did not change significantly, indicating good stability of the

included studies.

Figure 3. Correlations between serum chemerin concentrations and metabolic syndrome markers in Obesity or MS subjects. Summaries are
shown of the correlations between chemerin concentrations and (a) systolic blood pressure, (b) diastolic blood pressure, (c) low-density lipoprotein
cholesterol, (d) high-density lipoprotein cholesterol, (e) triglyceride, (f) total cholesterol, (g) Alanine Aminotransferase, (h) r-Glutamyl Transpeptidase and (I)
C-reactive protein. 95% confidence intervals (CIs) are represented by the horizontal lines, and diamonds represent the overall estimate and 95% CI.

doi:10.1371/journal.pone.0113915.g003
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Test of heterogeneity

The heterogeneity was existent. Therefore, we performed a meta-regression

analysis to identify the sources of heterogeneity by country, correlation

coefficient(S OR P)and experimental group subjects(Obesity or MS). However,

when we categorized the heterogeneity by these factors none significantly

contributed to the observed heterogeneity.

Discussion

In order to address any association of serum chemerin concentrations with diabetes,

metabolic syndrome and obesity in obesity or MS subjects, we performed meta-

analysis of the published literature. Eight studies of high quality were selected from a

larger sample identified. Parameters of diabetes, MS and obesity were examined

after adjustment for age and gender. A significant correlation between obesity

parameters and serum chemerin concentrations in patients with obesity or MS were

affirmed by meta-analysis. Among diabetes and MS parameters, meta-analyses

confirmed a strong correlation between several diabetic and lipid metabolism

markers and serum chemerin concentrations in patients with obesity or MS.

In obesity, transformed secretion of various adipokines is closely linked to

metabolic changes that eventually result in associated metabolic diseases. Several

studies have affirmed that circulating chemerin levels are boosted in both obese

humans and obese/diabetic experimental animals and are positively correlated

with various aspects of MS [4, 23, 24]. Similar to previous reports, we found a

Figure 4. Correlations between serum chemerin concentrations and obesity markers in Obesity or MS subjects. Summaries are shown of the
correlations between chemerin concentrations and (a) body mass index, (b) total body fat (%), (c) waist circumference, (d) waist-hip ratio, (e) Adiponectin
and (f) Leptin. 95% confidence intervals (CIs) are represented by the horizontal lines, and diamonds represent the overall estimate and 95% CI.

doi:10.1371/journal.pone.0113915.g004
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positive, statistically significant correlation between circulating chemerin and

BMI. In contrast to these same studies, we found no association between

circulating chemerin and insulin resistance markers [4, 23, 24]. Nevertheless, the

meta-analysis approve that BMI and HOMA-IR are positively correlated with

serum chemerin concentrations.

As a new kind of fat cytokine and chemokine, chemerin had been demonstrated

to be strongly associated with obesity [9]. The mechanisms of chemerin in obesity

might be as follows. Firstly, chemerin could promote the differentiation of

adipocytes and metabolism. Secondly, chemerin could inhibit the decomposition

of fat to a certain extent. Thirdly, chemerin might participate in the inflammatory

immune response. Obesity could cause inflammation of adipose tissue, and serum

chemerin has characteristics of a recruited and activated immune cell [25]. It

could be presumed that serum chemerin might participate in adipose tissue

inflammation in obese individuals [26]. The research of Stejskal et al to in a

caucasian population demonstrated that serum chemerin was correlated with WC

and BMI after adjustment for age, gender, blood pressure, blood lipids, and was

consistent with the results of meta-analyses. This suggests that serum chemerin is

correlated with MS with central obesity as a characteristic, and central obesity may

be a factor in the increased plasma chemerin levels [27].

However, it is controversial whether chemerin is related to T2DM in humans. It

has been shown that chemerin in 3T3-L1 adipocytes improves insulin stimulated

glucose uptake through the insulin signaling. This suggested that chemerin may

regulate insulin sensitivity of adipose tissue [28], In that case with increase in

chemerin concentration, the concentration of insulin should decline, but the

experiment showed, FSI were positively correlated with serum chemerin. This

result may be because that it needed more chemerin to regulate insulin sensitivity

in the pathological state of diabetes and insulin resistance, so the mechanism of

the relationship between chemerin and insulin, still needs further exploration.

In addition, Takahashi M et al. approved the involvement of chemerin levels in

sex dimorphism, which indicated that the serum chemerin levels in males were

higher than those in females in a Japanese population [29]. In contrast, Bozaoglu

et al.demonstrated that the serum chemerin levels were significantly higher in

females compared with males in a Mexican-American population [9]. Stejskal et

al. showed that no significant difference was observed in the serum chemerin

levels between sexes in 55 non-obese Caucacian control subjects [27]. The reason

was inferred that the racial difference or the difference in the background of

population, i.e. BMI might affect the results, and sex hormones might regulate

serum chemerin concentration. Furthermore, aging is known to be associated

with increased weight, insulin resistance, and adiposity gain. Aging in T2DM

patients is associated with an altered chemerin secretion [30]. Consequently, the

results of meta-analysis are more reliable after adjustment for age and gender.
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Heterogeneity

Previous study declared that it was difficult to avoid heterogeneity in meta-

analysis [31]. With regard to our studies, we mentioned several problems that may

be responsible for heterogeneity: a. Different geographical locations of the

included studies: two studies were from America, two studies were from Korea,

while others were from China, Mauritius, Germany and Saudi Arabia respectively;

b. Correlation coefficient: five studies reported the Spearman correlation

coefficient, two studies reported the Pearson correlation coefficient and one

reported Spearman or Pearson correlation coefficient, all Pearson correlation

coefficients were converted to Spearman correlation coefficients using equation; c.

Different sample sizes: one of the included studies [9] had largest sample sizes

with 969 subjects, another had smallest sample sizes with 35 subjects [15].

Limitations

Results from our meta-analysis must be viewed cautiously due to its own

limitations. Firstly, we only selected English and Chinese published or

unpublished literature, thus linguistic bias exists. Secondly, given the limitation of

local libraries we only selected the literature for which original full-text was likely

to be found, which would cause selection bias. Thirdly, there were publication bias

and large statistical heterogeneity could be found among our included studies,

which might lead to the existence of bias factors. In spite of only identifying eight

studies for meta-analysis which used unequal sample sizes and different subjects of

experimental groups; as the original data were not available for further analysis,

the results should be interpreted with caution. Although these limitations, we have

tried to moderate and explain them.

Conclusions

For the present meta-analyses, 20 clinical indices in three categories (related to

diabetes, MS and obesity) were individually analysed for correlation with serum

chemerin concentrations in patients with obesity or MS. The meta-analyses

showed that all obesity markers, some MS and diabetes markers were significantly

correlated with serum chemerin concentrations, whereas few MS and diabetes

markers were not. chemerin concentrations played an important role in the

pathophysiology of obesity and metabolic syndrome.

Supporting Information

Checklist S1. PRISMA checklist.

doi:10.1371/journal.pone.0113915.s001 (DOC)

Chemerin and Obesity or Metabolic Syndrome (MS)

PLOS ONE | DOI:10.1371/journal.pone.0113915 December 3, 2014 12 / 14

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0113915.s001


Acknowledgments

We thank Prof Taixiang Wu (Chinese Cochrane Centre, Chinese Evidence-Based

Medicine Centre & Regional Clinical Epidemiology Re, West China Hospital,

Sichuan University, Chengdu, China) for his assistance with statistical data

analysis.

Author Contributions
Conceived and designed the experiments: YL BYS SLL. Performed the

experiments: YL BYS SLL. Analyzed the data: YL BYS SLL. Contributed reagents/

materials/analysis tools: YL BYS SLL. Wrote the manuscript: YL BYS.

References

1. Ford ES, Li C, Zhao G (2010) Prevalence and correlates of metabolic syndrome based on a harmonious
definition among adults in the US. J Diabetes 2: 180–193.

2. Song SH, Fukui K, Nakajima K, Kozakai T, Sasaki S, et al. (2010) Cloning, expression analysis, and
regulatory mechanisms of bovine chemerin and chemerin receptor. Domestic animal endocrinology 39:
97–105.

3. Zabel BA, Allen SJ, Kulig P, Allen JA, Cichy J, et al. (2005) Chemerin activation by serine proteases
of the coagulation, fibrinolytic, and inflammatory cascades. The Journal of biological chemistry 280:
34661–34666.

4. Bozaoglu K, Bolton K, McMillan J, Zimmet P, Jowett J, et al. (2007) Chemerin is a novel adipokine
associated with obesity and metabolic syndrome. Endocrinology 148: 4687–4694.

5. Goralski KB, McCarthy TC, Hanniman EA, Zabel BA, Butcher EC, et al. (2007) Chemerin, a novel
adipokine that regulates adipogenesis and adipocyte metabolism. The Journal of biological chemistry
282: 28175–28188.

6. Fatima SS, Bozaoglu K, Rehman R, Alam F, Memon AS (2013) Elevated chemerin levels in Pakistani
men: an interrelation with metabolic syndrome phenotypes. PloS one 8: e57113.

7. Sell H, Divoux A, Poitou C, Basdevant A, Bouillot JL, et al. (2010) Chemerin correlates with markers
for fatty liver in morbidly obese patients and strongly decreases after weight loss induced by bariatric
surgery. The Journal of clinical endocrinology and metabolism 95: 2892–2896.

8. Ress C, Tschoner A, Engl J, Klaus A, Tilg H, et al. (2010) Effect of bariatric surgery on circulating
Chemerin levels. European journal of clinical investigation 40: 277–280.

9. Bozaoglu K, Segal D, Shields KA, Cummings N, Curran JE, et al. (2009) Chemerin is associated with
metabolic syndrome phenotypes in a Mexican-American population. The Journal of clinical
endocrinology and metabolism 94: 3085–3088.

10. Wittamer V, Franssen JD, Vulcano M, Mirjolet JF, Le Poul E, et al. (2003) Specific recruitment of
antigen-presenting cells by chemerin, a novel processed ligand from human inflammatory fluids. The
Journal of experimental medicine 198: 977–985.

11. Weigert J, Neumeier M, Wanninger J, Filarsky M, Bauer S, et al. (2010) Systemic chemerin is related
to inflammation rather than obesity in type 2 diabetes. Clinical endocrinology 72: 342–348.

12. Lehrke M, Becker A, Greif M, Stark R, Laubender RP, et al. (2009) Chemerin is associated with
markers of inflammation and components of the metabolic syndrome but does not predict coronary
atherosclerosis. European journal of endocrinology/European Federation of Endocrine Societies 161:
339–344.

13. Alfadda AA, Sallam RM, Chishti MA, Moustafa AS, Fatma S, et al. (2012) Differential patterns of
serum concentration and adipose tissue expression of chemerin in obesity: adipose depot specificity and
gender dimorphism. Molecules and cells 33: 591–596.

Chemerin and Obesity or Metabolic Syndrome (MS)

PLOS ONE | DOI:10.1371/journal.pone.0113915 December 3, 2014 13 / 14



14. Wang LY, Wei L, Yu HY, Zhang Y, Jia WP (2009) Relationship of serum chemerin to obesity and type 2
diabetes mellitus. Zhonghua yi xue za zhi 89: 235–238.

15. Kim SH, Lee SH, Ahn KY, Lee DH, Suh YJ, et al. (2014) Effect of lifestyle modification on serum
chemerin concentration and its association with insulin sensitivity in overweight and obese adults with
type 2 diabetes. Clinical Clin Endocrinol (Oxf) 80: 825–833.

16. Chu SH, Lee MK, Ahn KY, Im JA, Park MS, et al. (2012) Chemerin and adiponectin contribute
reciprocally to metabolic syndrome. PloS one 7: e34710.

17. Jialal I, Devaraj S, Kaur H, Adams-Huet B, Bremer AA (2013) Increased chemerin and decreased
omentin-1 in both adipose tissue and plasma in nascent metabolic syndrome. The Journal of clinical
endocrinology and metabolism 98: E514–517.

18. Stefanov T, Bluher M, Vekova A, Bonova I, Tzvetkov S, et al. (2013) Circulating chemerin decreases
in response to a combined strength and endurance training. Endocrine 45: 382–391.

19. Rupinski MT, Dunlap WP (1996) Approximating pearson product-moment correlations from Kennall’s
tau and Spearman’s rho. Educ. Psychol. Measur 56: 419–429.

20. Wilson DB, Lipsey MW (2001) The role of method in treatment effectiveness research: evidence from
meta-analysis. Psychological methods 6: 413–429.

21. Higgins J, Thompson SG (2002) Quantifying heterogeneity in a meta-analysis. Statistics in medicine
21: 1539–1558.

22. Higgins JP, Thompson SG (2004) Controlling the risk of spurious findings from meta-regression. Stat
Med 23: 1663–1682.

23. Sell H, Divoux A, Poitou C, Basdevant A, Bouillot JL, et al. (2010) Chemerin correlates with markers
for fatty liver in morbidly obese patients and strongly decreases after weight loss induced by bariatric
surgery. J Clin Endocrinol Metab 95: 2892–2896.

24. Tan BK, Chen J, Farhatullah S, Adya R, Kaur J, et al. (2009) Insulin and metformin regulate circulating
and adipose tissue chemerin. Diabetes 58: 1971–1977.

25. Arita M, Bianchini F, Aliberti J, Sher A, Chiang N, et al. (2005) Stereochemical assignment,
antiinflammatory properties, and receptor for the omega-3 lipid mediator resolvin E1. The Journal of
experimental medicine 201: 713–722.

26. Cash JL, Hart R, Russ A, Dixon JP, Colledge WH, et al. (2008) Synthetic chemerin-derived peptides
suppress inflammation through ChemR23. The Journal of experimental medicine 205: 767–775.

27. Stejskal D, Karpisek M, Hanulova Z, Svestak M (2008) Chemerin is an independent marker of the
metabolic syndrome in a Caucasian population–a pilot study. Biomedical papers of the Medical Faculty
of the University Palacky, Olomouc, Czechoslovakia 152: 217–221.

28. Takahashi M, Takahashi Y, Takahashi K, Zolotaryov FN, Hong KS, et al. (2008) Chemerin enhances
insulin signaling and potentiates insulin-stimulated glucose uptake in 3T3-L1 adipocytes. FEBS letters
582: 573–578.

29. Takahashi M, Inomata S, Okimura Y, Iguchi G, Fukuoka H, et al. (2013) Decreased serum chemerin
levels in male Japanese patients. Endocrine Journal 60: 37–44.

30. Coimbra S, Proença JB, Santos-Silva A, Neuparth MJ (2014) Adiponectin, leptin, and chemerin in
elderly patients with type 2 diabetes mellitus: a close linkage with obesity and length of the disease.
BioMed Research International Article ID 701915.

31. Coory MD (2010) Comment on: Heterogeneity in meta-analysis should be expected and appropriately
quantified. International journal of epidemiology 39: 932; author reply 933.

Chemerin and Obesity or Metabolic Syndrome (MS)

PLOS ONE | DOI:10.1371/journal.pone.0113915 December 3, 2014 14 / 14


	Section_1
	Section_2
	Section_3
	Section_4
	Section_5
	Section_6
	Section_7
	Section_8
	Section_9
	Figure 1
	Section_10
	Section_11
	Section_12
	TABLE_1
	Figure 2
	Section_13
	Section_14
	Section_15
	Section_16
	Figure 3
	Section_17
	Figure 4
	Section_18
	Section_19
	Section_20
	Section_30
	Section_23
	Section_24
	Section_25
	Reference 1
	Reference 2
	Reference 3
	Reference 4
	Reference 5
	Reference 6
	Reference 7
	Reference 8
	Reference 9
	Reference 10
	Reference 11
	Reference 12
	Reference 13
	Reference 14
	Reference 15
	Reference 16
	Reference 17
	Reference 18
	Reference 19
	Reference 20
	Reference 21
	Reference 22
	Reference 23
	Reference 24
	Reference 25
	Reference 26
	Reference 27
	Reference 28
	Reference 29
	Reference 30
	Reference 31

