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Abstract

Background: The relationship between obstructive sleep apnea hypopnea syndrome (OSAHS) and a variety of
disease from obesity, type 2 diabetes mellitus and cardiovascular disease has been investigated previously. Reduced
adiponectin levels are also associated with increased risk of these disease. However, whether serum/plasma
adiponectin levels in OSAHS patients are lower than their counterparts remain controversial. Therefore, this study
evaluated the association between serum/plasma adiponectin levels and OSAHS.

Methods: We performed a comprehensive literature search to locate eligible articles published on electronic
databases including PubMed, EMBASE, Cochrane Library, WANFANG (Chinese database), VIP (Chinese Database) and
Chinese National Knowledge Infrastructure (CNKI). The methodological quality of included studies was evaluated
using the Newcastle-Ottawa scale (NOS). Pooled standard mean difference (SMD) with 95% confidence interval (Cl)
was calculated as effect size. Heterogeneity test was performed by Cochrane Q test and I” test. Subgroup analysis
and meta-regression analysis were employed to detect the sources of the heterogeneity. RevMan 5.3 and Stata 12.0
software were used in this meta-analysis for data synthesis.

Results: A total of 20 eligible studies with 28 databases involving 1356 participants were included in this meta-
analysis. Results revealed that serum/plasma adiponectin levels in OSAHS patients were significantly lower than that
in controls [SMD =—0.71, 95% Cl =—0.92 to — 049, p < 0.001]. Subgroup analysis indicated that the heterogeneity
would decreased when subgroup analysis was stratified by race. In addition, meta-regression analysis also
suggested that the adiponectin levels were only significantly correlated with race. The removal of any independent
study did not affect the pooled SMD in the sensitivity analysis.

Conclusion: The serum/plasma adiponectin levels were significantly lower in OSAHS patients than that in control subjects,
suggesting a possible role of adiponectin in OSAHS pathogenesis, deserves further studies as a potential marker of OSAHS.

Keywords: Obstructive sleep apnea hypopnea syndrome (OSAHS), Adiponectin, Meta-analysis

Introduction

Obstructive sleep apnea hypopnea syndrome (OSAHS), the
most frequent sleep-related breathing disorder, is character-
ized by repetitive events of partial or complete collapse of
upper airway during sleep. Clinically, it is characterized by
snoring, witnessed apneic episodes, marked sleep
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fragmentation and daytime sleepiness, which would lead to
metabolic disturbance, impaired quality of life, high mor-
bidity as well as high mortality [1]. Approximately 10% of
middle-aged men and 3% of middle-aged women are esti-
mated to have moderate-severe OSAHS in the developed
world [2]. The pathogenesis responsible for the syndrome
is not completely elucidated, but there exist multiple poten-
tial etiologies. One of the most important risk factors is
obesity, especially visceral obesity [3, 4]. In obese popula-
tion, the prevalence of OSAHS reaches up to 40-50% [5].
In addition, OSAHS is associated with insulin resistance
which can account for a further increase in metabolic

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12944-019-0973-z&domain=pdf
mailto:weiyongxiang@vip.sina.com
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/

Lu et al. Lipids in Health and Disease (2019) 18:30

syndrome especially of type 2 diabetes mellitus and
cardio-cerebrovascular diseases [6].

Adiponectin (Acrp30) is one of the common adipocy-
tokines largely secreted by adipocytes and has insulin-
sensitizing, anti-inflammatory and anti-atherosclerosis
properties [7]. Reduced levels of adiponectin are com-
monly observed in a variety of states associated with
obesity and insulin resistance, such as type 2 diabetes
mellitus. However, the relationship between OSAHS and
serum/plasma adiponectin levels is complex and multi-
directional. The complex relationship is due in part to
the fact that obesity could be a cause, consequence, or
confounding factor of OSAHS. In addition, some studies
revealed that adiponectin levels in OSAHS patients were
lower than that in non-OSAHS group [8-10]. While
Wolk et al. found that higher adiponectin levels in
OSAHS patients compared to controls [11]. Tokuda et
al. and Ursavas et al. revealed that there was no signifi-
cant difference of adiponectin levels in OSAHS patients
when compared to controls [12, 13].

Thus, we sought to perform a meta-analysis using all
available relevant studies to assess the association be-
tween adiponectin levels and OSAHS. Given that most
of the previous findings were confounded by obesity, sex
and age, we only included studies that found no statisti-
cally significant difference between OSAHS patients and
controls in terms of age, gender and body mass index
(BMI) to address these possible confounding factors.

Methods

This meta-analysis is being reported in accordance with
Preferred Reporting items for Systematic Reviews and
Meta-analysis (PRISMA) statement [14].

Search strategy

We performed a comprehensive literature search to locate
eligible articles published on electronic databases includ-
ing PubMed, EMBASE, Cochrane Library, WANFANG
(Chinese database), VIP (Chinese Database) and Chinese
National Knowledge Infrastructure (CNKI). Keywords and
search strategy were as follows: “obstructive sleep apnea
hypopnea syndrome” or “OSAHS” or “obstructive sleep
apnea” or “OSA” or “obstructive sleep apnea syndrome”
or “OSAS” or “obstructive sleep hypopnea” or “sleep
apnea” combined with “adiponectin” or “ADPN” or
“APN”. The electronic databases were searched from in-
ception through January 2018. Besides, the references
cited in these articles were reviewed to identify additional
publications. We only recruited data from fully published
articles written in English and Chinese.

Study selection
Two reviewers first independently reviewed the titles and
abstracts to identify relevant articles. A second screening
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was based on full-text articles to further see whether they
were eligible for inclusion. Any disagreement was resolved
by discussion.

Inclusion and exclusion criteria of literature
The studies that satisfied the following criteria were
included:

1) The study design was a case-control study that
must have reported values in mean and standard
deviation or median with range of adiponectin
levels;

2) The study must have included at least two separate
groups with one being a group

consisting of individuals with OSAHS and the other
consisting of individuals without OSAHS;

3) OSAHS was defined as apnea hypopnea index
(AHI) = 5;

4) All OSAHS patients were diagnosed for the first
time, without receiving any form of treatment;

5) No statistically significant difference was found
between OSAHS patients and controls in terms of
age, gender and BMI;

6) All participants were adults (age > 18 years).

The exclusion criteria were:

1) Conference abstracts, reviews articles and case
reports;

2) Original papers that did not contain precise data
about serum/plasma levels of adiponectin in
patients or controls;

3) Studies were not performed in humans;

4) Duplicate publication of articles.

Data extraction

The following information was recorded from each in-
cluded study: first author’s name, publication year, popula-
tion country, total simple size, serum/plasma adiponectin
levels in patients or controls, age, gender, BMI and assay
approaches for adiponectin levels.

Quality assessment

The methodological quality of included studies was eval-
uated using the Newcastle-Ottawa scale (NOS) by two
investigators independently. Discord was resolved by a
third reviewer. The quality scale consists of three parts:
selection, comparability and exposure assessment. The
quality score ranges from 0 to 9. In our meta-analysis,
we considered a study which is equal to or higher than 6
stars as a high-quality study.
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Table 1 Characteristics of included studies

Author Year Country N (OG/CG) Adiponectin Source Assay approach NOS
Huang et al. [26] 2004 China 84 (69/15) Serum RIA 6
Zhang et al. [8] 2005 China 86 (66/20) Serum RIA 6
Wolk et al. [11] 2005 USA 5 (26/29) Plasma RIA 7
Sharma et al. [15] 2007 India 0 (40/40) Plasma ELISA 7
Ursavas et al. [12] 2010 Turkey 0 (55/15) Serum RIA 8
Ebru et al. [16] 2011 Turkey 0 (26/24) Serum RIA 7
Oztiirk et al. [18] 2012 Turkey 4 (62/32) Serum ELISA 6
Sanchez et al. [17] 2012 Spain 41 (21/20) Plasma RIA 7
Kritikou et al. [19] 2013 USA 7 (36/31) Serum ELISA 7
Hargens et al. [10] 2013 USA 0(12/18) Serum ELISA 8
Mutairi et al. [20] 2014 Kuwait 147 (105/42) Plasma ELISA 7
Xu et al. [28] 2014 China 82 (62/20) Serum ELISA 7
Wen et al. [27] 2015 China 48 (33/15) Serum ELISA 7
Kim et al. [22] 2015 Korea 59 (37/22) Plasma RIA 7
Aratjo et al. [21] 2015 Brazil 53 (33/20) Plasma ELISA 7
Zuo et al. [29] 2016 China 89 (59/30) Serum ELISA 6
Lacedonia et al. [23] 2016 Italy 20 (10/10) Serum ELISA 7
Yang et al. [30] 2017 China 73 (35/38) Serum ELISA 7
Abdel et al. [24] 2017 Egypt 44 (22/22) Serum ELISA 7
Chen et al. [25] 2017 China 84 (69/15) Serum ELISA 8

OG OSAHS group, CG control group, N sample size, NOS Newcastle-Ottawa scale, ELISA Enzyme linked immunosorbent assay, RIA Radioimmunoassay
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Statistical analysis

Due to the inconsistency of measurement units and
assay approaches, standardized mean difference (SMD)
with 95% confidence intervals (CI) was chosen as effect
size. Heterogeneity test was performed by Cochrane Q
test and I? test. Generally, if P<0.05 (Q-test) or I* >
50%, the heterogeneity was thought to exist and then the
random-effect models would be wused. Otherwise,
fixed-effect models would be applied. An I* of 25 to 49%
was considered to represent a low level of heterogeneity,
50 to 74% a moderate level, and 75 to 100% a high level.
Subgroup analysis was performed to assess the impact of
race, adiponectin source, assay approaches, average age,
BMI and AHI. Sensitivity analysis was conducted to
evaluate the stability of pooled results. Potential publica-
tion bias was assessed by using the funnel plots, Begg’s

Table 2 Participants’ characteristics of included studies
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rank correlation method and the Egger’s linear regres-
sion method. The statistical analysis was performed with
Revman 5.3 and Statal2.0 software. P < 0.05 were con-
sidered statistically significant.

Results

Search result

A total of 397 relevant articles were preliminarily identi-
fied. After removing duplicates and screening by titles
and abstracts, 312 articles were excluded. The remaining
85 articles were projected to be assessed according to
the inclusion and exclusion criteria after reading the
full-text. Then another 65 articles were excluded due to
different reasons. Finally, a total of 20 studies with 28
datasets met inclusion criteria and were pooled for this

Author ADPN (Mean £ SD) BMI (Mean + SD), kg/m2 Age (Mean£SD), y AHI (Mean + SD)

oG CG oG CcG oG CcG 0G CcG
Huang et al. [26] 4.12+249 7.74+£442 2635+£260 2602+178 51.71+1237 5637+1149 392842280 3.67+138
Zhang et al. [8] 423+204 752+221 268+25 256+18 507129 496+9.2 368+214 24+18
Wolk et al. [11] 849 +4.69 6.32+2.96 31+£5.10 31+£539 46£5.10 46 +10.77 44 +2040 30+215
Sharma et al. [15] 49593432129 5706+36708 29.8+33 291423 423+83 433+78 3219+£994 135+061
Ursavas et al. [16] 77+52 9.1+66 325+67 316+70 51.1+89 484+116 435+267 28+15
Ebru et al.(mild) [16] 735+27 14.87 £6.17 276+18 284+245  48+27 47 +39.19 80+252 205+132
Ebru et al(mod-sev) [16]  8.04+6.55 14.87 +6.17 293+412  284+245  50+27.01 47 +39.19 544+6679  205+132
Oztirk et al.(mild) [18] 35+42 52+52 32166 313+56 488+ 106 483+108 90+26 18+£14
Oztirk et al.(mod) [18] 23£12 52+52 327+58 313£56 587+86 483108 234+46 18+14
Oztirk et al(sev) [18] 27+32 52+52 340+55 313456 500+11.7 483+108 61.6+204 1814
Sénchez et al. [17] 36.94+£2142 2947+£1588  2502+122 2471+239 4933+£1071 429+9.16 4145+183  287+151
Kritikou et al.(male) [19] 475241 4.89+255 2709+260 2660+£265 5387+£676  5239+£623  4242+2251 303+198
Kritikou et al.(female) [19] 896+ 548 11.63+6.17 31524154 3036+275 5728+600  5421+661 3394+£1878 169+ 161
Hargens et al. [10] 100+277 139+594 324+346 3161467 228+277 225+297 254+1871 22+127
Mutairi et al.(mild) [20] 1053 £741 1470+1301  433+£105 405+119  491+170 558+163 103+38 26+16
Mutairi et al.(mod) [20] 10.64 + 836 1470+1301 498+139 405+£119 530+163 558+163 180+6.9 26+16
Mutairi et al.(sev) [20] 887 +741 1470+1301 444+£168 405+119 500+148 558+163 489+ 13.1 26+16
Xu et al. [28] 798 +3.74 1343+2.04 - - 508+ 11.7 513105 1803+5.10  2.14+089
Wen et al. [27] 6.13+1.16 851+384 274+50 2746 485+1006 46+ 104 413+36 28+04
Kim et al.(mod) [22] 8.08 +1.66 890+ 263 2443+245 2388+230 38+1504 26+£691 1440+4.07  125£1.25
Kim et al.(sev) [22] 688+1.78 890+ 263 2869+405 2388+230 42+10.77 26+£691 5271+£2223 1.25+1.25
Aratjo et al. [21] 538+044 598 +£0.82 3439+£051 3451+066 3960+148  3250+209  20.16+357 2554035
Zuo et al. [29] 64+325 724+242 27350 260 £17 473+ 146 433+78 206+263 /
Lacedonia et al. [23] 6343+11.53 80.10+ 1850  27.29+241 2758+140 6280819  5880+1755 / /
Yang et al. [30] 8.13+228 1452 +4.10 24614380 2337+355 5012+1125 4930+£1070 3787+1490 /
Abdel et al. [24] 509+047 5.86+0.89 36.00£1.10 3662+ 1.14 4992+210 4755+235  3217+£2059 3.72+1.69
Chen et al.(mod) [25] 29311157 4398+2213 25354207 2551+217 4332+1195 4133+1245 3212+£1021 486+231
Chen et al.(sev) [25] 2579+ 1335 4398 +£22.13  2612+£349 2551+£217 4206+11.75 4133+1245 7247+1573 486+231

ADPN adiponectin, BMI body mass index, AHI apnea-hypopnea index
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meta-analysis [8, 10-12, 15-30]. A flow diagram of the
study selection process is presented in Fig. 1.

Characteristics of the eligible studies

A total of 20 studies involving 1356 participants (OSAHS
subjects [N =878] and controls [N =478]) were included
in our meta-analysis. The information of the first author’s
name, publication year, population country, total simple
size, assay approaches and NOS score of each study were
showed in Table 1. The information of adiponectin levels,
age, BMI and AHI are given in Table 2.

Pooled analysis

The value of I* was 73%, indicating that the studies were
moderate heterogeneous. Therefore, the random effects
model was used to combine effect size. Meta-analysis ex-
hibited that serum/plasma adiponectin levels in OSAHS
patients were significantly lower than that in controls
(SMD = -0.71, 95% CI = - 0.92 to — 0.49, p < 0.001) (Fig. 2).

Subgroup analysis

Subgroup analysis stratified by race, adiponectin source,
assay approaches, average age, BMI and AHI were per-
formed, and the results were shown in Table 3. Results
exhibited that adiponectin levels were significantly lower
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in OSAHS patients among all subgroup. In addition, we
find that I> would decrease when the subgroup analysis
was stratified by race. Thus, race may be a potential
source of heterogeneity.

Sensitivity analysis

Sensitivity analysis were performed to assess the stability
of the results (Fig. 3). The removal of any independent
study did not significantly change the pooled results, sug-
gesting these results were stable (data not shown). Pooled
analysis using random-effect model showed that pooled
SMD was -0.71 (95% CI: -0.92, - 0.49), P<0.001). The
fixed-effect model drew a similar result which pooled
SMD was - 0.66 (95% CI: -0.77 to — 0.55, P < 0.001).

Publication Bias

The funnel plot was not completely symmetrical, sug-
gesting that the present study has some slight publica-
tion bias (Fig. 4). However, the Begg’s tests (P =0.06)
and Egger’s tests (P=0.09) did not give sufficient evi-
dence that the present study had publication bias.

Meta-regression analysis
In meta-regression analysis, the outcome variable was
the SMD of adiponectin level and the covariates

Experimental Control Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

Abdel etal2017 5.09 0.47 22 586 0.89 22 3.5% -1.06 [1.70,-0.43]

Araljo etal2015 5.38 0.44 33 598 0.82 20 3.6% -0.97 [-1.56,-0.38]

Chen et alimod)2017 29.31 11.57 34 4388 2213 15 3.4% -0.93 [1.57,-0.29] -

Chen et al{sev)2017 2579 1335 35 4388 2213 15 3.4% -1.09[1.74,-0.45] —

Ebru et al.{mod-sev)2011 8.04 6.55 17 14.87 617 24 34% -1.06 [F1.72,-0.39] — =

Ebru et al{mild)2011 7.35 2.7 9 1487 617 24 2.8% -1.34[-2.18,-0.50]

Hargens etal2013 10 277 12 139 594 18 31% -0.77 [F1.53,-0.01] ]

Huang et al.2004 412 249 B9 774 442 15  36% -1.23[1.82,-0.64] —_—

Kim et al{mod)2015 A7 1.81 37 889 263 22 38% -0.79 [-1.34,-0.29] En—

Kim et al(sev)2015 6.88 178 28 898 263 22 36% -0.91 [-1.50,-0.32) -

Kritikou et al.{ferna)2013 8.96 548 16 11.63 617 13 31% -0.45[1.19,0.29] 1

Kritikou et al.{male)2013 475 2.41 20 4.89 255 18 34% -0.06 [-0.69, 0.58] T

Lacedonia et al2016 6343 1153 10 801 185 10  25% -1.04 [-1.98,-0.09]

Mutairi et al{mild)2014 10.53 741 51 147 13M 42 4.2% -0.40 [-0.81, 0.01] I

Mutairi et al{mod)2014 10.64 8.36 28 147 13M 42 4.0% -0.35[-0.83,0.13) T

Mutairi et al{sev)2014 8.87 4 25 147 13M 42 3.9% -0.581 [-1.01,-0.01] =

Sharma et al.2007 49593 32129 40 5708 36708 40 41% -0.21 [-0.65, 0.23] T

Sanchezetal 2012 36.94 2142 21 2947 1588 20 3.5% 0.39[-0.23,1.01] T

Ursavas etal.2010 7.7 52 55 41 66 15 37% -0.25[-0.82,0.32) e

Wen etal2015 6.13 116 33 851 384 15 34% -1.01 [-1.65,-0.36] -

Wolk et al.2005 8.49 469 268 B.32 296 29  38% 0.55[0.01,1.09] —

Huetal2014 7.98 374 B2 1343 204 20 37% -1.68[2.14,-1.02] -

Yang etal2017 813 2.28 35 1452 4.1 38 37% -1.88 [2.44,-1.33] I

Zhang et al.2005 4.23 204 20 752 2.21 66 37% -1.50 [2.05,-0.95] —

Zuoetal2016 6.4 3.25 59 7.24 242 30 4.1% -0.28 [0.72, 0.16) T

Oztiirk et al.imild)2012 35 4.2 25 5.2 5.2 32 3.8% -0.35[-0.88, 0.18] -

Oztiirk et al.{mod)2012 2.3 1.2 12 5.2 5.2 32 3.3% -0.63 [1.31, 0.05] -

Oztiirk et al.(sev)2012 2.7 3.2 25 5.2 5.2 32 3.8% -0.56 [-1.08,-0.02] —

Total (95% Cl) 860 733 100.0%  -0.71[-0.92,-0.49] *

Heterogeneity: Tau?= 0.24; Chi*= 100.94, df= 27 (P < 0.00001); = 73% 2 1 ! 1 2

Testfor overall effect: 2= 6.52 (P < 0.00001) Favours [experimental] Favours [control]
Fig. 2 Forest plots of studies on adiponectin levels for OSAHS patients versus controls
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Subgroup N SMD (95%Cl) z p Test of heterogeneity
?? p
Overall 28 —-0.71 (- 0.92, — 049) 6.52 <0.001 73% <0.001
Race
White 17 —-042 (- 064, -021) 3.87 <0.001 56% 0.003
Nonwhite " —1.11 (~1.40, -0.82) 748 <001 64% 0.002
Assay approaches
ELISA 19 —0.72 (-0.94, — 0.50) 6.37 <0.001 65% <0.001
RIA 9 067 (-1.17,-0.17) 263 0.009 84% <0001
Adiponectin Source
Serum 19 —0.89 (-1.13, = 0.65) 7.16 <0.001 66% <0.001
Plasma 9 -036 (- 067, —0.04) 220 003 71% <0001
BMI
BMI 230 12 —046 (-0.68, —0.23) 3.89 <0.001 49% 0.03
BMI < 30 15 —0.85 (-1.16, = 0.53) 525 <0.001 76% <0.001
Age
Age =50 13 —0.85 (-1.18, = 0.53) 515 <0.001 74% < 0.001
Age < 50 15 —0.58 (- 0.84, —0.31) 425 <0.001 69% <0.001
AHI
AHI =30 17 —0.69 (-1.00, = 0.37) 4.29 <0.001 80% <0.001
AHI <30 10 —-0.70 (- 0.97, —043) 503 <0.001 58% 0.01
Meta-analysis estimates, given named study is omitted
| Lower CI Limit OEstimate | Upper CI Limit
Abdel et al2017
Araujo et al2015
Chen et alﬁmod 2017
Chen et al(sev)2017
Ebru et al.(mod-sev)2011
Ebru et al(mild)2011
Hargens et al2013
_Huang et al.2004
Kim et a ﬁmod 2015
_ Kim et al(sev)2015
Kritikou et al.(fema)2013
Kritikou et al.(male)2013
Lacedonia et al2016

i 2014
Mutairi et al(mod)2014
Mutairi et al(sev)2014
Sharma et al.2007
Sanchez et al.2012
Ursavas et al.2010
Wen et al2015

Wolk et al.2005

Xu et al2014

Yang et al2017

Zhang et al.2005

_ Zuoetal2016
?ztlurk et al.((mlld 2012

Mutairi et al{mild

?zturk et al.(mod)2012
?ztlrk et al.(sev)2012

-0.83 -0.78 -0.67
Fig. 3 Sensitivity Analysis of studies on adiponectin levels for OSAHS patients versus controls
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Fig. 4 Funnel plot for all studies included in the meta-analysis

included publication year, race, adiponectin source, assay
approaches, average age, BMI and AHI. We can find that
the adiponectin levels were significantly correlated with
race (p=0.002), but not significantly correlated with
publication year (P =0.56), adiponectin source(P = 0.09),
assay approaches(P =0.77), average age (P=0.27), BMI
(P=0.12) and AHI (P = 0.28).

Discussion
The current meta-analysis sought to summarize all avail-
able studies on the serum/plasma adiponectin levels
among OSAHS patients and control subjects. We found
that patients with OSAHS had significantly lower
serum/plasma adiponectin levels compared with control
subjects, indicating that adiponectin may play a role in
the development of OSAHS. However, previous studies
have found uncertain results for the association between
adiponectin levels and OSAHS. Zhang et al. [8], Ebru et
al. [16], Ozturk et al. [18] and Lacedonia et al. [23] have
found OSAHS to be a potential driver of decreased adi-
ponectin levels independent of age, gender and BML
This was similar to our results. Hypoxia induced by
OSAHS has been shown to reduce adiponectin levels via
disruption of mechanisms that regulate the secretion of
adiponectin. Moreover, other factors such as insulin re-
sistance and hypoxia-induced sympathetic activation
may also play significant roles in reducing adiponectin
levels. While Sharma et al. in a cross-sectional [15] to
determine whether obesity or OSAHS is responsible for
adiponectin levels in patients with sleep disordered
breathing, they found that no significant difference was
noted in the OSAHS group compared to obese controls.
Wolk et al. [11] reported that higher adiponectin levels in
OSAHS patients compared to controls, which suggested
that OSAHS may stimulate compensatory mechanisms,
which can be considered to be protective of the cardiovas-
cular system.

Moderate heterogeneity was observed among these
studies. Therefore, subgroup analysis and meta-regression
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analysis were performed to detect the potential source of
heterogeneity. In subgroup analysis, only stratification by
race I> would result in a decrease of I* in both white and
non-white groups. In addition, meta-regression analysis
also suggested that the adiponectin levels were only sig-
nificantly related with race. We can speculate race may be
the potential source of heterogeneity in this present
meta-analysis. Therefore, the relationship between serum/
plasma adiponectin levels and OSAHS from different
races requires further investigation and especially the
exact composition of the non-white group.

To our knowledge, this is the first meta-analysis con-
ducted to assess the relationship between serum/plasma
adiponectin levels in OSAHS patients and in control sub-
jects. Most of clinical research studies have focused pri-
marily on older obese males with apnea because OSAHS is
more common in males and in overweight/obese popula-
tions [31, 32]. However, in these studies the findings were
confounded by obesity, gender and age. To address these
confounded factors, we firstly excluded the impact of age,
gender and BMI on serum/plasma adiponectin levels in
our meta-analysis. Hence, a major strength of our
meta-analysis is that no statistically significant difference
was found between OSAHS patients and controls in terms
of age, gender and BMI Another strength of this
meta-analysis is the large sample size among patients with
OSAHS. Moreover, none of the patients included had obvi-
ous coronary heart disease or chronic respiratory diseases.
Performing a subgroup analysis and meta-regression ana-
lysis to better understand the effect of race, adiponectin
source, assay approaches, average age, BMI and AHI on
the serum/plasma adiponectin levels is also another
strength of this study. However, several limitations should
be acknowledged. Even though we used a broad search
strategy, we cannot claim to have been exhaustive in re-
trieving all studies. In addition, some nonsignificant find-
ings from existing studies remain unpublished, which may
have some important information. We also found some
conference abstracts that might have been included, but
they lacked substantial details on some important data. A
major limitation of the present study is a new bias may be
introduced because of the confounding factor adjust-
ment, which would affect the accuracy of the combined
effect value. Finally, meta-analysis remains retrospective
research, which is impossible to avoid the methodo-
logical deficiencies of the included studies. Therefore,
the relationship between serum/plasma adiponectin
levels and OSAHS needs to be verified given the limited
number of studies.

In conclusion, the serum/plasma adiponectin levels
were significantly lower in OSAHS patients than that in
control subjects, suggesting a potential role of adiponec-
tin in OSAHS pathogenesis, deserves further studies as a
potential marker of OSAHS.
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