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Adiponectin is associated with poor
prognosis in carcinoma patients: evidence
from a meta-analysis
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Abstract

Background: Studies have come to conflicting conclusions about whether adiponectin (APN) expression is
associated with cancer prognosis. To help resolve this question, we meta-analyzed the available evidence.

Methods: PubMed, EMBASE, the Cochrane Library, the Chinese Biological Medical Database and the Chinese
National Knowledge Infrastructure Database were systematically searched to identify all eligible studies examining
APN expression and prognosis for patients with any type of cancer. Pooled hazard ratios (HRs) and corresponding
95 % confidence intervals (CIs) related to overall survival (OS) or disease-free survival (DFS) were calculated.

Results: Ten studies involving 999 patients were meta-analyzed. Analysis across all patients revealed no significant
association between high/positive APN expression and DFS, but they did show a significant association between
high/positive APN expression and OS (HR 1.51, 95 %CI 1.21 to 1.89). Subgroup analysis showed that high/positive
APN expression in non-Asians was significantly associated with both DFS (HR 1.36, 95 % CI 1.03 to 1.80) and OS
(HR 1.53, 95 %CI 1.20 to 1.96), but no such associations were observed in Asians. In addition, high/positive APN
expression was significantly associated with OS across all patients with hepatocellular carcinoma (HR 1.89, 95 %CI
1.20 to 2.98).

Conclusions: The available evidence suggests that high/positive APN expression is associated with poor
prognosis for patients with various carcinomas, especially for non-Asian cancer patients and for all patients with
hepatocellular carcinoma. These findings should be confirmed and extended in large, well-designed studies.
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Background
Cancer remains a frequent cause of death worldwide,
even though diagnostic and operative techniques have
improved dramatically. In 2008, approximately 12.7,000
000 people were diagnosed with cancer around the
world, and 7.6,000 000 people died from cancer-related
causes [1]. This highlights the continuing importance of
identifying prognostic factors that can better guide

survival prediction as well as treatment and management
strategies.
Large epidemiological studies have shown a significant

association of obesity with various carcinomas, including
breast, colorectal, renal, endometrial, pancreatic, esopha-
geal, and biliary [2–4]. This implies that the prevalence of
obesity, in part, which has been rising in parallel with liv-
ing standards in developed or developing countries, will
contribute to increasing incidence rates of many cancers.
One link between obesity and cancer may be adipo-

nectin (APN), also called gelatin-binding protein 28,
which is the most abundant of several adipokines se-
creted primarily by adipose tissue [5]. APN may play a
major role in cancer, and several studies suggest it may
also be a prognostic factor for cancer patients, but results
from prognostic studies have often been contradictory.
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For example, studies have shown that increased APN may
be associated with poor survival in patients with hepato-
cellular carcinoma (HCC) [6, 7], whereas a third study
found high APN expression to be associated with favor-
able prognosis in such patients [8]. One study reported
that elevated APN levels were associated with reduced
disease-free survival (DFS) of patients with breast cancer
[9], while another failed to find any significant association
between APN expression and prognosis of such patients
[10]. Other studies have similarly failed to find a signifi-
cant relationship between APN expression and survival in
patients with lung or gastric cancer [11, 12]. One study
reported an association between high APN levels and poor
survival in patients with childhood non-Hodgkin’s lymph-
oma [13].
To address more comprehensively the question of

whether APN expression is associated with cancer prog-
nosis, and to examine whether this association depends
on patient or cancer characteristics, we systematically
searched the research literature and meta-analyzed avail-
able evidence. As far as we know, this is the first re-
ported meta-analysis of the association between APN
expression and cancer prognosis.

Patients and methods
Literature searching
PubMed, EMBASE, the Cochrane Library, the Chinese
Biological Medical (CBM) database and the Chinese Na-
tional Knowledge Infrastructure (CNKI) database were
systematically searched to identify studies published
through February 30, 2015 that examined the association
between APN expression and cancer prognosis. Searches
were carried out without restrictions on publication lan-
guage using various combinations of customized terms
and the MeSH-indexed terms “adiponectin”, “prognosis”,
“outcome”, “survival”, and “cancer”. The following se-
quential search strategy was applied for each database:
(#1) ‘adiponectin’: ab, ti OR ‘APN’: ab, ti OR ‘adiponectin’/
exp; (#2) ‘survival’: ab, ti OR ‘prognosis’: ab, ti OR ‘prog-
nostic’: ab, ti OR ‘outcome’: ab, ti OR ‘prognosis’/exp OR
‘treatment outcome’/exp; (#3) ‘neoplasm’: ab, ti OR ‘can-
cer’: ab, ti OR ‘carcinoma’: ab, ti OR ‘tumor’: ab, ti OR
‘neoplasm’/exp OR ‘carcinoma’/exp; (#4) #1 AND #2 AND
#3, but search strings were adjusted accordingly for the
other databases. Reference lists in identified articles were
searched manually to identify additional studies.

Study inclusion and exclusion
Inclusion and exclusion criteria were established before
searching the literature. To be included in our meta-
analysis, studies had to (1) investigate the correlation be-
tween APN expression and prognosis of cancer patients,
and (2) provide sufficient information to obtain the

hazard ratio (HR) and 95 % confidence intervals (CIs)
related to overall survival (OS) or DFS.
Reviews, abstracts submitted to a conference, letters to

the editor, case reports and comments were excluded.
When studies reported on the same or overlapping pa-
tient populations, only the study with the most complete
data set and most rigorous methodology was used.

Data extraction
Two investigators (JXY, ZGL) independently extracted the
following data from included studies: first author’s name,
year of publication, country/region and ethnicity of study
population, type of cancer, number of patients, tumor
stage, follow-up period, method to detect APN expression,
cut-off value for APN positivity, and HRs with corre-
sponding 95%CIs. When HRs could not be directly ex-
tracted from original reports, they were extracted from
Kaplan-Meier curves as reported by Tierney et al. [14]. If
the original articles categorized APN expression levels into
tertiles, we extracted HRs and 95 %CIs relating the top
tertile to the bottom tertile, as described by Danesh et al.
[15], or we extracted HRs and 95 %CIs from Kaplan-
Meier curves. If a study reported HRs and 95 %CIs for
both univariate and multivariate analyses, only the results
of multivariate analysis were used.

Quality assessment
The quality of all eligible studies was evaluated using The
Quality In Prognosis Studies (QUIPS) tool [16, 17], which
bases its assessment on six study dimensions: study par-
ticipation, study attrition, prognostic factor measurement,
outcome measurement, confounder measurement and ap-
proaches for accounting and analyzing. For each dimen-
sion, an assessment of ‘Yes’ indicates a low risk of bias;
‘Partly’, moderate risk of bias; ‘No’, high risk of bias; and
‘Unsure’, unclear risk of bias. Each study was also assigned
an overall assessment of potential bias as low, moderate,
or high.

Statistical analysis
HRs with corresponding 95 %CIs were calculated
using RevMan 5.1.0 (The Cochrane Collaboration,
Oxford, UK) to assess the correlations between APN
expression and cancer prognosis, quantified in terms
of OS and DFS. Heterogeneity among studies was
assessed using the Q-test and I2 statistics. When
homogeneity was considered significant (Pheterogeneity ≥
0.1), a fixed-effect model was used; otherwise, a
random-effect model was used.
Subgroup analysis was also conducted according to pa-

tient ethnicity and cancer type. We planned to aggregate
together in a category of “other cancers” any studies that
were the only ones in the meta-analysis to cover a given
type of cancer.
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To assess publication bias, we performed Begg’s test [18]
and Egger’s test [19] using Stata 12.0 (Stata Corporation,
College Station, TX).

Results
Study selection and characteristics
The search strategy yielded 1066 records, from which
263 duplicate publications were eliminated and 789 were
excluded as irrelevant based on a review of titles and ab-
stracts. The remaining 14 studies were read in full to as-
sess eligibility. This led us to exclude three studies
because they failed to report sufficient information to es-
timate HRs and 95 %CIs [20–22], as well as one study
because it was a meta-analysis [23]. In the end, 10 stud-
ies were included in the meta-analysis [6–13, 24, 25]
(Fig. 1, Table 1).

Study quality
Quality assessment indicated that all 10 included studies
involved samples that were likely to represent the key

Fig. 1 Flow diagram of study selection for the meta-analysis

Table 1 Main characteristics of the studies included in the meta-analysis examining the relationship between adiponectin expression
and survival in patients with various types of cancer

Study Country Patient
number

Races St-
age

Follow-
up(m)

Detected
methoda

Cut-off value Tumor
type

Survival
analysis

Source of
HR

Analytic
method

Wang
2014 [6]

China 85 Asian I ~
IV

NA IHC Low:- ~ + High:++ ~ +++b HCC OS SC U

Siegel
2014 [7]

America 140 Non-
Asian

A
~
Cc

Median
8

RIA Low:<median(13,050 ng/
ml)High:≥median

HCC OS Report M

Cubukcu
2014 [10]

Turkey 38 Non-
Asian

I ~
III

Median
30

IHC Negative: No cells
stainedPositive:>0 % of cells
stained

BC OS, DFS Report M

Canhoroz
2014 [24]

Turkey 53 Non-
Asian

II ~
III

Mean
41

IHC Negative:<5 % of cells
stainedPositive:≥5 % of cells
stained

CRC OS, DFS SC U

Lee 2014
[9]

Korea 247 Asian I ~
IV

Median
50.4

ELISA Low:< 8.0 ng/mlHigh:≥11.8 ng/ml BC DFS Reportd M

Shin 2014
[8]

Korea 75 Asian I ~
IV

Mean
82.5

IHC Negative: No cells
stainedPositive:>0 % of cells
stained

HCC OS, DFS Report
(OS);SC
(DFS)

M

Kerenidi
2013 [11]

Greece 80 Non-
Asian

I ~
IV

NA RIA Low:<median(14.39 ng/
ml)High:≥median

LC OS Report U

Tsukada
2011 [12]

Japan 100 Asian I ~
IV

NA ELISA Low: < 7 ug/mlHigh:≥7 ug/ml GC OS SC U

Petridou
2009 [13]

Greece 121 Non-
Asian

I ~
IV

Median
74.3

RIA Low:<5.94 ug/mlHigh:≥5.94ug/ml NHL DFS, OS Report M

Ferroni
2007 [25]

Italy 60 Non-
Asian

A
~
Ce

Median
37

EIA Low:<6.39 ug/mlHigh:≥6.39ug/ml CRC DFS SC U

BC, breast cancer; CRC, colorectal cancer; HCC, hepatocellular carcinoma; GC, gastric carcinoma; LC, lung cancer; NHL, non-Hodgkin’s lymphoma; EIA, enzyme
immunoassay; ELISA, enzyme-linked immunosorbent assay; RIA, radioimmunoassay; IHC, immunohistochemistry; DFS, disease-free survival; OS overall survival; SC,
survival curves; U, univariate, M, multivariate; HR, hazard ratio; NA, not available
aDetected specimens of IHC was tumor tissue, all other specimens were serum
bSemiquantitative scoring system
cBarcelona Clinic Liver Cancer stage
dHRs and 95%CIs of the top Tertile vs. the bottom Tertile
eDukes’ stage
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characteristics of the target population of cancer pa-
tients, reported data that adequately described the sam-
ple, assessed adequately the prognostic factor(s) of
interest in study participants and used statistical analysis
appropriate to the study design. However, three studies
[6, 11, 12] did not report the duration of follow-up, so
they received an assessment of “Partly” on the dimension
of outcome measurement. In five studies [7, 8, 10, 11, 25],
important potential confounders were not matched be-
tween cases and controls analyzed. Since three of these
studies [7, 8, 10] adequately measured potential confound-
ing variables using prespecified multivariate analysis, they
were assessed with “Yes” on the dimension of confounder
measurement and accounting; the remaining two studies
[11, 25] received an assessment of “No”.
Altogether, six of the 10 studies were judged to have

low overall risk of bias, two to have moderate overall
risk of bias, and two to have high risk of bias (Table 2).

APN expression and OS
Pooling data from eight studies [6–8, 10–13, 24] showed
that high/positive expression of APN was significantly
associated with OS in patients with various carcinomas
(HR 1.51, 95 %CI 1.21 to 1.89; Fig. 2).
Subgroup analysis by patient ethnicity and tumor

type (Figs. 2 and 3) showed a significant relationship
between high/positive APN expression and OS in
non-Asian patients (HR 1.53, 95 %CI 1.20 to 1.96),
but not in Asian patients (HR 1.41, 95 %CI 0.81 to
2.46). The association between high/positive APN

expression and OS was also observed among patients
with HCC (HR 1.89, 95 %CI 1.20 to 2.98) and “other
cancers”.

APN expression and DFS
Pooling data from six studies [8–10, 13, 24, 25]
showed no significant association between high/posi-
tive APN expression and DFS in patients with various
cancers (HR 1.15, 95 %CI 0.92 to 1.45; Fig. 4). Similar
negative results were obtained in subgroup analyses
(breast cancer: HR 1.22, 95 %CI 0.77 to 1.62; Figs. 4
and 5), with the exception of analysis by patient eth-
nicity: in non-Asian cancer patients, high/positive
APN expression was significantly associated with DFS
(HR 1.36, 95 %CI 1.03 to 1.80).

Publication bias
Egger’s and Begg’s tests to assess risk of publication bias
suggested no significant risk, with the respective tests
returning P values of 0.425 and 0.386.

Discussion
Despite numerous studies examining a possible link
between APN expression and cancer prognosis, the evi-
dence remains unclear. Combining the statistical power
of 10 studies involving 999 patients, the present meta-
analysis suggests that positive/high APN expression is
not significantly associated with DFS in various carcin-
omas but is significantly associated with OS (HR 1.51,
95 %CI 1.21 to 1.89). This suggests that positive/high

Table 2 Risk of bias for each study based on QUIPS quality assessment

Study Study partici-
pation

Study
attrition

Prognostic factor
measurement

Outcome
measure-ment

Confounding
measurement and account

Analysis
approaches

Overall appraisal of
potential bias

Wang 2014
[6]

Yes Yes Yes Partly Yes Yes Moderate

Siegel 2014
[7]

Yes Yes Yes Yes Yes Yes Low

Cubukcu
2014 [10]

Yes Yes Yes Yes Yes Yes Low

Canhoroz
2014 [24]

Yes Yes Yes Yes Yes Yes Low

Lee 2014 [9] Yes Yes Yes Yes Yes Yes Low

Shin 2014 [8] Yes Yes Yes Yes Yes Yes Low

Kerenidi
2013 [11]

Yes Yes Yes Partly No Yes High

Tsukada
2011 [12]

Yes Yes Yes Partly Yes Yes Moderate

Petridou
2009 [13]

Yes Yes Yes Yes Yes Yes Low

Ferroni 2007
[25]

Yes Yes Yes Yes No Yes High

QUIPS = Quality in Prognosis Studies
Yes = a low risk of bias; Partly = moderate risk of bias; No = high risk of bias
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APN expression may be a useful biomarker to predict
poor prognosis in patients with various carcinomas.
Subgroup analyses suggest that the relationship of

APN expression with DFS and OS may depend on pa-
tient ethnicity. While APN expression was not signifi-
cantly associated with either DFS or OS among Asian
patients with various cancers, it was associated with both
outcomes in non-Asian patients (DFS, HR 1.36, 95 %CI
1.03 to 1.80; OS, HR 1.53, 95 %CI 1.20 to 1.96). This dif-
ferential ethnic effect may reflect differences in genetic
background, lifestyle, dietary habits, and environmental
factors.

Subgroup analyses further suggest that the relationship
of APN expression with DFS and OS may depend on
tumor type. Thus, high/positive APN expression had no
association with DFS in patients with breast cancer, but
correlated with OS in patients with HCC (HR 1.89, 95
%CI 1.20 to 2.98). Unfortunately our meta-analysis was
unable to provide a clear answer about a possible associ-
ation between APN expression and prognosis for other
types of cancer because too few studies in our data set
of each tumor type. This highlights the need for large,
well-controlled studies of APN expression in other
cancers.

Fig. 3 Forest plot of the relationship between APN expression and OS across all patients with different cancers

Fig. 2 Forest plot of the relationship between APN expression and OS in Asians and non-Asians with a variety of cancers
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Our findings that elevated APN expression is associ-
ated with poor cancer prognosis are consistent with a
meta-analysis of 16 prospective studies involving 14,063
subjects, which showed that high APN level is associated
with increased risk of mortality in patients with cardio-
vascular disease [26]. Prospective analysis of 1000
community-dwelling adults 65 years and older suggested
that high APN concentration is significantly associated
with increased risk of all-cause and cardiovascular
mortality [27].
These findings seem paradoxical given that many stud-

ies in vitro and in vivo have shown APN to have signifi-
cant anti-diabetic, anti-atherosclerotic, anti-inflammatory,
anti-proliferative and anti-carcinogenic activity [28].
Several mechanisms have been proposed to explain this
so-called “adiponectin paradox”. One possibility is APN
resistance: even when APN is abundantly expressed, it
may fail to protect against poor prognosis because the

APN receptor is down-regulated or the APN signaling
pathway is dysfunctional. Indeed, many patients with
HCC have liver fibrosis or cirrhosis, both of which have
been associated with APN receptor down-regulation in
liver tissue and reduced clearance of APN, resulting in a
state of APN resistance [29–31]. Another possible mech-
anism of APN resistance is that APN expression initially
increases to compensate for disease progression, but the
higher levels of APN turn out to be ineffective because of
overall deterioration of the patient’s condition [26].
A second possible explanation of the adiponectin

paradox is that APN promotes AKT-mediated activa-
tion of cancer cells [5, 6, 32]; such activation is a sig-
nificant predictor of worse survival [33, 34]. A third
possible explanation is that APN promotes angiogenesis
in tumors [35–37].
The results of our meta-analysis are consistent with

those of an earlier meta-analysis [23] involving 705 HCC

Fig. 5 Forest plot of the relationship between APN expression and DFS across all patients with different cancers. a. Forest plot of breast cancer in
fixed-effect model; b. Forest plot of cancers other than breast cancer in random-effect model

Fig. 4 Forest plot of the relationship between APN expression and DFS in Asians and non-Asians with a variety of cancers
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patients and 1390 healthy controls, which found signifi-
cantly higher serum APN levels in HCC patients than in
healthy controls. Those authors concluded, paradoxic-
ally, that elevated serum APN levels may be associated
with slower progression of HCC patients, but they did
not support their claim with survival data. The present
meta-analysis, in contrast, is based on rigorous assess-
ment of OS and DFS in the literature.
Despite its strengths, our meta-analysis has several

limitations. First, the accuracy of the meta-analysis may
be affected by the variety of APN cut-off values used to
detect expression in the included studies. Second, we ex-
tracted several HRs from survival curves or HRs for top
and bottom tertiles in the original articles, which may
have introduced small errors. Third, though our analyses
suggested no significant risk of publication bias, the
meta-analysis included a small number of studies in glo-
bal or subgroup analyses, it might result in little bias of
finding. Fourth, the patient populations were heteroge-
neous because they had different types of cancer. More-
over, different detected specimens (tumor tissue or
serum) and detected methods might also increase the
risk of bias. Therefore, these findings should be used
with caution.

Conclusions
The available evidence suggests that high/positive APN
expression is associated with poor prognosis for patients
with various carcinomas, especially for non-Asian cancer
patients and for all patients with hepatocellular carcin-
oma. Future studies should confirm and extend our
findings. In particular, large, well-designed studies are
needed to examine the possible association of APN ex-
pression with prognosis in non-HCC cancers in Asians
and non-Asians.

Competing interests
The authors declare that they have no conflicts of interest.

Authors’ contributions
The study was designed by JXY, RL. The manuscript was first written by XJY,
ZGL and then revised by RL, JYZ. QL and SFM collected the materials. JXY,
ZGL, RL, JYZ and SFM contributed with the processing of data. All authors
reviewed and approved the final manuscript.

Acknowledgements
The authors report no sources of funding.

Author details
1Department of Medical Oncology, The Cancer Institute, Affiliated Tumor
Hospital of Guangxi Medical University, No. 71, Hedi Road, Nanning, Guangxi
530021, P.R. China. 2Graduate School of Guangxi Medical University, Nanning,
Guangxi 530021, P.R. China. 3Department of Anesthesiology, The Cancer
Institute, Affiliated Tumor Hospital of Guangxi Medical University, No. 71,
Hedi Road, Nanning, Guangxi 530021, P.R. China.

Received: 9 October 2015 Accepted: 24 November 2015

References
1. Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D. Global cancer

statistics. CA Cancer J Clin. 2011;61:69–90.
2. Renehan AG, Tyson M, Egger M, Heller RF, Zwahlen M. Body-mass index

and incidence of cancer: a systematic review and meta-analysis of
prospective observational studies. Lancet. 2008;371:569–78.

3. Calle EE, Rodriguez C, Walker-Thurmond K, Thun MJ. Overweight, obesity,
and mortality from cancer in a prospectively studied cohort of U.S. adults. N
Engl J Med. 2003;348:1625–38.

4. Wolk A, Gridley G, Svensson M, Nyren O, McLaughlin JK, Fraumeni JF, et al.
A prospective study of obesity and cancer risk (Sweden). Cancer Causes
Control. 2001;12:13–21.

5. Kelesidis I, Kelesidis T, Mantzoros CS. Adiponectin and cancer: a systematic
review. Br J Cancer. 2006;94:1221–5.

6. Wang SN, Yang SF, Tsai HH, Lee KT, Yeh YT. Increased adiponectin
associated with poor survival in hepatocellular carcinoma. J Gastroenterol.
2014;49:1342–51.

7. Siegel AB, Goyal A, Salomao M, Wang S, Lee V, Hsu C, et al. Serum
Adiponectin Is Associated with Worsened Overall Survival in a Prospective
Cohort of Hepatocellular Carcinoma Patients. Oncology. 2014;88:57–68.

8. Shin E, Yu YD, Kim DS, Won NH. Adiponectin receptor expression predicts
favorable prognosis in cases of hepatocellular carcinoma. Pathol Oncol Res.
2014;20:667–75.

9. Lee SA, Sung H, Han W, Noh DY, Ahn SH, Kang D. Serum adiponectin but
not leptin at diagnosis as a predictor of breast cancer survival. Asian Pac J
Cancer Prev. 2014;15:6137–43.

10. Cubukcu E, Olmez OF, Kanat O, Kabul S, Canhoroz M, Avci N, et al.
Lack of prognostic significance of adiponectin immunohistochemical
expression in patients with riplenegative breast cancer. Wspolczesna
Onkologia. 2014;18:34–8.

11. Kerenidi T, Lada M, Tsaroucha A, Georgoulias P, Mystridou P, Gourgoulianis
KI. Clinical significance of serum adipokines levels in lung cancer. Med
Oncol. 2013;30:507.

12. Tsukada T, Fushida S, Harada S, Terai S, Yagi Y, Kinoshita J, et al. Adiponectin
receptor-1 expression is associated with good prognosis in gastric cancer. J
Exp Clin Cancer Res. 2011;30:107.

13. Petridou ET, Sergentanis TN, Dessypris N, Vlachantoni IT, Tseleni-Balafouta S,
Pourtsidis A, et al. Serum adiponectin as a predictor of childhood non-
Hodgkin’s lymphoma: a nationwide case–control study. J Clin Oncol. 2009;
27:5049–55.

14. Tierney JF, Stewart LA, Ghersi D, Burdett S, Sydes MR. Practical
methods for incorporating summary time-to-event data into meta-
analysis. Trials. 2007;8:16.

15. Danesh J, Collins R, Appleby P, Peto R. Association of fibrinogen, C-reactive
protein, albumin, or leukocyte count with coronary heart disease: meta-
analyses of prospective studies. JAMA. 1998;279:1477–82.

16. Hayden JA, Cote P, Bombardier C. Evaluation of the quality of prognosis
studies in systematic reviews. Ann Intern Med. 2006;144:427–37.

17. Hayden JA, van der Windt DA, Cartwright JL, Cote P, Bombardier C.
Assessing bias in studies of prognostic factors. Ann Intern Med. 2013;
158:280–6.

18. Begg CB, Mazumdar M. Operating characteristics of a rank correlation test
for publication bias. Biometrics. 1994;50:1088–101.

19. Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis
detected by a simple, graphical test. BMJ. 1997;315:629–34.

20. Diaz ES, Karlan BY, Li AJ. Obesity-associated adipokines correlate with
survival in epithelial ovarian cancer. Gynecol Oncol. 2013;129:353–7.

21. Shams MEE, Al-Gayyar MMH, Barakat EAME, Ebrahim MA, El-Shishtawy MM.
Circulating adiponectin: a potential prognostic marker for hepatocellular
carcinoma. Chinese-German J Clin Oncol. 2011:570–4.

22. Byeon JS, Jeong JY, Kim MJ, Lee SM, Nam WH, Myung SJ, et al. Adiponectin
and adiponectin receptor in relation to colorectal cancer progression. Int J
Cancer. 2010;127:2758–67.

23. Song RR, Gu XL. Serum adiponectin levels may be associated with the
pathogenesis of hepatocellular carcinoma. Tumour Biol. 2015;36:2983–92.

24. Canhoroz M, Kanat O, Saraydaroglu O, Buluc E, Avci N, Cubukcu E, et al.
Clinical significance of adiponectin expression in colon cancer patients. J
Cancer Res Ther. 2014;10:347–53.

25. Ferroni P, Palmirotta R, Spila A, Martini F, Raparelli V, Fossile E, et al.
Prognostic significance of adiponectin levels in non-metastatic colorectal
cancer. Anticancer Res. 2007;27:483–9.

Ye et al. Lipids in Health and Disease  (2015) 14:154 Page 7 of 8



26. Wu ZJ, Cheng YJ, Gu WJ, Aung LH. Adiponectin is associated with increased
mortality in patients with already established cardiovascular disease: a
systematic review and meta-analysis. Metabolism. 2014;63:1157–66.

27. Choi SH, Ku EJ, Hong ES, Lim S, Kim KW, Moon JH, et al. High serum
adiponectin concentration and low body mass index are significantly
associated with increased all-cause and cardiovascular mortality in an
elderly cohort, “adiponectin paradox”: The Korean Longitudinal Study on
Health and Aging (KLoSHA). Int J Cardiol. 2015;183:91–7.

28. Perrier S, Jarde T. Adiponectin, an anti-carcinogenic hormone? A systematic
review on breast, colorectal, liver and prostate cancer. Curr Med Chem.
2012;19:5501–12.

29. Derbala M, Rizk N, Al-Kaabi S, Amer A, Shebl F, Al Marri A, et al. Adiponectin
changes in HCV-Genotype 4: relation to liver histology and response to
treatment. J Viral Hepat. 2009;16:689–96.

30. Tietge UJ, Boker KH, Manns MP, Bahr MJ. Elevated circulating adiponectin
levels in liver cirrhosis are associated with reduced liver function and altered
hepatic hemodynamics. Am J Physiol Endocrinol Metab. 2004;287:E82–9.

31. Corbetta S, Redaelli A, Pozzi M, Bovo G, Ratti L, Redaelli E, et al. Fibrosis is
associated with adiponectin resistance in chronic hepatitis C virus infection.
Eur J Clin Invest. 2011;41:898–905.

32. Barb D, Neuwirth A, Mantzoros CS, Balk SP. Adiponectin signals in prostate
cancer cells through Akt to activate the mammalian target of rapamycin
pathway. Endocr Relat Cancer. 2007;14:995–1005.

33. Perez-Tenorio G, Stal O. Activation of AKT/PKB in breast cancer predicts a
worse outcome among endocrine treated patients. Br J Cancer. 2002;86:540–5.

34. Yamamoto S, Tomita Y, Hoshida Y, Morooka T, Nagano H, Dono K, et al.
Prognostic significance of activated Akt expression in pancreatic ductal
adenocarcinoma. Clin Cancer Res. 2004;10:2846–50.

35. Hebbard LW, Garlatti M, Young LJ, Cardiff RD, Oshima RG, Ranscht B. T-
cadherin supports angiogenesis and adiponectin association with the
vasculature in a mouse mammary tumor model. Cancer Res. 2008;68:1407–16.

36. Ouchi N, Kobayashi H, Kihara S, Kumada M, Sato K, Inoue T, et al.
Adiponectin stimulates angiogenesis by promoting cross-talk between
AMP-activated protein kinase and Akt signaling in endothelial cells. J Biol
Chem. 2004;279:1304–9.

37. Howard JM, Cathcart MC, Healy L, Beddy P, Muldoon C, Pidgeon GP, et al.
Leptin and adiponectin receptor expression in oesophageal cancer. Br J
Surg. 2014;101:643–52.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Ye et al. Lipids in Health and Disease  (2015) 14:154 Page 8 of 8


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Patients and methods
	Literature searching
	Study inclusion and exclusion
	Data extraction
	Quality assessment
	Statistical analysis

	Results
	Study selection and characteristics
	Study quality
	APN expression and OS
	APN expression and DFS
	Publication bias

	Discussion
	Conclusions
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References



