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1 | INTRODUCTION

Abstract

Visfatin levels have been reported to be abnormal in many types of cancers. However,
epidemiological studies yielded inconsistent results. Therefore, a meta-analysis was
performed to assess the association between circulating visfatin levels and cancer
risk. A systematic search was conducted for relevant studies in health-related
electronic databases up to March 2018. Data related to standard mean difference
(SMD) and overall odds ratio (ORS) were collected and analyzed. Summary SMD and
pooled OR with 95% Cls were calculated using a random-effect model. Funnel plot
and Egger’s linear regression test were conducted to examine the risk of publication
bias. A total of 27 studies with 2,693 cases and 3,040 healthy controls were included
in meta-analysis for pooling SMD analysis. The results of the meta-analysis showed a
significant higher visfatin levels in patients with various cancers than in controls, with
a pooled SMD of 0.88, 95% Cl =0.56-1.20, p = 0.000. In subgroup, metaregression,
Galbraith plot, and sensitivity analysis showed no substantial difference among all the
analyzed factors. Data from 14 studies were also used for pooling ORs analysis.
Metaresults revealed that high visfatin levels were associated with cancer risk
(OR=1.24, 95% Cl: 1.14-1.34, p=0.000). No evidence of publication bias was
observed for pooling ORs and SMD analysis. This meta-analysis indicated a significant
association between high circulating visfatin levels and increased risk of various
cancers. Visfatin may represent a potential biomarker for early detection of cancers

who may benefit from preventive treatment.Note.
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of obesity, adipose tissue undergoes some dysmetabolic changes
that can lead to chronic subclinical inflammation, insulin resistance,

Cancer represents an important public health problem in most
regions worldwide. Beyond the established cancer predisposing
factors such as genetic lesions, environmental parameters, and
unhealthy lifestyle, as crucial causes of cancer, overweight, obesity,
and metabolic syndrome are also associated with the risk of cancer.
Literature have revealed that metabolic changes related to obesity is
associated with an increased risk of cancer. It was proposed that
cancer incidence rate in obese women is much more than those in

normal weight women (Calle & Kaaks, 2004). In the process

and abnormal circulating concentrations of adipocytokines (Basen-
Engquist & Chang, 2011). It is hypothesized that abnormalities in
adipocytokines production are key regulators for the vital link
between obesity and cancer (Lohmann et al., 2016).

Adipocytokines as a group of small peptide hormonal growth
factors, secreted by adipocytes, play important regulatory role in a
wide range of biological and physiological processes, such as appetite,
inflammation, insulin sensitivity, immune system, hematopoietic

function, and vascular homostasis (Cao, 2014). Among them aberrant
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circulating level of adiponectin, leptin, resistin, and visfatin have been
extensively studied in cancer (Dalamaga & Christodoulatos, 2017).

Visfatin or nicotinamide phosphorybosiltransferase (NAMPT)
or pre-B-cell-enhancing factor has enzyme activity in the synth-
esis of cellular nicotinamide adenine dinucleotide (NAD") and
plays an important role in the regulation of cellular growth,
angiogenesis, and apoptosis in mammalian cells (Bowlby, Thomas,
D’Agostino, & Kridel, 2012; Mohammadi et al., 2015). Visfatin
overexpression has been recently found in various cancers
including colorectal, gastric, breast, prostatic, pancreas, and
esophageal cancers (Bi & Che, 2010; Dalamaga, 2012). The
downregulation of visfatin promotes apoptosis in cancer cells
and attenuates tumor growth. Therefore, specific NAMPT in-
hibitors might be adjuvant therapeutic modalities (Tan et al,
2013). Although many studies provided evidence that high visfatin
levels were associated with the risk of obesity-related cancers,
some studies observed different results. Many studies showed
visfatin levels were similar or lower in patients with cancer
compared with the normal healthy controls. Therefore, under-
standing the exact role of visfatin in cancer may offer a novel
target in tumor diagnosis and therapeutic strategy.

To the best of our knowledge, no systematic review and/or meta-
analysis has been conducted to evaluate the association between
circulating visfatin levels and the risk of cancer. Conducting a
comprehensive meta-analysis may lead to an evidence-based
quantitative assessment of the association. Hence, despite the
contradiction in the existing data from current available studies,
the current study summarized available data to gain a more explicit
and evidence-based conclusion on the association between visfatin

levels and the risk of cancer.

2 | METHODS

2.1 | Literature Search strategy and study selection

An electronic literature search of databases including PubMed,
Medline, Web of Sciences, Embase, and Scopus was conducted for
publications, in English, up to May 2018. The search terms included
“visfatin,” “NAMPT,” “PBEF,” “Visfatin/NAMPT,” “Visfatin/PBEF,”

» o« G

“cancer,” “carcinoma,” “neoplasm,” and “tumor” or their equivalents
were used individually or/and in various combinations to retrieve the
relevant literatures. In addition, the reference lists of all identified
literature were also checked to identify additional relevant articles.
This systematic literature search and subsequent meta-analysis were
planned and conducted according to the standards for reporting
meta-analysis of observational studies.

Two investigators (MM and HMM) independently reviewed the
titles and abstracts of all studies for relevance and eligibility. Ecological
studies, abstracts, unpublished reports, duplicate publications, reviews,
letters, case report, editorials, or comments were not considered
eligible. In the case of duplicate studies, the most recent or informative
study was included. Studies were considered eligible if they met the

following criteria: (a) case-control or nested case-control studies

published as original article; (b) must be reported the visfatin serum/
plasma levels in patients with any types of cancer and healthy controls;
(c) provided sufficient data to calculate standardized mean difference
(SMD) and/or odds ratio (OR) with corresponding 95% CI. Studies
were excluded, if they did not refer to cancer, serum/plasma visfatin,
and healthy controls. Also, investigations performed on animals, cells
or tissues were not included in the analysis.

2.2 | Data extraction and quality assessment

Two authors (MM and FM) were independently extracted data from
all eligible publications using a piloted data extraction sheet. Any
discordance was resolved through discussion and team consensus.
Briefly, the following information was extracted from each eligible
study: first author’s surname and year of publication, country of
origin, cancer type, study design, visfatin detection assay, number of
cases and controls, age, gender, body mass index (BMI), visfatin mean
(SD), adjusted OR (95% CIl) for the risk of cancer incidence, and
confounders adjusted in multivariate analysis. Quality assessment for
each study included was done using the Newcastle-OTTAWA Scales
(NOS) which uses a star rating system (a score of 0-9; Stang, 2010).
Studies with the score 25 considered good quality.

2.3 | Statistical analysis

The standardized mean differences (SMDs) and corresponding 95%
Cls were calculated based on the sample size, mean, and SD
extracted from eligible studies to measure the strength of the
association between circulating visfatin levels and cancer risk. If a
study only provided the median, range and/or interquartile range
(IQR), mean, and SD were estimated, as described by Wan, Wang, Liu,
and Tong (2014). The pooled ORs and 95%Cls were also calculated.
The statistical significance of the pooled OR and pooled SMD was
determined by the Z-test and considered significant for p < 0.05.
The Cochran Q statistic and inconsistency index (I%) were used

to assess the heterogeneity of effect size among different studies.

[ 13 papers were excluded because
46 potentially relevant papers chreulating visfatin bevels were not
concemimg visfatin in relation 1o | measwred in seram or plasma of the healthy
cancer risk. | controls or obesity-related cancers.

|
33 potentially relevant studics through & papers wiere excluded beeause that they
full paper review @ did not provide suflficienl information.

4

Studies included in the meta-analysis (15 papers)

25 artiches (27 studses) were included for pooling SMID
analysis

12 of which {14 studics) were included for pooling ORs
nnalysis

FIGURE 1 Procedure of article selection [Color figure can be
viewed at wileyonlinelibrary.com]
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If 1? > 50%, and p < 0.05, heterogeneity was statistically significant,

wn @ &
= z
2 § < n g and the random effects model was used, otherwise, the fixed effect
e model was applied. Sensitivity analyses was performed to assess
% the stability of the results by sequential omitting of individual
o
5 & studies in the meta-analysis. To explore the potential sources of
>
" % % < heterogeneity, subgroup analysis, based on study size, geographi-
- e 153
é § § % cal area, study quality, risk estimate adjustment, mean age, mean
o
9 i” § 2 BMI, and BMI matched status was performed. Galbraith plot and
= . £ £ 8 metaregression analysis were also used to further explore which
» E study or variables contribute substantial heterogeneity (Galbraith,
= Q
_OU § 2 1988; Stanley & Jarrell, 1989). Potential publication bias was
= ©
g : gﬁ o evaluated by using funnel plots and Egger's linear regression test.
o= © o~ . e
3 g = g e ‘g Statistical analysis were performed using Comprehensive Meta-
oo
o @ G Analysis (CMA) computer program (Biostat, Englewood, NJ) and
Ll Ll
? + H LB statistical significance was defined as a p-value <0.05.
£ 3 & g
§ < 8§
a = nE- 3 | RESULTS
It + H ©
= C wn ~ o E
£8 & 3 = 31 | Literat h
22| & d c . iterature searc
@]
w A summary of the literature selection is provided in Figure 1. In our
©
E _ g initial searches a total of 46 potentially relevant papers concerning
[=]
‘é "E » o 'é visfatin in relation to cancer risk were revealed. More detailed
&8 z z f review, resulted in exclusion of 13 papers that did not measure the
v3 o g E circulating visfatin levels in serum or plasma of the healthy controls
© = - ~
E ‘g E S § . or cancer patients. In subsequent screening steps for remained
) < ©
'_é § S ! % g articles, eight papers were excluded due to insufficient information.
S~ S~ 4+ c
33 b 20 Consequently, 25 articles with 27 studies including 2,693 patients
e (O
=~ & —_ lt_') ; with cancer and 3,040 healthy controls were included in meta-
(S N Q
% =~ o 3 03 o o analysis for pooling SMD analysis (Assiri, Kamel, & Hassanien, 2015;
[V, J— =]
3 _g g 5 g S § g Chen et al, 2014; Chen et al., 2016;; Dalamaga et al, 2012;
(] M TN
£ § = aqw § g El-Benhawy, El Moneim, & Ebeid, 2015; Fazeli et al., 2013, 2016;
©
- § 3 Gasiorowska et al., 2013; llhan et al., 2015; Li et al., 2014; Lu, Wang,
o) o
% § T o E % b Xia, & Qian, 2014; Luhn et al., 2013a; Nakajima et al., 2009, 2010a,
=i ~ o U
§ .E § % § 8 g 2010b; Nergiz Avcioglu et al., 2015; Rodrigo et al., 2017; Suga et al.,
c o g 2013; Sun et al., 2017; Tian et al,, 2013; Tsai et al., 2017; Tulubas,
] © 9
E o < < g § Mete, Oznur, & Topcu, 2013; Yu-Duan et al., 2013; Zekri, Bakr, Ezzat,
= & UV 2] o . . .
g a2 o é g Zakaria, & Elbaz, 2015; Zhang et al., 2014). Of these, 12 publications
(1]
%: o with 14 studies, provided data for ORs, were also included in our
= ' = 0
.§° 2 § § o secondary meta-analysis to estimate pooled ORs with 95% Cls (Assiri
o C — O @
o z? SE et al, 2015; Chen et al,, 2014; Chen et al, 2016; El-Benhawy et al.,
§ é’; ;ﬁ § gg E 2015; Luhn et al., 2013b; Nakajima et al, 2009, 2010a, 2010b;
L.:. § Rodrigo et al., 2017; Tian et al,, 2013; Tsai et al., 2017; Yu-Duan et al.,
L=
e o . Two articles comprised two different groups of patients an
N :“’ 2013). T ticl ised two different f patients and
(7} wn
§ O 8 g é were thus counted as two studies (Chen et al., 2016; Tsai et al.,
[s}
S T g3 2017). The general characteristics of the selected studies are
.. O
=~ 8 T‘g summarized in Table 1. All articles were published between 2009
T =] S = . .. .
-u'g S 7 g s © and 2017. With regard to the ethnicity, 16 studies had been
£ 2 & & e U ) . . )
= O uw = R conducted on Asian populations, two on African and nine on
o
) = 5 < 2 2’ Caucasians cases. A total of nine different types of cancer including;
o = 5 g . .
L] g = : § § S f‘:’ six colorectal cancer (CRC), four hepatocellular carcinoma (HCC),
P N G S . . .
E 2 =% ¢S _r;u‘ s = 2 S two gastric cancer (GC), four endometrial cancer (EC), six breast
£ ¥ N «© =2 = s
:1 I QuNW §o § g cancer (BC), two squamous cell carcinoma (SCC), one pancreatic
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figure can be viewed at wileyonlinelibrary.com]

cancer, one cutaneous T-cell lymphoma (CTCL), and one bladder
cancer (BC) were evaluated in studies included. Circulating visfatin
levels were measured in all studies using enzyme-linked immunosor-
bent assay (ELISA). Most research provided the mean and SD for
visfatin serum levels. Mean and SDs for six articles were calculated
using median, range and/or IQR (El-Benhawy et al., 2015; Nakajima
et al,, 2009, 2010a, 2010b; Nergiz Avcioglu et al., 2015; Sun et al,,
2017). The ORs of most studies were adjusted for age, gender, and
BMI. According to the NOS scoring system, 17 studies that awarded
five stars or more were considered high-quality studies, whereas the
rest 10 studies awarded lower than five stars were defined as low
quality.

3.2 | Circulating visfatin levels and carcinogenesis

Data from 27 studies were pooled to evaluate the SMD of circulating
visfatin with different cancers risk. Due to a significant amount of
heterogeneity (12 =96.71%; p = 0.000), a random-effects model was
applied. Metaresults showed a significant higher level of visfatin in
patients with cancer than in the controls (SMD = 0.88, 95% Cl = 0.56-
1.20; Figure 2a). Further, in subgroup analysis by sample size,
ethnicity, study quality, risk estimate adjustment, cancer type, mean
age, mean BMI, and BMI matched were also showed that visfatin
levels were higher in cancer cases (Table 2).

Data form 14 studies were analyzed to calculate the combined
OR. The multivariate adjusted ORs for each study and the combined
OR are presented in Figure 2b. Metaresults based on random-effects
models revealed that the high visfatin levels were associated with
cancer risk (OR=1.24, 95% Cl: 1.14-1.34, p=0.000). Reflecting a
statistically significant amount of heterogeneity subgroup analysis
was carried out next (1% = 92.24%, p < 0.0001). In subgroup analysis,
the pooled OR of visfatin levels comparing cancer cases with healthy
controls was not changed substantially (Table 3). However, in

stratified analysis based on risk estimate adjustment, no significant
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Forest plot showing the association of circulating levels of visfatin and cancer risk in pooling SMD (a) and ORs (b) analysis [Color

difference was found for two studies with no risk adjustment
(OR=1.38, 95% CI: 0.71-2.67, p=0.347).

3.3 | Heterogeneity analysis

To assess the potential sources of heterogeneity in the results,
subgroup, metaregression, Galbraith plot, and sensitivity analysis
were carry out. In stratified subgroup analysis, both the summary
SMD and pooled OR of visfatin levels did not differ substantially
according to sample size, ethnicity, study quality, risk estimate
adjustment, cancer type, mean age, mean BMI, and BMI matched
(Tables 2 and 3). Higher levels of circulating visfatin were observed in
the patients compared with controls across all subgroups. To further
investigate the potential sources of heterogeneity in the results,
exploratory univariate metaregression analyses was performed by
considering all the possible factors including sample size, ethnicity,
study quality, risk estimate adjustment, cancer type, mean age, mean
BMI, and BMI matched. Metaregression analysis revealed that
ethnicity (p=0.003) for summary SMD analysis, and ethnicity
(p=0.041) and mean age (p=0.039) for pooled OR analysis were
found to be significant contributing factors for between-study
variance (Tables 2 and 3).

Galbraith plot analysis was also performed to detect the outliers
as the potential sources of heterogeneity. For the pooling SMD
analysis, two studies (Tsai et al., 2017; Zekri et al., 2015), and for the
pooling ORs analysis, one study (Tsai et al., 2017) were detected as
the outliers and possible major contributors to high heterogeneity
(Figure 3a,b). Although excluding those studies, did not significantly
change the level of heterogeneity, but high visfatin levels were still
found in patients with cancer. Further, sensitivity analysis assessing
the effect of each study on the overall results of meta-analysis,
revealed no significant change in the direction of the ORs and
SMD effects, indicating the stability and robustness of the results
(Figure 4a,b).
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3.4 | Publication bias

Begg's funnel plot and Egger’s regression asymmetry test were used
to examine the publication bias of the meta-analysis regarding the
association of visfatin with cancer. For both pooling SMD and ORs
analysis, the visual inspection of funnel plots and Egger’s test results
provided no statistical evidence of publication bias across the

included studies (Figure 5a,b).

4 | DISCUSSION

in the

association between adipocytokines and cancers risk. Several studies

Currently, increasing evidence literature supports the
have shown the role of visfatin, as an adipokine, in different cancers.

Whether circulating visfatin levels are higher in patients with cancer

is inconsistent. Several studies have shown role of visfatin in
different cancers (Bae et al., 2006; Kim et al., 2010; Patel et al.,
2010; Wang et al, 2009). The results of this meta-analysis of
27 studies, revealed a direct association of higher circulating visfatin
levels with the risk of cancers. Despite the existence of substantial
heterogeneity across the studies included, metaresults indicated that
elevated serum visfatin levels in malignant individuals comparing to
the healthy controls can serve as a potential biomarker for early
detection of cancers. Moreover, subgroup analysis based on different
factors was also confirmed that visfatin levels independently are
associated with different cancer risk. To investigate the influence of
study features on significant between-study heterogeneity, explora-
tory analysis including Galbraith plots, metaregression, subgroup, and
sensitivity analysis were also performed to identify potential sources.

No substantial difference were observed among all the analyzed



Jowrnai of

Cellular Physiology

MOHAMMADI ET AL

1 8 Effect Sfze H ]
o ' : i "
|
lI
o0 1\
- ..' \
P“ | .
. \
A
of *|* )\ °
o1s | | e
5 I d |
£ [ =
- | ®
® a2 [ ®
2 - |
= » &
A L | \
023 . | - .

— —

o4
# Stuches Combired effect se

© Imputed data points ® CES Adpnted

Effect Sine
4 2.00 1.00 0.00 1.00 2.00 3.00 4.00
0.00 |
|
i
I
0.05 1
A
| 1
[
010 L] [ | 1
= « M1l o
- / 1
-
of | |
015 | i
B / !
£ \
& | (]
I
Toz .| \
- | i
2 [ \
a [ \
J
0.25 . | | .
J
I '.
| \
0.20 | \ ®
| 1
‘1'— —_— ;I
J
0.35 » ISP W—
0.40
& Studees Combined Effect Size

® Adjusted CES inputied Data Points

FIGURE 5 Funnel plot of the publication bias on the association of circulating visfatin and different cancers in pooling SMD analysis (a) and
pooling ORs analysis (b) [Color figure can be viewed at wileyonlinelibrary.com]

factors. Due to nonsignificant alteration in heterogeneity among the
analyzed factors, all summary estimates were calculated using
random effect models to take into account between-study variations.
Increasing evidence has shown human visfatin could regulate
angiogenesis and tumor growth. For example, recently has shown
visfatin induces exogenously gastric cancer cell proliferation and
increases hTERT (human telomerase catalytic subunit) gene expres-
sion (Mohammadi et al., 2015). In another study, in prostate cancer
cells, has shown exogenous visfatin increases proliferation of these
cells (Patel et al., 2010). Bae et al. reported in breast cancer cells,
transcription of human Visfatin genes is regulated by hypoxia inducible
factor-1, a key factor in malignant tumor progression (Bae et al., 2006).
Also, Kim et al. (2010) reported that visfatin regulates proliferation of
MCF-7 human breast cancer cells. Exogenous administration of
recombinant visfatin increased cell proliferation and DNA synthesis
rate in MCF-7 cells. Furthermore, visfatin activated G1-S phase cell
cycle progression by upregulation of cyclin D1 and cdk2 expression.
Visfatin also increased the expression of matrix metalloproteinases 2,
matrix metalloproteinases 9, and vascular endothelial growth factor
genes, suggesting that it may function in metastasis and angiogenesis
of breast cancer (Kim et al.,, 2010). Visfatin stimulates vascular smooth
muscle cell proliferation via NMN-mediated ERK1/2 and p38 signaling
(Wang et al., 2009). Zhang et al. reported that APO866, a potent
inhibitor of NAMPT, is a potent growth inhibitor against glioblastoma
through targeting NAMPT (Zhang et al.,, 2012).

According to the results of several studies it seems plausible that
visfatin levels may be associated with the incidence of obesity-related
cancer. A meta-analysis was conducted by pooling both ORs and SMD.
Higher visfatin levels were found to be associated with increased
cancer risk. To our knowledge this is the first comprehensive meta-
analysis considering the association between circulating visfatin levels
and cancer risk. Despite the existence some advantages including a
well-designed methodological issue and enrolling all available eligible
studies, the present meta-analysis has some limitations which have to

be pointed out when interpreting the results. First, all included studies

were published in English which could have influenced the pooled
results. Second, this meta-analysis is based on observational case-
control studies, which vulnerability to the potential biases and
uncontrolled confounding factors is their main inherent limitation.
Third, the significant heterogeneity across the included studies may
have reduced the reliability of the meta-analysis and thus the
conclusion should be more conservative. Although stratified subgroup
analysis was conducted, none of the included factors were confirmed
to contributing factors. Inadequate considering of the potential
confounding factors in the majority of included studies and discre-
pancy in various adjustment may also partially explain this hetero-
geneity. In addition, the possibility of publication bias in favor of
published articles with positive results may also exist.

In conclusion, the present meta-analysis indicated a significant
association between high circulating visfatin levels and increased risk
of cancers. Visfatin may serve as a potential biomarker for early
detection of cancers who may benefit from preventive treatment.
However, this need to establish the optimal cut-off value for
circulating visfatin level to identify those subjects at high risk for
different types of cancer. This may be achieved by understanding the
more subtle roles of visfatin in the progression of cancers through
conducting further well-designed studies, carefully controlled for
potential confounding factors in the future.
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