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Background: Some previous studies have investigated the relationship between insulin-like
growth factor-binding protein-3 polymorphism and prostate cancer (PCa) susceptibility; however, the findings from those studies remain inconsistent. Hence, the aim of this meta-analysis
was to provide a more reliable conclusion about such associations.
Methods: A meta-analysis based on twelve studies was conducted, and 8,341 PCa cases and
7,734 controls were included in this analysis. All relevant studies published till February 1,
2016, were identified by searching the databases such as PubMed, EMBASE, and Web of
Science. Data were pooled by odds ratios (ORs) with 95% confidence intervals (CIs) in order
to assess the strength of such associations. Publication bias was evaluated using Begg’s funnel
plots and Egger’s regression test.
Results: Several articles provided data only for particular genotypes; therefore, only dominant model analyses were carried out for all of these studies. Initially, the results from this
analysis indicated that rs2854744 was not associated with PCa susceptibility (OR =1.12, 95%
CI =0.996–1.2). However, after excluding one study due to its heterogeneity and publication
bias, a significant relationship was detected between rs2854744 and PCa risk (OR =1.10, 95%
CI =1.03–1.17). When stratified by genotyping method, significant results were detected only
in the Sequenom method group (OR =1.13, 95% CI =1.04–1.22). Moreover, the results from a
subgroup analysis that was conducted by using source of controls were significant only in the
population-based control group.
Conclusion: This meta-analysis suggested that the insulin-like growth factor-binding protein-3
polymorphism -202 A/C was associated with PCa susceptibility.
Keywords: IGFBP3, gene polymorphism, prostate cancer, meta-analysis

Introduction
Prostate cancer (PCa) is the most frequent malignancy and the second leading cause of
cancer-related deaths among men in industrialized countries.1,2 There were an estimated
180,890 new PCa cases and 26,120 mortalities in the United States in 2016.1 However,
the etiology of PCa is still unclear, and a series of potential risk factors, such as lifestyle,
environment, the endocrine system, advancing age, and genetic factors, might have
an effect on the risk of PCa.3–7 Recently, increasing numbers of studies have found
that genetic factors might have an association with the development of PCa, and this
result may lead to potential diagnostic and therapeutic methods.8 Accordingly, it was
revealed that common genetic polymorphisms such as single-nucleotide polymorphic
variants might be associated with sporadic cases of PCa.9
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Insulin-like growth factor-binding protein-3 (IGFBP3),
an important member of the IGFBP family, has been identified as a putative tumor suppressor with multifunctional
roles in the IGF axis.10,11 This gene encodes a protein with an
IGFBP domain and a thyroglobulin type-I domain, and this is
a single-copy gene with five exons located on chromosome
7p13 p12.11 IGF-I is a mitogen that is associated with cell proliferation, differentiation, and apoptosis.12 IGFBP3, a major
binding protein of circulating IGF-I with high affinity and
specificity, regulates its biological activities and exerts antiproliferative or proapoptotic effects through IGF-dependent
and IGF-independent mechanisms in vitro.13,14 In previous
studies, some researchers discovered a few single-nucleotide
polymorphic variants-type polymorphisms in the promoter
region of the IGFBP3 gene. Among them, A.C substitution at locus -202 (rs2854744) was the most significant,
which was closely correlated with the level of circulating
IGFBP3.15 Moreover, a growing number of studies have
reported on IGFBP3, and more attention has been paid to
its effect on carcinogenesis, because low circulating levels
of IGFBP3 have been strongly related to an increased risk
of various human cancers, including PCa.16–27 Thus, it was
hypothesized that rs2854744 was likely to have an effect on
prostate carcinogenesis.
Several studies have been conducted to elucidate the
possible association between the IGFBP3 polymorphism
and the risk of PCa. However, to date, the results remain
inconsistent or even contradictory. Hence, the present metaanalysis based on all accessible case–control studies aimed
to critically evaluate the relationship between rs2854744
and PCa risk.

Materials and methods
All relevant studies published till February 1, 2016, were
identified by searching the databases such as PubMed,
EMBASE, and Web of Science. The keywords used for
the search included “Insulin-like growth factor-binding
protein-3,” “IGFBP3 polymorphism,” “rs2854744,”
“-202 A/C,” and “prostate cancer.” All publications were
evaluated to retrieve the most eligible literature. We handsearched the reference lists of reviews or original articles to
find additional potential studies to be included in this analysis. Furthermore, only the most recent or complete studies
were selected for this meta-analysis, if the studies had partly
overlapping content or covered the same subjects.
The following were the inclusion criteria: 1) a case–
control design, 2) detected relationship between the IGFBP3
polymorphism -202 A/C and PCa susceptibility, and
3) sufficient data for the calculation of an odds ratio (OR) with
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95% confidence interval (CI). In addition, the major exclusion
criteria were as follows: 1) non-case–control studies, 2) lack
of available and complete data for genotype frequency, and
3) previous duplicated publications.

Data extraction
Two investigators (Qin and Li) independently reviewed each
manuscript and extracted useful data to determine whether
an individual study met the inclusion criteria. Any disagreement would be explored by discussion until a consensus was
reached. The following information was obtained from each
study in a standardized form: first author’s name, year of
publication, ethnicity, source of controls (population-based
or hospital-based), genotyping method, sample size of cases
and controls, genotype frequency of rs2854744 in cases and
controls, respectively, and the results of the Hardy–Weinberg
equilibrium test.

Statistical analysis

The goodness-of-fit χ2 test was used to test Hardy–Weinberg
equilibrium, and P,0.05 was regarded as significant
disequilibrium.28 Pooled ORs with 95% CIs were used to
assess the strength of associations between rs2854744 and
PCa susceptibility. The fixed effects model (Mantel–Haenszel
method) or the random effects model (DerSimonian–Laird
method) was used in the meta-analysis. If heterogeneity was
found, the random effects model would be used. Otherwise,
the fixed effects model would be used. A few studies provided data only for particular genotypes;18 therefore, only
the dominant model analyses were carried out for all the
included studies. In addition, a subgroup analysis was carried
out by using genotyping method and the source of controls.
A sensitivity analysis was conducted by finding the stability
of results to reflect the influence of the individual data sets
on the pooled ORs. The influence of publication bias was
checked by Begg’s funnel plot and examined further by
Egger’s linear regression test. P,0.05 was considered statistically significant.29 All statistical data handling processes
were carried out by using Stata software (Version 12.0;
StataCorp LP, College Station, TX, USA).

Results
Characteristics of the studies
This meta-analysis included 8,341 cases and 7,734 controls
from a total of twelve case–control studies on IGFBP3 polymorphism and PCa risk,16–27 and Table 1 lists the detailed
data from each study. All the included studies, except for
one study, suggested that the distribution of genotypes in the
controls was consistent by Hardy–Weinberg equilibrium.22
OncoTargets and Therapy 2016:9
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Table 1 Characteristics of individual studies included in the meta-analysis
Year Surname

Ethnicity

SOC Genotyping Case Control IGFBP3, case (n)

2015
2014
2011
2009
2007
2007
2006
2006
2005
2004
2003
2003

Asian
Asian
Caucasian
Asian
African
Mixed
Mixed
Mixed
Mixed
Mixed
Asian
Mixed

PB
HB
HB
HB
HB
HB
PB
PB
HB
HB
HB
HB

Zhang et al16
Qian et al17
Safarinejad et al18
Park et al19
Hernandez et al20
Hoyo et al21
Cheng et al22
Chen et al23
Schildkraut et al24
Li et al25
Wang et al26
Nam et al27

Sequenom
TaqMan
PCR–RFLP
PCR–RFLP
PCR–RFLP
PCR–RFLP
Sequenom
PCR–RFLP
PCR–RFLP
PCR–RFLP
PCR–RFLP
PCR–RFLP

3,132
664
168
225
401
97
2,279
213
100
440
307
483

2,489
702
336
225
366
93
2,255
213
92
479
272
548

rs2854744, control (n)

AA

AC

CC AC + CC AA

AC CC AC + CC

1,926
408
23
128
112
17
687
55
18
97
189
135

1,059
225
85
76
196
–
1,002
91
55
217
100
233

147
31
60
21
93
–
590
67
27
126
18
115

786
246
163
76
183
–
954
103
41
225
105
274

1,206
256
145
97
289
80
1,592
158
82
343
118
348

1,616
424
89
140
113
23
720
47
23
139
152
145

87
32
84
9
70
–
581
63
28
115
15
129

873
278
247
85
253
69
1,535
166
69
340
120
403

HWE
Y
Y
Y
Y
Y
–
N
Y
Y
Y
Y
Y

Notes: The study of Safarinejad et al18 (shown in bold) was removed later because of its heterogeneity and publication bias. The dash indicates no data.
Abbreviations: HB, hospital-based controls; HWE, Hardy–Weinberg equilibrium; IGFBP3, insulin-like growth factor-binding protein-3; PB, population-based controls;
PCR–RFLP, polymerase chain reaction–restriction fragment length polymorphism; SOC, source of controls.

Figure 1 shows the flowchart of the literature search and
selection process. In these studies, three genotyping methods
were applied: TaqMan, polymerase chain reaction–restriction
fragment length polymorphism, and Sequenom. Furthermore,
in order to distinguish between different sources of the control groups, the studies were divided into population-based
and hospital-based control groups.

Results of quantitative synthesis
Overall, initially, the results from this meta-analysis indicated that rs2854744 was not associated with the risk of PCa
(OR =1.12, 95% CI =0.996–1.26) in a random effects model
(Figure 2). Nevertheless, in order to find possible factors that
might have affected the results, heterogeneity analysis was
performed and publication bias was tested. After excluding
3RWHQWLDOO\UHOHYDQWDUWLFOHV
LGHQWLILHGWKURXJKGDWDEDVH
VHDUFKLQJ Q 

$GGLWLRQDODUWLFOHV
LGHQWLILHGWKURXJKRWKHU
VRXUFHV Q 

$UWLFOHVH[FOXGHGIRU
WLWOHDQGDEVWUDFWUHYLHZ Q  
REYLRXVLUUHOHYDQFH Q  
PHWDDQDO\VLV Q  
UHYLHZ Q 
3RWHQWLDOO\UHOHYDQWIXOOWH[WDUWLFOHV
LGHQWLILHGIRUIXUWKHUUHYLHZ Q 
$UWLFOHVH[FOXGHGIRU
LUUHOHYDQW613VLWHV Q  
QRXVDEOHGDWD Q  
QRFDVH±FRQWUROVWXGLHV Q 
'HWDLOHGDUWLFOHVLQFOXGHGLQWKH
PHWDDQDO\VLV Q 
Figure 1 Flowchart of literature search and selection process.
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one study because of its heterogeneity and publication bias,
the P-value was evaluated to be 0.131, and the fixed effects
model was consequently used. Then, the results demonstrated
that the rs2854744 polymorphism was significantly correlated with PCa (OR =1.10, 95% CI =1.03–1.17; Figure 3).
Table 2 lists all the relevant results from the present metaanalysis of associations between the rs2854744 polymorphism and PCa risk, after excluding a study by Safarinejad
et al.18 When stratified by genotyping method, the results
were positive only for the Sequenom method (dominant
model: OR =1.13, 95% CI =1.04–1.22; Figure 4A). In the
subgroup analysis that was conducted by using source of
controls, the results were significant in the population-based
control group (OR =1.12, 95% CI =1.03–1.21; Figure 4B).
Overall, this meta-analysis revealed that rs2854744 was
associated with PCa risk.

Test of heterogeneity
Before excluding a study by Safarinejad et al,18 significant
heterogeneity was observed between the included studies
(P,0.001). A Galbraith radial plot was used because of the
presence of heterogeneity (Figure 5), which indicated that a
study by Safarinejad et al18 might have generated the observed
heterogeneity. After excluding that study from the present
analysis, the overall heterogeneity was markedly decreased
(P=0.131). Moreover, subgroup analyses were performed to
reduce heterogeneity.

Publication bias
In order to assess the potential publication bias using the data
obtained from all the included articles, the Begg’s funnel
plot and Egger’s test were used. Before excluding a study by
Safarinejad et al,18 the plots were asymmetrically distributed
submit your manuscript | www.dovepress.com
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Figure 2 Forest plots of the association between IGFBP3 polymorphism and PCa susceptibility in the dominant model.
Note: Weights are obtained from random-effects model.
Abbreviations: CI, confidence interval; IGFBP3, insulin-like growth factor-binding protein-3; OR, odds ratio; PCa, prostate cancer.

25 &,

:HLJKW 

=KDQJHWDO

 



4LDQHWDO



 



3DUNHWDO

 



+HUQDQGH]HWDO

 



+R\RHWDO

 



&KHQJHWDO

 



 



 



 



 



1DPHWDO

 



2YHUDOO , 3 

 



6WXG\,'



&KHQHWDO
6FKLOGNUDXWHWDO



/LHWDO
:DQJHWDO











Figure 3 Forest plots of the association between IGFBP3 polymorphism and PCa susceptibility in the dominant model after excluding a study by Safarinejad et al18 with
heterogeneity and publication bias.
Abbreviations: CI, confidence interval; IGFBP3, insulin-like growth factor-binding protein-3; OR, odds ratio; PCa, prostate cancer.
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Sensitivity analysis

Table 2 Results from the meta-analysis of the association
between rs2854744 polymorphism and prostate cancer risk, after
the elimination of a study by Safarinejad et al18
na
Total
11
Genotyping
TaqMan
1
Sequenom
2
PCR–RFLP
8
Source of control
PB
3
HB
8

Sample
size

VA/AA versus VV;
OR (95% CI)*

P-valueb

16,075

1.10 (1.03–1.17)

0.131

1,366
10,155
4,554

0.96 (0.77–1.19)
1.13 (1.04–1.22)
1.10 (1.03–1.17)

–
0.45
0.086

10,581
5,494

1.12 (1.03–1.21)
1.07 (0.95–1.20)

0.278
0.098

Sensitivity analysis was conducted to distinguish the influence of each study on the pooled ORs, by repetition of the
meta-analysis with the exclusion of one study at a time.
Figure 7 shows the sensitivity analysis of the association,
demonstrating that the recalculated OR was not substantially
affected using the exclusion method step-by-step. Thus,
sensitivity analysis indicated that the results from this present
meta-analysis were reliable and robust.

Discussion
IGFs that correlate the regulation of cell proliferation with
apoptosis might influence carcinogenesis.30 IGFBP3 is a
predominant serum carrier protein for the IGFs and plays
an important role in regulating normal and malignant cell
growth through the binding of IGF-I, or independently of
this mechanism.13,14,31 Some previous studies have demonstrated that IGFBP3 reduces cellular proliferation and
stimulates apoptosis, mediating the bioavailability of IGF-1
in circulation.13,32 The IGFBP3 -202 A/C genetic polymorphism, which is the most common polymorphism, has been

Notes: Number of studies, P-value of Q-test for heterogeneity. *Random effects
model was used when P-value for heterogeneity test ,0.1; otherwise, fixed effects
model was used. The dash indicates no data.
Abbreviations: CI, confidence interval; HB, hospital-based controls; OR, odds
ratio; PB, population-based controls; PCR–RFLP, polymerase chain reaction–
restriction fragment length polymorphism.
a

b

in the Begg’s funnel, exhibiting a potential publication bias
(Figure 6A). However, after the elimination of that study,18
the shapes of the Funnel plots seemed symmetric and the
publication bias was obviously decreased (Figure 6B).
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Figure 4 Forest plots of subgroup analysis of the association between IGFBP3 polymorphism and PCa susceptibility in the dominant model.
Notes: (A) Stratified by genotyping method; (B) stratified by source of controls.
Abbreviations: CI, confidence interval; HB, hospital-based controls; IGFBP3, insulin-like growth factor-binding protein-3; OR, odds ratio; PB, population-based controls;
PCa, prostate cancer; PCR-RLFP, polymerase chain reaction–restriction fragment length polymorphism.

determined in order to predict the occurrence, development,
and clinical outcomes of PCa.33 In addition, some studies
suggested that PCa patients with the IGFBP -202 A/C variant
allele had lower circulating IGFBP3 levels and an increased
risk of prostate carcinogenesis, whereas other studies found

$

that these polymorphisms might play a negative role against
the increasing risk of PCa. This controversy could be caused
by several factors, including the differences in study design,
sample size, genotyping method, and statistical method.
Therefore, this meta-analysis was performed to provide a
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Figure 5 Galbraith plot of the association between IGFBP3 polymorphism and PCa susceptibility in the dominant model.
Notes: (A) Before removing a study by Safarinejad et al;18 (B) after the exclusion of the study.
Abbreviations: IGFBP3, insulin-like growth factor-binding protein-3; PCa, prostate cancer; SE, standard error.
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Figure 6 Begg’s funnel plot of publication bias test.
Notes: (A) Before omitting a study of Safarinejad et al;18 (B) after the exclusion of the study.
Abbreviations: SE, standard error; OR, odds ratio.

more reliable conclusion about such associations between
IGFBP3 polymorphisms and PCa risk.
Meta-analysis is a powerful tool that can provide superior
results compared with a single study, especially in analyzing
unexplained associations.34 As a result, it was found that there
was a strong advantage to proving the association between
rs2854744 and PCa risk by using a meta-analysis. The present meta-analysis indicated that IGFBP3 gene polymorphism
might influence PCa susceptibility.
In general, the previous case–control studies have
described the associations between IGFBP3 -202 A/C
polymorphism and PCa susceptibility.16–27 Nevertheless, the
findings were still conflicting, likely because of the relatively
small sample sizes of individual studies, the different sources
of controls, the use of various genotyping methods, and the
possible limited effect of the gene polymorphism on PCa
susceptibility. All these factors contributed to the limited
statistical power in the published studies. They suggested

that significantly increased risk of PCa was associated with
low circulating IGFBP3 levels in the hospital-based control
group.35,36 Interestingly, in this meta-analysis, the outcomes
were contrary. Therefore, a better method is required to
analyze and understand the associations between IGFBP3
polymorphisms and the risk of PCa. On the one hand, further
stratified analyses were required in this meta-analysis. On
the other hand, a meta-analysis was conducted to explain
controversial conclusion, and this analysis provided the most
comprehensive understanding of such associations to date.
After conducting the stratified analysis by the source of
controls, the results showed that IGFBP3 -202 A/C polymorphism was strongly associated with the risk of PCa only in
the population-based control group. Moreover, the control
groups included both healthy individuals and patients with
diseases other than PCa. It was likely that different individuals in the control group might have different risks of developing PCa in subsequent years. This might affect the quality
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Figure 7 Sensitivity analysis under the dominant model.
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of the studies and make their results unreliable. Therefore,
further research should analyze a population-based control
group as far as possible in the future. In addition, unified
enrollment criteria are required, and relevant studies with
larger sample sizes should be selected.
In the subgroup analysis by genotyping method, a statistically significant increased risk of PCa was found in the
Sequenom method group, but not in TaqMan or polymerase
chain reaction–restriction fragment length polymorphism.
Different genotyping methods have their own advantages,
which might lead to different statistical results. In addition,
the Sequenom method offers the advantage of discovering
one site at a time, but it may lack the accuracy provided by
TaqMan or polymerase chain reaction–restriction fragment
length polymorphism. Therefore, only including studies
conducted by using the same genotyping method would make
the meta-analysis results more significant and reliable.
Although we had sufficient and robust statistical evidence
in this analysis, including a large sample size that permitted
weak associations to be estimated, some limitations of this
analysis should be considered. First, the results were based
on unadjusted estimates, but the effect of multiple confounders such as age, lifestyle, and environmental factors should
be taken into consideration. Second, the majority of studies
included were investigated in mixed populations, suggesting
that the results of the analysis should be cautiously interpreted. Therefore, future research should pay attention to
the influence of ethnicity factors. Furthermore, owing to the
limited data for some genotypes, only the dominant model
analysis could be used in all the included studies.
Thus, further studies providing comprehensive and
detailed data for all the genotypes and models are required.
Moreover, in this analysis, the controls were not uniformly
defined, and they included both healthy individuals and
patients with other diseases. Hence, it was found that nondifferential misclassification existed, because the control
populations in these studies may have had different risks
for developing PCa in the future. Furthermore, the number
of studies in some subgroups was relatively small in the
stratified analyses, resulting in insufficient statistical power
to explore the potential association. Hence, the findings
from this analysis need to be further confirmed with a sufficiently large number of participants in order to substantiate
the previously reported associations in the existing, welldesigned studies.

Conclusion
This meta-analysis provided statistical evidence supporting
the contention that the IGFBP3 -202 A/C gene polymorphism
5458
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decreased PCa susceptibility, especially in studies with
population-based controls and those used the Sequenom
method. Therefore, screening for the IGFBP3 -202 A/C
polymorphism might be a promising detection technology
for assessing the risk of developing PCa.
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