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Abstract

Background: Many epidemiological studies have suggested that insulin-like growth factor1 (IGF1) gene single-
nucleotide polymorphisms (SNPs) may be associated with cancer risk. Among several commonly studied
polymorphisms in IGF1 gene, rs2195239 and rs2162679 attracted many attentions. So we perform a meta-analysis to
determine potential associations between IGF1 rs2195239 and rs2162679 polymorphisms and cancer risk.

Methods: We retrieved relevant articles from the PubMed, Embase, and Web of Science databases up to April 30, 2018.
Ultimately, thirteen studies were included in the present meta-analysis, which involved 12,515 cases and 19,651 controls.
The odd ratios (ORs) and their 95% confidence intervals (CIs) were pooled to estimate the strength of the associations.

Results: rs2195239 reduces the overall cancer risk in homozygote model, as well as reducing cancer risk in Asian
populations in allele, homozygote, and recessive models. No significant relationship was found between rs2195239 and
breast or pancreatic cancer risk. rs2162679 reduces the overall cancer risk in allele, homozygote, dominant, and recessive
models, as well as reducing cancer risk in Asian populations in allele, homozygote, and recessive models.

Conclusions: IGF1 rs2195239 and rs2162679 were associated with overall cancer risk based on present studies.
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Background
Insulin-like growth factor1 (IGF1) plays an important role
in promoting cell proliferation and inhibiting apoptosis
[1]. IGF1 is produced mainly by the liver tissue and is
secreted into the circulation [2]. Epidemiological studies
have shown that IGF1 is involved in tumor development,
high concentrations of serum IGF1 are related to the in-
creased risk of several types of cancer, supporting a poten-
tial role on the part of IGF1 in cancer development [3–5].
IGF1 is located on 12q22–24.1, having no strong linkage

disequilibrium with nearby genes [6]. Studies of twins
have indicated that 40~60% of the inter-individual vari-
ability in IGF1 levels in the circulation depends on genetic

factors [7–10]. Single-nucleotide polymorphisms (SNPs)
are the important part of genetic variability among indi-
viduals. Several IGF1 SNPs have been reported to be asso-
ciated with elevated IGF1 levels in the circulation [11–13].
Recently, many studies have described the relationship

between the IGF1 gene rs2195239 and rs2162679 polymor-
phisms and the risks of various cancers [14–23]. However,
the results of the relevant studies are inconsistent. In
addition, prior studies regarding the relationship between
the rs2195239 and rs2162679 polymorphisms and cancer
risk are limited in terms of sample size and thus, stat-
istical power. We performed the present meta-analysis
to more precisely describe the relationship between
the IGF1 rs2195239 and rs2162679 polymorphisms
and cancer risk.
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Methods
Publication search
Relevant articles published prior to April 30, 2018 were
identified by searching the PubMed, Embase, and Web
of Science databases. The key terms used in the search
were: “IGF1 or IGF-1 or insulin-like growth factor 1,”
“variant or mutation or SNP or polymorphism,” and
“cancer or tumor or neoplasm or carcinoma.” Further-
more, we manually checked the reference in the identi-
fied articles to identify additional available studies. Our
search was restricted to articles written in the English
language.

Inclusion and exclusion criteria
The included articles had to: 1) concern the relationship be-
tween the IGF1 polymorphisms rs2195239 and rs2162679
and cancer risk, 2) be case-control or cohort studies, 3)
contain sufficient data on genotype distribution. We ex-
cluded comments, editorials, reviews, meta-analyses, and
studies lacking sufficient data.

Data extraction and quality assessment
Two researchers extracted information from all the in-
cluded studies independently, as well as evaluating the
quality of the studies. Controversies were resolved through
negotiation. The following data were collected: first au-
thor’s name, publication year, type of cancer, ethnicity,
method of genotyping, control source, genotype distri-
butions of cases and controls, and the P-value for the
Hardy-Weinberg equilibrium (HWE) of controls. The
quality of the studies was assessed using a quality score
form [24] (Additional file 1: Figure S1).

Statistical analysis
Statistical analyses were applied by using STATA software
(Version 12.0, Stata Corporation, College Station, TX,
USA). The ORs and 95% CIs were calculated to evaluate
the strength of the associations between the IGF1
rs2195239 and rs2162679 polymorphisms and cancer risk
in five genetic models: the allele model (for rs2195239: C
vs. G; for 2,162,679: G vs. A), the homozygote model (for
rs2195239: CC vs. GG; for 2,162,679: GG vs. AA), the het-
erozygote model (for rs2195239: GC vs. GG; for 2,162,679:
AG vs. AA), the dominant model (for rs2195239: CC +GC
vs. GG; for 2,162,679: GG+AG vs. AA), and the recessive
model (for rs2195239: CC vs. GC + GG; for 2,162,679:
GG vs. AG + AA). Heterogeneity was estimated using a
Q test and I2 [25]. The fixed-effects model was applied
when heterogeneity was absent [26] (P > 0.1). Other-
wise, the random-effects model were used [27]. The HWE
for the controls was calculated using a Chi-squared
test. In addition, we carried out stratified analyses ac-
cording to ethnicity, cancer type, and quality score.
Sensitivity analyses were performed to evaluate the

stability of the overall analyses excluding a single
study at a time. Egger’s tests were applied to assess
publication bias [28].

Results
Description of search results
Through searching the databases, a total of 4479 articles
were initially obtained. After removing duplicates, 2086 ar-
ticles were left. After screening the titles and abstracts, 133
articles were retrained for full-text review. Ultimately, ten
articles were identified for meta-analysis [14–23] (Fig. 1).
Three articles included studies of two IGF1 polymorphisms
[15, 20, 21]. In total, 13 studies from ten articles were in-
cluded in the current meta-analysis, which involved
12,515 cases and 19,651 controls. The publication year
ranged from 2006 to 2016. The characteristics of the
studies and the genotype frequencies for cases and controls
of rs2195239 and rs2162679 are shown in Tables 1 and 2
respectively.

Meta-analysis
The relationship between the IGF1 gene rs2195239 and
rs2162679 polymorphisms and cancer risk were evalu-
ated using ORs and 95% CI in the allele, homozygote,
heterozygote, dominant, and recessive models. We also
conducted stratified analyses according to ethnicity, can-
cer type, and score. Only results synthesized from no
fewer than two studies are shown.
There were a total of 9842 cases and 14,105 controls

included from eight studies regarding the rs2195239
polymorphism. In overall analysis, rs2195239 was shown
to be significantly associated with reduced cancer risk
(n = 8, Table 3 and Fig. 2, CC vs. GG: OR = 0.88, 95%
Cl = 0.80–0.98, P = 0.018). In the analyses stratified by
ethnicity, rs2195239 was shown to significantly reduce
cancer risk in Asian populations (n = 3, Table 3, C vs. G:
OR = 0.91, 95% Cl = 0.82–1.00, P = 0.044; CC vs. GG:
OR = 0.81, 95% Cl = 0.66–0.99, P = 0.035; CC vs. GC +
GG: OR = 0.83, 95%Cl = 0.69–0.98, P = 0.031). In the
analyses stratified by cancer type, no significant rela-
tionship between rs2195239 and breast (n = 3, Table 3)
or pancreatic cancer (n = 2, Table 3) risk was found.
The scores for all of the studies regarding rs2195239
are no less than twelve.
There were a total of 2673 cases and 5546 controls from

five studies regarding the rs2162679 polymorphism. In
overall analysis, rs2162679 was shown to be significantly
associated with reduced cancer risk (n = 5, Table 3 and
Fig. 3, G vs. A: OR = 0.87, 95% Cl = 0.80–0.94, P = 0.001;
GG vs. AA: OR = 0.70, 95% Cl, =0.57–0.87, P = 0.001; GG
+AG vs. AA: OR = 0.88, 95%Cl = 0.79–0.97, P = 0.011; GG
vs. AG + AA: OR = 0.73, 95% Cl = 0.60–0.89, P = 0.002).
In the analyses stratified by ethnicity, we found that
rs2162679 was shown to significantly reduce cancer risk
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in Asian populations (n = 2, Table 3 and Fig. 2, G vs. A:
OR = 0.85, 95% Cl = 0.76–0.96, P = 0.007; GG vs. AA:
OR = 0.70, 95% Cl = 0.54–0.90, P = 0.005; GG vs. AG +
AA: OR = 0.73, 95% Cl = 0.57–0.92, P = 0.009). The
results synthesized from these studies, which score no
less than twelve, showed that rs2162679 reduces cancer
risk in the allele and homozygote models (n = 2,Table 3),
indicating that the results for rs2162679 are relatively
stable in these models.

Sensitivity analysis
A sensitivity analysis was conducted by excluding a sin-
gle study at a time. The sensitivity analysis for rs2195239
suggests that excluding the study by Ennishi et al. would
have led to a different result in the homozygote model
as compared with the results of the overall analysis
(Fig. 4 and Additional file 1: Table S2), and excluding
the study by Patel et al. would have led to a different re-
sult in the recessive model as compared with the results

Table 1 Characteristics of the studies included in the meta-analysis for rs2195239

First author Year Country/
Region

Ethnicity Cancer type Genotyping
method

Age(y)
Case/Control

Control
source

Case Control HWE

GG GC CC GG GC CC

Chia [15] 2008 USA Mix TGCT Taqman ≤45/≤45 PB 332 209 32 395 252 50 Y

Patel [17] 2008 USA/Europe Mix Breast cancer Taqman NR PB 434 2440 3699 532 3121 4819 Y

Birmann [18] 2009 USA Caucasian Multiple myeloma Taqman 30–75/30–75 PB 9 26 43 11 63 85 Y

Dong [19] 2011 USA Mix Pancreatic cancer MassArray
and TaqMan

14–80/14–80 HB 385 270 40 409 260 35 Y

Ennishi [20] 2011 Japan Asian Stomach cancer Taqman NR HB 230 346 127 447 703 312 Y

Nakao [21] 2011 Japan Asian Pancreatic cancer Taqman 20–79/20–79 HB 54 95 27 431 673 298 Y

Qian [22] 2011 China Asian Breast cancer Taqman NR HB 147 181 75 135 193 75 Y

Shi [23] 2016 Canada Mix Breast cancer Illumina
GoldenGate

40–80/40–80 PB 349 267 25 453 301 52 Y

Abbreviations: TGCT testicular germ cell tumors, PB population-based, HB hospital-based, HWE Hardy-Weinberg equilibrium, Y polymorphisms conformed to HWE
in the control group, N polymorphisms did not conform to HWE in the control group, NR not reported

Fig. 1 The flow diagram of included/excluded studies
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of the overall analysis (Fig. 4 and Additional file 1: Table S2).
The sensitivity analysis regarding rs2162679 suggests that
excluding the study by Nakao et al. would have led to a
different result in the heterozygote model, and exclud-
ing the study by Canzian et al., or Ennishi et al. would
have led to a different result in the dominant model as
compared with the results in the overall analysis (Fig. 4
and Additional file 1: Table S2).
The instability of the sensitivity analyses indicated that

the number of studies included in our meta-analysis was
not sufficient, and the conclusions drawn from the
present meta-analysis should be verified in the future.

Publication bias
Egger’s tests were applied to detect publication bias. We
did not detect publication bias for rs2195239 (Table 4).
However, for rs2162679, there was publication bias in
the allele (Egger’s test P = 0.020) and dominant models
(Egger’s test P = 0.046, Table 4).

Discussion
IGF1 stimulates cell proliferation, decreases apoptosis, and
is thus involved in cancer development [4]. There have
been many well-designed cohort studies, such as the BPC3
cohort, and case-control studies regarding IGF1 polymor-
phisms and cancer risk in the past few years [29–31]. We
conducted this meta-analysis to summarize the results of
these studies regarding the IGF1 gene rs2195239 and
rs2162679 polymorphisms and cancer risk.
Several polymorphisms, including rs6214, rs6220, rs574

2714, rs1549593, 2,373,722, 10,735,380, 12,821,878, rs219
5239, rs2162679, rs35767, rs5742612, and rs7965399, have
been reported to be related to disease occurrence [15, 18,
20–23, 32–34]. Some of these important polymorphisms,
such as rs6214, rs6220, and rs5742714,are located in the
3’UTR region of IGF1, while others, such as rs1549593,
2,373,722, 10,735,380, 12,821,878, rs2195239, and rs2162
679, are located in the intron of IGF1. And other polymor-
phisms, such as rs35767, rs7965399, and rs5742612, are
located in other regions of IGF1. Among the polymor-
phisms located in the intron of IGF1, we chose rs2195239
and 2,162,679 because they have been reported to be

related to cancer risk in many studies, and in the 1000
Genomes Project Phase 3, the minor allele frequencies
(MAFs) of the SNPs were shown to be higher than 20%
among most of the populations (Additional file 1: Table S3).
There was no close linkage disequilibrium (LD) between
rs2162679 and other IGF1 polymorphisms in several popu-
lations (data not shown), and there was no close LD
between rs2162679 and rs2195239 (Additional file 1:
Figure S1). Life is a piece of melodious music composed
of A/T/C/G notes, and we always want to explore
which notes will affect the tone of the entire musical
piece, for example, by causing cancer.
It has been reported that rs2195239 reduces relapse risk

in stomach cancer patients after curative gastrectomy
[35]. Also, rs2195239 has been shown to have a significant
association with the pathological progression of childhood
IgA nephropathy [36]. In our meta-analysis, we found that
rs2195239 reduced cancer risk in overall analysis, as well
as reducing the risk of cancer in Asian populations.
The rs2162679 GG genotype has been reported to be

associated with a reduced risk of breast cancer, and this ef-
fect is more significant in the patients who were diagnosed
before turning 55 years old [14]. In our meta-analysis, we
found that rs2162679 reduced cancer risk in overall ana-
lysis and also reduced cancer risk in Asian populations.
The IGF1 SNPs affect cancer susceptibility mainly by

influencing the serum levels of IGF1. The rs2195239 poly-
morphism has a reported association with significantly
decreased IGF1 levels in the circulation [17]. The effect of
rs2162679 on serum IGF1 levels has not been reported
previously, and relevant studies of the biological functions
of these two polymorphisms are relatively limited. Some
studies have been conducted on the biological functions
of other IGF1 SNPs that appear to affect cancer sus-
ceptibility. For example, rs1520220 may influence the
expression of circulating IGF1 by altering the second-
ary structure of the RNA or DNA [37, 38]. Previously,
rs5742714 was observed to create a microRNA bind-
ing site for hsa-mir-580 [33]. The possibility of link-
ages between some SNPs and functional alleles at
exons had also been suggested, and this also could
influence the serum levels of IGF1 [39]. The biological

Table 2 Characteristics of the studies included in the meta-analysis for rs2162679

First author Year Country/
Region

Ethnicity Cancer type Genotyping
method

Age(y)
Case/Control

Control
source

Case Control HWE

AA AG GG AA AG GG

Canzian [14] 2006 Europe Caucasian Breast cancer Taqman 35–69/35–69 PB 570 212 19 1060 446 61 Y

Chia [15] 2008 USA Mix TGCT Taqman ≤45/≤45 PB 408 149 16 492 188 23 Y

Lonn [16] 2008 USA Mix Brain tumor Taqman ≥18/≥18 HB 313 97 10 300 103 9 Y

Ennishi [20] 2011 Japan Asian Stomach cancer Taqman NR HB 330 293 80 608 637 217 N

Nakao [21] 2011 Japan Asian Pancreatic cancer Taqman 20–79/20–79 HB 70 87 19 580 613 209 N

Abbreviations: TGCT testicular germ cell tumors, PB population-based, HB hospital-based, HWE Hardy-Weinberg equilibrium, Y polymorphisms conformed to HWE
in the control group, N polymorphisms did not conform to HWE in the control group
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functions of rs2195239 and rs2162679 and the mecha-
nisms by which they affect cancer susceptibility should
be explored further in future studies.
Many researchers now hold that the studies having

less than 100 patients do not have sufficient power to

reveal genetic associations. We attempted to exclude the
studies less than 100 subjects (Birmann et al., 2009) and
found that the conclusions remained the same (Additional
file 1: Table S4). We noted that the genotyping frequency
reported by Patel et al. 2008 is very different from that

Fig. 2 Meta-analysis of rs2195239 polymorphism and cancer risk. a: allele model; b: homozygous model; c: heterozygous model; d: dominant
model; e: recessive model. The squares and horizontal lines correspond to the study specific OR and 95% CI. The area of the squares reflects the
weight. The diamond represents the summary OR and 95% CI. The fixed-effects model was used
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reported in the other studies. Specifically, the CC geno-
type seems to have a much higher frequency in Patel
et al. as compared to the other studies. We believe that
there are two potential reasons for this. One possibility
is that this difference in genotype frequency was caused
by ethnic differences. Another possibility is that a geno-
typing error occurred. We removed Patel et al.’s study
and conducted a meta-analysis of the other studies

(Additional file 1: Table S4). We found that the conclu-
sions remained fundamentally the same. Because Patel’s
study was drawn from a huge cohort study, BP3, we
decided to retain these data in the meta-analysis, but this
difference in genotyping frequency does warrant caution.
The present meta-analysis has several limitations. First,

the number of articles included in this study was limited. In
the stratified analysis, pooled studies were not performed

Fig. 3 Meta-analysis of rs2162679 polymorphism and cancer risk. a: allele model; b: homozygous model; c: heterozygous model; d: dominant
model; e: recessive model. The squares and horizontal lines correspond to the study specific OR and 95% CI. The area of the squares reflects the
weight. The diamond represents the summary OR and 95% CI. The fixed-effects model was used
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Fig. 4 Sensitivity analyses between rs2195239 and rs2162679 polymorphisms and cancer risk. A-E Sensitivity analyses for rs2195239, a: allele
model; b: homozygous model; c: heterozygous model; d: dominant model; e: recessive model. f-j Sensitivity analyses for rs2162679, f: allele
model; g: homozygous model; h: heterozygous model; i: dominant model; j: recessive model. The fixed-effects model was used
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for a specific ethnic group containing only one single
study, such as Caucasians and rs2162679. Secondly,
the cancer types included in the study were limited,
and this may have introduced bias into the results. For
each SNP, the study only included five types of can-
cers; therefore, confirmation of whether the conclu-
sions drawn from these types of cancer reflect the true
relationship between this SNP and the overall cancer
risk will require further investigation. In the future, we
should verify these conclusions by examining add-
itional types of cancer. Thirdly, the meta-analysis did
not consider the potential determinants factors such
as gender, age, and alcohol and tobacco intake. Finally,
the sample size for the publications included in this
study varied substantially. In several studies, the geno-
type distribution in control groups did not conform to
HWE. Moreover, for rs2162679, publication bias was
detected, and for both rs2195239 and rs2162679, the
results of the sensitivity analyses were unstable. For
these reasons, the findings should be interpreted with
caution.

Conclusion
In conclusion, meta-analysis suggests that rs2195239
reduces the overall cancer risk in homozygote model,
as well as reducing cancer risk in Asian populations in
allele, homozygote, and recessive models. No signifi-
cant relationship was found between rs2195239 and
breast or pancreatic cancer risk. rs2162679 reduces
the overall cancer risk in allele, homozygote, domin-
ant, and recessive models, as well as reducing cancer
risk in Asian populations in allele, homozygote, and
recessive models. However, considering the limitations
of our meta-analysis and the publication bias between
studies, the associations based on present studies
should be verified with more studies in the future.

Additional file

Additional file 1: Table S1. Quality score assessment. Table S2.
Sensitivity analyses for rs2195239 and rs2162679 polymorphisms and
cancer risk. Table S3. MAFs of rs2195239 (genomic position: chromosome12:
102462924) and rs2162679 (genomic position: Chromosome12: 102477481)
and polymorphisms in the populations from the 1000 Genomes Project
Phase 3. Table S4. Meta-analysis of the association between rs2195239
polymorphism and cancer risk, omitting the study of Patel or Birmann.
Table S5. The OMIM numbers for important genes and pathogenic
conditions in this study. Figure S1. Linkage disequilibrium analyses for
IGF1 rs2195239 and rs2162679 polymorphisms in populations from the
1000 Genomes Project Phase 3. (ZIP 1155 kb)

Abbreviations
3’-UTR: three prime untranslated region; CI: Confidence interval; HB: Hospital-
based; HWE: Hardy-Weinberg equilibrium; IGF1: Insulin-like growth factor 1;
LD: Linkage disequilibrium; MAF: Minor allele frequency; OMIM: Online
Mendelian Inheritance in Man; OR: Odds ratio; PB: Population-based;
SNP: Single nucleotide polymorphism; TGCT: Testicular germ cell tumors

Acknowledgements
Not applicable.

Funding
Publication costs are funded by funding from the National Natural Science
Foundation of China (Grant No. 81601826).

Availability of data and materials
Not applicable.

Authors’ contributions
Conceived and designed the meta-analysis: GPX, LFW. Searched the
databases: LFW, QZ, SZC. Analyzed the data: GPX,HZ. Revised the manuscript:
WXC, SZC. Wrote the paper: LFW. All authors read and approved the final
manuscript.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Transfusion Department, the Second Affiliated Hospital of Chongqing
Medical University, Chongqing, China. 2Department of Laboratory Medicine,
the Second Affiliated Hospital of Chongqing Medical University, No.74
Linjiang Road, Chonqing 400010, Yuzhong District, China.

Received: 15 May 2018 Accepted: 10 January 2019

References
1. Pollak MN, Schernhammer ES, Hankinson SE. Insulin-like growth factors and

neoplasia. Nat Rev Cancer. 2004;4(7):505–18.
2. Pollak M. Insulin-like growth factor physiology and neoplasia. Growth

Hormon IGF Res. 2000;10(Suppl A):S6–7.
3. Baserga R, Peruzzi F, Reiss K. The IGF-1 receptor in cancer biology. Int J

Cancer. 2003;107(6):873–7.
4. Renehan AG, Harvie M, Howell A. Insulin-like growth factor (IGF)-I, IGF

binding protein-3, and breast cancer risk: eight years on. Endocr Relat
Cancer. 2006;13(2):273–8.

Table 4 Publication bias analysis

Polymorphism Genetic model Egger’s test

t 95% Cl P

rs2195239 C vs. G −0.58 −1.599-0.982 0.580

CC vs. GG −1.46 −2.322~0.586 0.194

GC vs. GG −0.66 −2.785~1.596 0.531

CC + GC vs. GG −0.76 −2.581~1.364 0.479

CC vs. GC + GG −1.48 − 2.177~0.534 0.189

rs2162679 G vs. A 4.55 0.750–4.235 0.020

GG vs. AA 1.38 −1.276~3.225 0.262

AG vs. AA 2.14 −1.298~6.601 0.122

GG + AG vs. AA 3.28 0.088~5.706 0.046

GG vs. AG + AA 0.71 −1.883~2.973 0.527

Xu et al. BMC Medical Genetics           (2019) 20:17 Page 9 of 10

https://doi.org/10.1186/s12881-019-0749-3


5. Rowlands MA, Gunnell D, Harris R, Vatten LJ, Holly JM, Martin RM.
Circulating insulin-like growth factor peptides and prostate cancer risk: a
systematic review and meta-analysis. Int J Cancer. 2009;124(10):2416–29.

6. Rodriguez S, Gaunt TR, Day IN. Molecular genetics of human growth
hormone, insulin-like growth factors and their pathways in common
disease. Hum Genet. 2007;122(1):1–21.

7. Harrela M, Koistinen H, Kaprio J, Lehtovirta M, Tuomilehto J, Eriksson J,
Toivanen L, Koskenvuo M, Leinonen P, Koistinen R, et al. Genetic and
environmental components of interindividual variation in circulating levels
of IGF-I, IGF-II, IGFBP-1, and IGFBP-3. J Clin Invest. 1996;98(11):2612–5.

8. Verhaeghe J, Loos R, Vlietinck R, Herck EV, van Bree R, Schutter AM: C-
peptide, insulin-like growth factors I and II, and insulin-like growth factor
binding protein-1 in cord serum of twins: genetic versus environmental
regulation. Am J Obstet Gynecol 1996, 175(5):1180–1188.

9. Hong Y, Brismar K, Hall K, Pedersen NL, de Faire U. Associations between
insulin-like growth factor-I (IGF-I), IGF-binding protein-1, insulin and other
metabolic measures after controlling for genetic influences: results from
middle-aged and elderly monozygotic twins. J Endocrinol. 1997;153(2):251–7.

10. Hall K, Hilding A, Thoren M. Determinants of circulating insulin-like growth
factor-I. J Endocrinol Investig. 1999;22(5 Suppl):48–57.

11. Al-Zahrani A, Sandhu MS, Luben RN, Thompson D, Baynes C, Pooley KA,
Luccarini C, Munday H, Perkins B, Smith P, et al. IGF1 and IGFBP3 tagging
polymorphisms are associated with circulating levels of IGF1, IGFBP3 and
risk of breast cancer. Hum Mol Genet. 2006;15(1):1–10.

12. Tempfer CB, Hefler LA, Schneeberger C, Huber JC. How valid is single
nucleotide polymorphism (SNP) diagnosis for the individual risk assessment
of breast cancer? Gynecol Endocrinol. 2006;22(3):155–9.

13. Poole EM, Tworoger SS, Hankinson SE, Baer HJ. Genetic variability in IGF-1
and IGFBP-3 and body size in early life. BMC Public Health. 2012;12:659.

14. Canzian F, McKay JD, Cleveland RJ, Dossus L, Biessy C, Rinaldi S, Landi S,
Boillot C, Monnier S, Chajes V, et al. Polymorphisms of genes coding for
insulin-like growth factor 1 and its major binding proteins, circulating levels
of IGF-I and IGFBP-3 and breast cancer risk: results from the EPIC study. Br J
Cancer. 2006;94(2):299–307.

15. Chia VM, Sakoda LC, Graubard BI, Rubertone MV, Chanock SJ, Erickson RL,
McGlynn KA. Risk of testicular germ cell tumors and polymorphisms in the
insulin-like growth factor genes. Cancer Epidemiol Biomarkers Prev. 2008;
17(3):721–6.

16. Lonn S, Rothman N, Shapiro WR, Fine HA, Selker RG, Black PM, Loeffler JS,
Hutchinson AA, Inskip PD. Genetic variation in insulin-like growth factors
and brain tumor risk. Neuro-Oncology. 2008;10(4):553–9.

17. Patel AV, Cheng I, Canzian F, Le Marchand L, Thun MJ, Berg CD, Buring J,
Calle EE, Chanock S, Clavel-Chapelon F, et al. IGF-1, IGFBP-1, and IGFBP-3
polymorphisms predict circulating IGF levels but not breast cancer risk:
findings from the breast and prostate Cancer cohort consortium (BPC3).
PLoS One. 2008;3(7):e2578.

18. Birmann BM, Tamimi RM, Giovannucci E, Rosner B, Hunter DJ, Kraft P,
Mitsiades C, Anderson KC, Colditz GA. Insulin-like growth factor-1- and
interleukin-6-related gene variation and risk of multiple myeloma. Cancer
Epidemiol Biomarkers Prev. 2009;18(1):282–8.

19. Dong X, Li Y, Tang H, Chang P, Hess KR, Abbruzzese JL, Li D. Insulin-like
growth factor axis gene polymorphisms modify risk of pancreatic cancer.
Cancer Epidemiol. 2012;36(2):206–11.

20. Ennishi D, Shitara K, Ito H, Hosono S, Watanabe M, Ito S, Sawaki A, Yatabe Y,
Yamao K, Tajima K, et al. Association between insulin-like growth factor-1
polymorphisms and stomach cancer risk in a Japanese population. Cancer
Sci. 2011;102(12):2231–5.

21. Nakao M, Hosono S, Ito H, Watanabe M, Mizuno N, Yatabe Y, Yamao K,
Ueda R, Tajima K, Tanaka H, et al. Interaction between IGF-1 polymorphisms
and overweight for the risk of pancreatic cancer in Japanese. Int J Mol
Epidemiol Genet. 2011;2(4):354–66.

22. Qian B, Zheng H, Yu H, Chen K. Genotypes and phenotypes of IGF-I and
IGFBP-3 in breast tumors among Chinese women. Breast Cancer Res Treat.
2011;130(1):217–26.

23. Shi J, Aronson KJ, Grundy A, Kobayashi LC, Burstyn I, Schuetz JM, Lohrisch
CA, SenGupta SK, Lai AS, Brooks-Wilson A, et al. Polymorphisms of insulin-
like growth factor 1 pathway genes and breast Cancer risk. Front Oncol.
2016;6:136.

24. Tian X, Dai S, Sun J, Jiang S, Jiang Y. Association between TP53 Arg72Pro
polymorphism and leukemia risk: a meta-analysis of 14 case-control studies.
Sci Rep. 2016;6.

25. Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis.
Stat Med. 2002;21(11):1539–58.

26. Mantel N, Haenszel W. Statistical aspects of the analysis of data from
retrospective studies of disease. J Natl Cancer Inst. 1959;22(4):719–48.

27. DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials.
1986;7(3):177–88.

28. Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis
detected by a simple, graphical test. BMJ. 1997;315(7109):629–34.

29. Hunter DJ, Riboli E, Haiman CA, Albanes D, Altshuler D, Chanock SJ, Haynes
RB, Henderson BE, Kaaks R, Stram DO, et al. A candidate gene approach to
searching for low-penetrance breast and prostate cancer genes. Nat Rev
Cancer. 2005;5(12):977–85.

30. Kaaks R, Berrino F, Key T, Rinaldi S, Dossus L, Biessy C, Secreto G, Amiano P,
Bingham S, Boeing H, et al. Serum sex steroids in premenopausal women
and breast cancer risk within the European prospective investigation into
Cancer and nutrition (EPIC). J Natl Cancer Inst. 2005;97(10):755–65.

31. Grundy A, Schuetz JM, Lai AS, Janoo-Gilani R, Leach S, Burstyn I, Richardson
H, Brooks-Wilson A, Spinelli JJ, Aronson KJ. Shift work, circadian gene
variants and risk of breast cancer. Cancer Epidemiol. 2013;37(5):606–12.

32. Lu L, Wang F, He L, Xue Y, Wang Y, Zhang H, Rong L, Wang M, Zhang Z,
Fang Y, et al. Interaction between IGF1 polymorphisms and the risk of acute
lymphoblastic leukemia in Chinese children. Cell Physiol Biochem. 2015;
36(4):1346–58.

33. Cao Q, Liang C, Xue J, Li P, Li J, Wang M, Zhang Z, Qin C, Lu Q, Hua L, et al.
Genetic variation in IGF1 predicts renal cell carcinoma susceptibility and
prognosis in Chinese population. Sci Rep. 2016;6:39014.

34. Mao J, Zhuang G, Chen Z. Genetic polymorphisms of insulin-like growth
factor 1 are associated with osteosarcoma risk and prognosis. Med Sci
Monit. 2017;23:5892–8.

35. Shitara K, Ito S, Misawa K, Ito Y, Ito H, Hosono S, Watanabe M, Tajima K,
Tanaka H, Muro K, et al. Genetic polymorphism of IGF-I predicts recurrence
in patients with gastric cancer who have undergone curative gastrectomy.
Ann Oncol. 2012;23(3):659–64.

36. Hahn WH, Suh JS, Cho BS. Polymorphisms of insulin-like growth factor-1
(IGF-1) and IGF-1 receptor (IGF-1R) contribute to pathologic progression in
childhood IgA nephropathy. Growth Factors. 2011;29(1):8–13.

37. Lu L, Risch E, Deng Q, Biglia N, Picardo E, Katsaros D, Yu H. An insulin-like
growth factor-II intronic variant affects local DNA conformation and ovarian
cancer survival. Carcinogenesis. 2013;34(9):2024–30.

38. Xu GP, Chen WX, Xie WY, Wu LF. The association between IGF1 gene
rs1520220 polymorphism and cancer susceptibility: a meta-analysis based on
12,884 cases and 58,304 controls. Environ Health Prev Med. 2018;23(1):38.

39. Zhao J, Xiong DH, Guo Y, Yang TL, Recker RR, Deng HW. Polymorphism in
the insulin-like growth factor 1 gene is associated with age at menarche in
caucasian females. Hum Reprod. 2007;22(6):1789–94.

Xu et al. BMC Medical Genetics           (2019) 20:17 Page 10 of 10


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Publication search
	Inclusion and exclusion criteria
	Data extraction and quality assessment
	Statistical analysis

	Results
	Description of search results
	Meta-analysis
	Sensitivity analysis
	Publication bias

	Discussion
	Conclusion
	Additional file
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

