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Abstract Insulin-like growth factor-I modulates cell

growth and survival, and is thought to be important in tumor

development. A (CA)19 repeat polymorphism in the pro-

moter region of IGF-I gene that may affect transcription

activity has been implicated as a risk factor for cancer, but

individual studies have been inconclusive or controversial.

Therefore, we performed a meta-analysis of 17 studies with

IGF-I (CA)19 repeat genotyping on 8,799 patients and

13,901 controls. There were seven studies with prostate

cancer (2,307 cases; 2,622 controls), seven studies with

breast cancer (3,533 cases; 7,771 controls), and three

studies with colorectal cancer (2,959 cases; 3,508 controls).

Overall, the random effects odds ratio (OR) for the (CA)19

versus non-(CA)19 allele was 1.03 [95% confidence

interval (CI), 0.95–1.11], with some between-study heter-

ogeneity (P \ 0.0001). There was no suggestion of an

overall effect either in recessive or dominant modeling of

(CA)19 allele effects, and the comparison of (CA)19

homozygosity versus non-(CA)19 homozygosity also

showed no differential susceptibility to cancer (OR, 0.99;

95% CI, 0.84–1.16). No effect of (CA)19 was seen in

subjects of breast cancer (seven comparisons, OR = 1.03;

95% CI, 0.90–1.17, P = 0.005 for heterogeneity), prostate

cancer (seven comparisons, OR = 1.08; 95% CI, 0.88–1.27;

P = 0.0002 for heterogeneity) and colorectal cancer (three

comparisons, OR = 0.96; 95% CI, 0.89–1.03, P = 0.36, no

significant between-study heterogeneity). There was also no

evidence that the (CA)19 allele associated with the risk of

cancer in Caucasians and Asians. The meta-analysis shows

that this (CA)19 repeat polymorphism is unlikely to be a

major determinant of susceptibility to cancer on a wide

population basis. However, a larger single study is required

to further evaluate the association IGF-I (CA)19 polymor-

phisms and the cancer risk in a specific population.

Keywords IGF-I � Cancer � Polymorphism �
Meta-analysis

Introduction

Tumor is one of deadly diseases of mankind. Up to now, the

detailed mechanisms of cancer remain largely unknown. As

cellular proliferation is central to the carcinogenic process,

pathways that regulate and control cell growth are

undoubtedly important to the etiology of cancer (Neuhau-

sen et al. 2005). The insulin-like growth factor signaling

pathway is one such pathway. At the same time, there are

many articles that report that genetic polymorphism was

associated with susceptibility to cancer. Genetic polymor-

phisms are natural variations in the genomic DNA sequence

present in more than 1% of the population (Yang and Roden

2003). Also, some genetic polymorphisms have been

proved to play important roles in susceptibility to cancer.

Insulin-like growth factor I (IGF-I) is a member of the

large family of insulin-related peptides that includes insu-

lin, IGF-I and IGF-II, and is one of the most well-

characterized growth factors (Daughaday and Rotwein
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1989; LeRoith and Raizada 1993). It is primarily produced

by the liver and plays an important role in the regulation of

cell proliferation, differentiation, and apoptosis with a

recognized effect on tumor growth (Pollak 2000a, b; Par-

rizas and LeRoith 1997). Epidemiological studies have

offered hints that high levels of IGF-I might be a risk factor

for cancer. Results of early studies on the risk of prostate

(Chan et al. 1998), breast (Hankinson et al. 1998), colo-

rectal (Ma et al. 1999), lung (Yu et al. 1999), and cervical

(Schaffer et al. 2007) cancer suggest that high circulating

IGF-I concentrations are associated with an increased risk

of cancer. Recent meta-analyses, done separately by cancer

site and comparing uppermost versus lowermost catego-

ries, show that IGF-I is associated with increased risk of

prostate cancer, colorectal cancer, and premenopausal

breast cancer, but not with postmenopausal breast cancer or

lung cancer (Renehan et al. 2004). Despite the number of

factors that can influence IGF-I levels, it has been esti-

mated that up to 60% of the variability has a genetic basis

(Harrela et al. 1996; Hong et al. 1996).

A known genetic cytosine-adenine (CA) repeat poly-

morphism in the human IGF-I gene has been the focus of

many recent studies because it is proximate to the pro-

moter, at 1 kb upstream from the transcription start site

(Rotwein et al. 1986; Weber et al. 1989). This polymor-

phism might be associated with circulating IGF-I levels.

But several clinical studies have not revealed consistent

evidence for the association between the (CA) repeat

polymorphism and circulating IGF-I levels (Rosen et al.

1998; Jernstrom et al. 2001a, b; Vaessen et al. 2001;

Missmer et al. 2002; Allen et al. 2002; Frayling et al.

2002). Some studies have shown an association between

high serum IGF-I levels and the most common IGF-I allele

that had a length of (CA)19 repeats (Vaessen et al. 2001;

Rietveld et al. 2003), while other studies report the reverse

results (Jernstrom et al. 2001a, b; Rosen et al. 1998).

Some studies were conducted to investigate the associ-

ation between the (CA) repeat polymorphism of IGF-I and

the susceptibility to prostate, breast, and colorectal cancer

(Missmer et al. 2002; Yu et al. 2001; Wen et al. 2005;

DeLellis et al. 2003; Wagner et al. 2005; Cleveland et al.

2006; Figer et al. 2002; González-Zuloeta et al. 2007;

Tsuchiya et al. 2005; Li et al. 2004; Friedrichsen et al.

2005; Neuhausen et al. 2005; Schildkraut et al. 2005; Chen

et al. 2006; Nam et al. 2003; Morimoto et al. 2005; Wong

et al. 2005; Slattery et al. 2004, 2005). Like the association

between the (CA) repeat polymorphism and circulating

IGF-I levels, results from these studies have been incon-

sistent, and the reasons underlying heterogeneous results,

including study populations, and designs and assay char-

acteristics need to be further investigated.

Here, we performed a meta-analysis from all eligible

case-control studies to address the association of IGF-I

(CA)19 polymorphisms to cancer. We also performed

meta-analysis in detailed cancer and different populations.

Materials and methods

Identification and eligibility of relevant studies

To identify all articles that examined the association of

IGF-I (CA) repeat polymorphism with cancer, we con-

ducted a literature search of the PubMed database using the

following keywords and subject terms: ‘‘prostate,’’

‘‘colorectal,’’ ‘‘lung,’’ ‘‘breast,’’ ‘‘cervical,’’ ‘‘cancer,’’

‘‘polymorphism*,’’ and ‘‘insulin-like growth factor-I.’’

References to retrieved articles were screened. Abstracts,

case reports, editorials, and review articles were excluded.

Studies included in the current meta-analysis had to

meet all the following criteria: (1) use a case-control design

and (2) the genotype distribution of the control population

must be in Hardy–Weinberg equilibrium (HWE).

Data extraction

Data were independently abstracted in duplicate by two

investigators using a standard protocol and data-collection

form. Data were collected on the genotype according to

different kinds of cancers. Characteristics abstracted from

the studies included the name of the first author, location of

the study, year of publication, ethnicity of the study pop-

ulation, and characteristics of cases and control selection

criteria.

Statistical analysis

The meta-analysis examined the overall association of the

IGF-I allele (CA)19 with the risk of prostate, breast, and

colorectal cancer, the contrast of homozygote(CA)19 ver-

sus non-(CA)19, the recessive ((CA)19/(CA)19 versus

(CA)19/non-(CA)19 + non(CA)19/non-(CA)19) and dom-

inant ((CA)19/(CA)19+(CA)19/non-(CA)19 versus non-

(CA)19/-non(CA)19)) models to allele (CA)19.

Odds ratios (OR) corresponding to 95% confidence

interval (CI) was applied to assess the strength of associ-

ation of IGF-I with prostate, breast, and colorectal cancer

since case-control studies were used, and OR was calcu-

lated according to the method of Woolf (Woolf 1955). A

chi-square based Q statistic test was performed to assess

the between-study heterogeneity (Lau et al. 1997). Heter-

ogeneity was considered significant for P \ 0.10 because

of the low power of the statistic. A fixed-effect model using

the Mantel–Haenszel method and a random-effects model
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using the DerSimonian and Laird method were used to pool

the results (Petitti 1994). In the absence of between-study

heterogeneity, the two methods provide similar results.

Random effects are more appropriate when heterogeneity

is present. The significance of the pooled OR was deter-

mined by the Z test; a P value of \0.05 was considered

significant. For each genetic contrast, IGF-I subgroup

analysis according to ethnicity was only considered for

Caucasian and Asian populations to estimate ethnic-spe-

cific OR and had at least three independent studies.

Publication bias was investigated by funnel plot, in

which the standard error of log (OR) of each study was

plotted against its OR. An asymmetric plot suggested

possible publication bias. Funnel plot asymmetry was

assessed by the method of Egger’s linear regression test, a

linear regression approach to measure funnel plot asym-

metry on the natural logarithm scale of the OR (Egger et al.

1997). The significance of the intercept was determined by

the t test as suggested by Egger, and a P value of\0.05 was

considered significant.

Hardy–Weinberg equilibrium was tested by the chi-

square test for goodness of fit using a web-based program (

http://ihg.gsf.de/cgi-bin/hw/hwa1.pl). Analyses were per-

formed using the software Stata version 9, ReviewManage

4.2. All P values were two-sided.

Result

Eligible studies

Nineteen articles were retrieved based on the searching cri-

teria for cancer susceptibility related to IGF-I (CA) repeat

polymorphisms (Missmer et al. 2002; Yu et al. 2001; Wen

et al. 2005; DeLellis et al. 2003; Wagner et al. 2005;

Cleveland et al. 2006; Figer et al. 2002; González-Zuloeta

et al. 2007; Tsuchiya et al. 2005; Li et al. 2004; Friedrichsen

et al. 2005; Neuhausen et al. 2005; Schildkraut et al. 2005;

Chen et al. 2006; Nam et al. 2003; Morimoto et al. 2005;

Wong et al. 2005; Slattery et al. 2004, 2005), and 17 met our

inclusion criteria. One article was not included because the

genotype distribution in the control population significantly

deviates from HWE (Missmer et al. 2002). One article was

replaced with its updated study (Slattery et al. 2004). Seven

of the 17 eligible articles investigated prostate cancer (Tsu-

chiya et al. 2005; Li et al. 2004; Friedrichsen et al. 2005;

Neuhausen et al. 2005; Schildkraut et al. 2005; Chen et al.

2006; Nam et al. 2003), seven studies investigated breast

cancer (Yu et al. 2001; Wen et al. 2005; DeLellis et al. 2003;

Wagner et al. 2005; Cleveland et al. 2006; Figer et al. 2002;

González-Zuloeta et al. 2007), and three studies investigated

colorectal cancer (Morimoto et al. 2005; Wong et al. 2005;

Slattery et al. 2005). No detailed genotype data were

available in the 3 of the 17 eligible articles (Yu et al. 2001;

Figer et al. 2002; Li et al. 2004). All eligible studies that

evaluated IGF-I (CA) repeat polymorphisms to cancer sus-

ceptibility were on the basis of (CA)19 allele versus non-

(CA)19 allele. In addition, some of these eligible studies not

only reported the distribution of the number of (CA) repeat,

but also analyzed (CA)17 or (CA)21 allele to cancer sus-

ceptibility (Wen et al. 2005; Wong et al. 2005). Overall, IGF-

I (CA)19 allele was the most prevalent allele in both the

patients and the controls. Therefore, we performed a meta-

analysis about the association of IGF-I (CA)19 polymor-

phisms to cancer. There was a considerable diversity of

ethnic groups. Nine of the 17 eligible articles represent

studies with a Caucasian population (Wagner et al. 2005;

Cleveland et al. 2006; Figer et al. 2002; Li et al. 2004;

Friedrichsen et al. 2005; Neuhausen et al. 2005; Schildkraut

et al. 2005; Chen et al. 2006; Nam et al. 2003), and 5 of the 9

show detailed allele information (Wagner et al. 2005;

Cleveland et al. 2006; Figer et al. 2002; Schildkraut et al.

2005; Chen et al. 2006). In study populations with Asians,

detailed allele information was available in three eligible

articles (Wen et al. 2005; Tsuchiya et al. 2005; Wong et al.

2005). Hence, we also performed meta-analysis in Caucasian

and Asian populations, respectively. Among the 17 eligible

articles included, 82% (14/17) stated that the age and sex

status were matched between case and control populations.

Studies provided genotyping data of mixed population

indicated as ‘‘unknown’’ ethnic (Table 1). Two studies were

different from the others because they used a related case-

control design (Wagner et al. 2005; Li et al. 2004). We

excluded the two studies when doing sensitivity analysis. But

the overall effect of the (CA)19 on the cancer risk did not

change.

Meta-analysis database

The eligible studies included a total of 8,799 patients and

13,901 controls of whom 8,038 and 13,225, respectively,

had genotype data. A total of 3,533 patients and 7,771

controls for breast cancer, 2,307 patients and 2,622 controls

for prostate cancer, and 2,959 patients and 3,508 controls

for colorectal cancer were investigated. Table 2 shows both

genotype and allele frequencies of cancer patients and

controls in the eligible studies. Overall, the prevalence of

(CA)19 allele was 56.9 and 57.4% in all patients and

controls. The prevalence rate of (CA)19 allele across the

controls of Caucasian and Asian descent were 65.5 and

33.3%, respectively. The result indicated that the distri-

bution of (CA)19 allele frequency had a significant

difference in Caucasian and Asian populations. The

(CA)19 allele was more highly represented among the

cases of colorectal cancer (60.2%) than in the
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Table 1 Characteristics of studies included in the meta-analysis

First

author(year)

Country Selection/characteristics of cases Selection/characteristics of

controls

Cases Controls

Prostate cancer

Chen (2006) USA Cases had either a registry-

confirmed diagnosis of prostate

cancer or had documentation of

prostate cancer by both self-

report and a hospital discharge

diagnosis code in CHS records

Controls were individually

matched to cases on race, year

of entry, age at enrollment

(within 4 years), and clinic. No

documentation of prostate

cancer

213 213

Friedrichsen

(2005)

USA Histologically confirmed

adenocarcinoma of the prostate

diagnosed

Controls with respect to age, race,

family history of prostate cancer

matched cases

591 538

Neuhausen

(2005)

USA Prostatectomy-documented cancer Race, age-matched (within 5 years

of birth year) with no previous

history of prostate cancer

199 267

Schildkraut

(2005)

USA Newly diagnosed prostate cancer

cases by searching DVAMC

electronic surgical pathology

records

Controls were frequency matched

to the cases based on 5-year age

groups and race

100 93

Tsuchiya

(2005)

Japan Patients with BPH, total PSA

levels ([4.0 ng/ml by the

tandem-R assay)

Normal serum PSA levels, race

matched, without any apparent

voiding symptoms

303 262

Nam (2003) Canada Either a PSA value [4.0 ng/ml or

an abnormal DRE. No patient

had a history of prostate cancer

before prostate biopsy

No evidence of cancer 483 804

Li (2004) USA From 414 discordant families,

sibling sets consisted of

probands with CaP diagnosed at

age 73 or younger and at least

one brother without CaP

From 414 discordant families 440 480

Breast cancer

Wen (2005) China Cases were identified through a

rapid case-ascertainment system

Randomly selected from the

general female population in

Shanghai and frequency-

matched to cases on age (5-year

interval)

1,041 1,086

Wagner

(2005)

Poland, Finland Familial breast cancer cases Randomly matched controls 787 900

Cleveland

(2006)

USA Cases were confirmed by the

physician and medical records,

and diagnosed invasive breast

cancer

Frequency matched by 5-year age

group to the expected age

distribution of cases, under

65 years of age

1,028 1,086

Figer (2002) Israel With histopathologically proven

breast cancer

No information regarding family

history of cancer, randomly

sampled subjects

268 144

Yu (2001) USA Patients had a histologically

confirmed diagnosis

The controls were matched to the

cases at a 1:1 ratio on age (±5

years) and race

53 53

DeLellis

(2003)

Hawaii Case ascertainment was completed

through the surveillance,

epidemiology and end results

(SEER) cancer registries in

Hawaii and Los Angeles

Randomly selected from a large

multiethnic cohort study in in

Hawaii and Los Angeles

220 373

González-

Zuloeta

(2007)

The Netherlands Only identified cases that had also

been pathologically confirmed

were considered valid

Randomly selected from a suburb

of Rotterdam aged 55 or older

203 3,978
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Table 2 Distribution of (CA)19 genotype and allele among breast, prostate, colorectal cancer cases and controls included in the meta-analysis

First author(year) Racial descent Genotype Allele

(CA)19

homozygosity

(CA)19

heterozygosity

Non-(CA)19

homozygosity

(CA)19 Non-(CA)19

Cases Controls Cases Controls Cases Controls Cases Controls Cases Controls

Breast cancer

Wen (2005) Chinese 142 133 510 497 389 456 794 763 1,288 1,409

Wagner (2005) Polish, Finnish 231 440 312 517 101 138 774 1,397 514 793

Cleveland (2006) Caucasian 405 449 456 464 143 129 1,266 1,362 742 722

Figer (2002) Jewish NAa NA NA NA NA NA 373 186 163 102

Yu (2001) Unknown NA NA NA NA NA NA 33 23 73 83

DeLellis (2003) Hawaii/Los Angeles

multi-ethnic

97 98 153 180 70 95 347 376 293 370

González-Zuloeta

(2007)

Unknown 86 1,744 69 1,404 48 830 241 4,892 165 3,064

Prostate cancer

Chen (2006) Caucasian, African

American.

79 75 96 97 38 41 254 247 172 179

Friedrichsen (2005) Caucasia, African American. 219 219 289 237 73 64 727 675 435 365

Neuhausen (2005) Non-Hispanic Caucasian 78 107 86 124 29 32 242 338 144 188

Tsuchiya (2005) Blacks, whites 18 6 130 82 155 174 166 94 440 430

Schildkraut (2005) Japanese 20 28 39 33 35 20 79 89 109 73

Nam (2003) Caucasian, black, Asian 189 275 230 373 64 156 608 923 358 685

Li (2004) African-American, Hispanic,

Asian-American,

Caucasian

NA NA NA NA NA NA 548 586 332 372

Colorectal cancer

Slattery (2005) Unknown 760 878 915 983 272 295 2,435 2,739 1,459 1,573

Wong (2005) Chinese 35 121 145 378 110 374 215 620 365 1,126

Morimoto (2005) Unknown 296 217 325 201 101 61 917 635 527 323

NA not available

Table 1 continued

First

author(year)

Country Selection/characteristics of cases Selection/characteristics of

controls

Cases Controls

Colorectal cancer

Slattery

(2005)

USA No previous history of colorectal

cancer, no known familial

adenomatous polyposis,

ulcerative colitis, or Crohn’s

disease, between ages 30 and

79 years

Controls were matched to cases by

sex and by 5-year age groups,

colon cancer and rectal cancer

1,947 2,156

Wong (2005) China Histologic information on each

colorectal cancer diagnosis was

confirmed by reviewing the

pathology report

Randomly sampled subjects 290 873

Morimoto

(2005)

USA Cases included all male and female

residents ages 20–74 years

diagnosed with incident

invasive colon or rectal cancer

Randomly sampled subjects 722 479
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corresponding controls (56.9%). The (CA)19 allele had a

lower representation among patients with breast cancer

(54.2%) than in controls (57.9%). The (CA)19 allele was

represented almost the same among cases of prostate can-

cer (56.9%) and corresponding controls (56.3%) (Table 2).

Overall effects for alleles

We performed a meta-analysis from all eligible case-con-

trol studies to compare IGF-I (CA)19 versus non-(CA)19

allele. Since significant heterogeneity existed between the

17 studies, the random effects model was used to pool the

results (Fig. 1a). There was no evidence that the (CA)19

allele associated with the risk of cancer in a worldwide

population and the summary OR = 1.03, 95% CI

(0.95–1.11), P = 0.54, Pheterogeneity \ 0.0001). According

to the different kinds of cancer, we also performed three

meta-analyses with prostate, breast, and colorectal cancer

(Fig. 2a, b, c). In the subgroup analyses of three different

kinds of cancer, no heterogeneity existed in colorectal

cancer, while significant heterogeneity existed in prostate

and breast cancer. We also found no association between

the (CA)19 polymorphism and the risk of breast, prostate,

and colorectal cancer, respectively. Last, we performed two

meta-analyses in Caucasians with five studies and in Asian

populations with three studies (Fig. 1b, c), We also found

that no heterogeneity existed in the Caucasian population,

which might decrease the cancer risk for (CA)19 carriers

(OR = 0.95; 95% CI, 0.85–1.07), while heterogeneity

existed in the Asian population, which might increase

the cancer risk for (CA)19 carriers(OR = 1.24; 95% CI,

Fig. 1 Overall meta-analysis

for IGF-I (CA)19

polymorphism [(CA)19 vs. non-

(CA)19 allele] in cancers. Each

comparison was presented by

the name of the first author and

the year of publication. The

study was shown by a point

estimate of the OR and the

accompanying 95% CI. n
indicates the total number of

(CA)19 alleles; N indicates the

total number of (CA)19 alleles

plus non-(CA)19 alleles. a
Analyzed the comparison in

cancers. b Analyzed the

comparison in Asian population

under a random-effects model. c
Analyzed the comparison in

Caucasian population under a

fixed-effects model
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0.99–1.56). However, no heterogeneity existed in the

Caucasian population, while significant heterogeneity

existed in the Asian population.

Other genetic contrasts

In 3 of the 17 eligible articles no detailed genotype data

were available (Yu et al. 2001; Figer et al. 2002; Li et al.

2004). Therefore, 14 articles were available when doing the

meta-analysis under other genetic contrasts. The results

further suggested that (CA)19 showed no association to

cancer risk in an additive genetic model, the summary

[OR = 0.99, 95% CI (0.84–1.16), P = 0.87, pheterogene-

ity = 0.001], as well as in recessive [OR = 0.96, 95% CI

(0.87–1.05), P = 0.36, Pheterogeneity = 0.05] and dominant

genetic models [OR = 1.05, 95% CI (0.91–1.20), P = 0.53,

Pheterogeneity = 0.0004]. Five of the 14 eligible articles

investigated prostate cancer, 6 studies investigated breast

cancer, and 3 studies investigated colorectal cancer. In the

three kinds of cancer, we also performed meta-analysis in

other different genetic models. No evidence of association

between (CA)19 polymorphism and prostate, breast, and

colorectal cancer was discerned, respectively (Table 3).

Sensitivity analysis

Sensitivity analysis was performed by sequential omission of

individual studies under various contrasts, as well as in

prostate cancer, breast cancer, and colorectal cancer sub-

groups. In the meta-analysis of the Asian population, after

exclusion of Tsuchiya et al. (2005), the heterogeneity no

longer existed, and the estimate of the overall effect changed

[OR = 1.12, 95% CI (1.01–1.24), P = 0.04, Pheterogene-

ity = 0.60]. In fact, the result of Tsuchiya et al.’s (2005) study

was that the 19-allele of IGF-I appears to increase the risk of

prostate cancer in the Japanese population, which did not

conflict with the results of the other two studies involved in

meta-analysis of the Asian population. In the prostate cancer

subgroup analysis, the between-study heterogeneity

remained after exclusion the study of Schildkraut et al.

Fig. 2 Three meta-analyses for

IGF-I (CA)19 polymorphism

[(CA)19 vs. non-(CA)19 allele]

in prostate, breast, and

colorectal cancer. Each

comparison was presented by

the name of the first author and

the year of publication. The

study was shown by a point

estimate of the OR and the

accompanying 95% CI. n
indicates the total number of

(CA)19 alleles; N indicates the

total number of (CA)19 alleles

plus non-(CA)19 alleles. a
Analyzed the comparison in

prostate cancer. b Analyzed the

comparison in breast cancer

under a random-effects model. c
Analyzed the comparison in

colorectal cancer under a fixed-

effects model
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(2005). Further exclusion of Tsuchiya et al. (2005) makes the

between-study heterogeneity no longer exist, but the overall

effect of the (CA)19 to the prostate cancer risk did not

change. In the breast cancer subgroup analysis, the between-

study heterogeneity remained after exclusion of the study of

Wagner et al. (2005); further exclusion of Cleveland et al.

(2006) makes the between-study heterogeneity no longer

exist, and the overall effect of the (CA)19 to breast cancer

risk changed [OR = 1.11, 95% CI (1.02–1.22), P = 0.02,

Pheterogeneity = 0.20].

Publication bias

Begg’s funnel plot for the comparison of (CA)19 allele vs.

non-(CA)19 allele in the OR analysis and Egger’s test

Table 3 Summary of odds ratios (ORs) and 95% CIs for various comparisons

Contrast Comparison

(number

of studies)

Random-effects

OR (95%CI)

Fixed-effects

OR (95%CI)

P for

heterogeneity

P value

(fixed)

P value

(random)

All cancer

(CA)19 allele versus non-(CA)19 allele All (17) 1.03 (0.95–1.11) 1.00 (0.96–1.05) 0.0001 0.54 0.84

(CA)19 allele versus non-(CA)19 allele Caucasians (5) 0.97 (0.82–1.14) 0.95 (0.85–1.07) 0.18 0.7 0.4

(CA)19 allele versus non-(CA)19 allele Asian (3) 1.24 (0.99–1.56) 1.18 (1.07–1.30) 0.02 0.06 0.001

(CA)19 homozygosity versus non-(CA)19

homozygosity

All (14) 0.99 (0.84–1.16) 0.95 (0.85–1.09) 0.001 0.87 0.65

(CA)19 homozygosity versus (CA)19

heterozygosity + non-(CA) 19

homozygosity

All (14) 0.96 (0.87–1.05) 0.95 (0.89–1.01) 0.05 0.36 0.1

(CA)19 homozygosity + (CA)19

heterozygosity versus non-(CA)19

homozygosity

All (14) 1.05 (0.91–1.20) 1.06 (0.98–1.15) 0.0004 0.53 0.12

Breast cancer

(CA)19 allele versus non-(CA)19 allele All (7) 1.03 (0.90–1.17) 1.00 (0.93–1.06) 0.05 0.69 0.94

(CA)19 homozygosity versus non-(CA)19

homozygosity

All (5) 1.18 (0.78–1.76) 1.12 (0.98–1.29) 0.00001 0.43 0.11

(CA)19 homozygosity versus (CA)19

heterozygosity + non-(CA)19

homozygosity

All (5) 0.97 (0.85–1.10) 0.95 (0.85–1.05) 0.18 0.63 0.35

(CA)19 homozygosity + (CA)19

heterozygosity versus non-(CA)19

homozygosity

All (5) 0.97 (0.79–1.19) 0.95 (0.85–1.17) 0.02 0.77 0.85

Prostate cancer

(CA)19 allele versus non-(CA)19 allele All (7) 1.05 (0.88–1.27) 1.08 (0.99–1.17) 0.0002 0.58 0.01

(CA)19 homozygosity versus non-(CA)19

homozygosity

All (6) 1.09 (0.70–1.68) 1.15 (0.94–1.21) 0.002 0.71 0.16

(CA)19 homozygosity versus (CA) 19

heterozygosity + non-(CA)19

homozygosity

All (6) 1.01 (0.78–1.31) 1.02 (0.89–1.17) 0.02 0.92 0.79

(CA)19 homozygosity + (CA)19

heterozygosity versus non-(CA)19

homozygosity

All (6) 1.12 (0.80–1.56) 1.25 (1.06–1.47) 0.002 0.51 0.008

Colorectal cancer

(CA)19 allele versus non-(CA)19 allele All (3) 0.96 (0.89–1.03) 0.96 (0.89–1.03) 0.36 0.28 0.27

(CA)19 homozygosity versus non-(CA)19

homozygosity

All (3) 0.92 (0.79–1.08) 0.92 (0.79–1.08) 0.78 0.31 0.31

(CA)19 homozygosity versus (CA)19

heterozygosity + non-(CA)19

homozygosity

All (3) 0.91 (0.81–1.01) 0.91 (0.81–1.01) 0.7 0.07 0.07

(CA)19 homozygosity + (CA)19

heterozygosity versus non-(CA)19

homozygosity

All (3) 1.02 (0.87–1.20) 1.02 (0.89–1.17) 0.28 0.77 0.77

CI confidence interval
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provided no evidence for funnel plot asymmetry in overall

cancer (t = 1.05, P = 0.309), breast cancer (t = 1.22,

P = 0.276), prostate cancer (t = -0.51, P = 0.631), and

colorectal cancer (t = 0.18, P = 0.886).

Discussion

Many studies report that high circulating IGF-I concen-

trations are associated with an increased risk of cancer

including prostate (Chan et al. 1998), breast (Hankinson

et al. 1998), colorectal (Ma et al. 1999), lung (Yu et al.

1999), and cervical (Schaffer et al. 2007) cancer. However,

some articles report IGF-I (CA) repeat polymorphisms

were associated with susceptibility to cancers including

prostate, breast, and colorectal cancer. In this study, we

performed meta-analysis of the three kinds of cancer. The

summary OR indicated that IGF-I (CA)19 polymorphisms

are not associated with cancer risk in all different

comparisons.

Three studies of meta-analyses in the Asian population

researched the relationship between IGF-I (CA)19 poly-

morphisms and prostate (Tsuchiya et al. 2005), breast

(Wen et al. 2005), and colorectal (Wong et al. 2005) can-

cer, respectively, while five articles of meta-analyses in the

Caucasian population just researched the relationship

between IGF-I (CA)19 polymorphisms and prostate

(Schildkraut et al. 2005; Chen et al. 2006) and breast

cancer (Wagner et al. 2005; Cleveland et al. 2006; Figer

et al. 2002). We found that no heterogeneity existed in the

Caucasian population, and it might decrease the cancer risk

for (CA)19 carriers, while heterogeneity existed in the

Asian population and might increase cancer risk for

(CA)19 carriers. A sensitivity analysis was performed in

the Asian population with three articles. Two out of three

articles observed that IGF-I genotypes containing the

(CA)19 were consistently associated with increased risk of

prostate and breast cancer (Wen et al. 2005; Tsuchiya et al.

2005). After exclusion of Tsuchiya et al. (2005), the het-

erogeneity no longer existed, and the estimated overall

effect changed [OR = 1.12, 95% CI (1.01–1.24), P = 0.04,

pheterogeneity = 0.60]. The study of Tsuchiya et al. (2005) is

the origin of the heterogeneity. The reason is not that the

study reported no relationship between (CA)19 allele and

cancer risk, but it indicated a more strong positive asso-

ciation between IGF-I (CA)19 polymorphism and

increased prostate cancer risk. This information indicated

that (CA)19 allele carriers might have increased risk of

cancer in the Asian population. In addition, the prevalence

rate of (CA)19 allele across the controls of Caucasian and

Asian descent were 65.5 and 33.3%, respectively. The

result indicated that the distribution of (CA)19 allele fre-

quency has a significant difference in Caucasian and Asian

populations, and the physiological function of (CA)19

allele might differentiate in different population. Overall,

the association of IGF-I (CA)19 polymorphisms to sus-

ceptibility to cancer might be different in different

populations. However, the study population of our meta-

analysis was composed of different races. The ethnic

composition of the study populations might be the main

reason why the results of our study yielded a non-statisti-

cally significant decreased or increased risk for (CA)19

carriers. We suggested that investigators should stratify

analyses by racial/ethnic group in the future.

Two of the 17 eligible articles were different from the

others (Wagner et al. 2005; Li et al. 2004), because they

used a related case-control design. The result of Li et al.’s

(2004) study was that no association existed between

genetic polymorphisms in IGF-I and prostate cancer.

Wagner et al. (2005) detected an increased breast cancer

risk with a borderline significance in the Polish familial

cases homozygous for the non-(CA)19 alleles (OR = 1.51,

0.96–2.39, P = 0.07). We excluded the two studies when

doing sensitivity analysis. But the overall effect of the

(CA)19 to the cancer risk did not change.

Prostate cancer is the most commonly diagnosed non-

cutaneous malignancy among men and the second leading

cause of cancer-related deaths in men in Western countries

(Landis et al. 1999). Several previous studies have shown

that the (CA)19 allele may be associated with increased

risk of prostate cancer (Tsuchiya et al. 2005; Schildkraut

et al. 2005). Other studies, however, reported a decreased

risk of prostate cancer subjects with the (CA)19 allele

(Friedrichsen et al. 2005) or no association (Li et al. 2004;

Neuhausen et al. 2005; Schildkraut et al. 2005; Chen et al.

2006; Nam et al. 2003). Molecular epidemiological studies

have presented seemingly contradictory results concerning

a potential role of the IGF-I (CA)19 polymorphisms in

prostate cancer susceptibility. In our meta-analysis in the

prostate cancer subgroup, seven articles were retrieved

based on the searching criteria for prostate cancer suscep-

tibility related to IGF-I (CA)19 polymorphisms. We aimed

to obtain summary estimates for the strength of the pos-

tulated genetic association, as well as to quantify and

explain the potential between-study heterogeneity. No

evidence of association between (CA)19 allele and prostate

cancer risk [P = 0.41, OR = 1.08, 95% CI (0.89–1.31),

Pheterogeneity \ 0.0001] was found. The between-study

heterogeneity remained after exclusion the study of

Schildkraut et al. (2005). Further exclusion of Tsuchiya

et al. (2005) makes the between-study heterogeneity no

longer exist, but the overall effect of the (CA)19 to the

cancer risk did not change. The main study population of

six out of seven articles was from Caucasians. This might

mean that our conclusion on prostate cancer was more

representative in the Caucasian population than in others
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and was not directly applicable to the Asian population.

Therefore, further research is warranted to reveal whether

prostate cancer susceptibility related to IGF-I (CA)19

polymorphisms or not in Asian population.

Breast cancer is the most common malignancy in women

worldwide (Parkin et al. 2001, 2002). There are two meta-

analyses for breast cancer that yielded conflicting results

(Wen et al. 2005; González-Zuloeta et al. 2007). We

updated the analysis by including new available published

data. The results of our meta-analysis yielded a non-statis-

tically significant increased cancer risk for (CA)19 carriers.

The result of the first meta-analysis indicated that IGF-I

genotypes containing the (CA)19 were consistently asso-

ciated with increased risk of breast cancer across four

studies (overall OR = 1.22, 95% CI: 1.06–1.41, P for het-

erogeneity test = 0.524, 1,331 breast cancer cases; 1,478

controls) (Wen et al. 2005). The findings supported the

hypothesis that IGF-I gene polymorphisms might be a

significant genetic factor for breast cancer susceptibility, in

contrast to the results found in our study. However, the

second meta-analysis results indicated that the IGF-I

(CA)19 polymorphism was not likely to predict the risk of

breast cancer across six studies in postmenopausal women.

The meta-analysis yielded a pooled OR = 1.05 (95% CI =

0.95–1.17) for (CA)19 heterozygous carriers versus

(CA)19 homozygous carriers, and OR = 1.26 (95% CI =

0.87–1.82) for (CA)19 non-carriers versus (CA)19 homo-

zygous carriers(González-Zuloeta et al. 2007), the same

results found in our study. In our study, the articles on the

relation between the IGF-I (CA)19 polymorphism and

breast cancer risk till now retrieved eight studies. The study

of Missmer et al. was not included in our meta-analysis

because the genotype distribution in the control population

significantly deviates from HWE. But this study was used in

two previous meta-analyses papers, which might cause

misleading results in those two previous meta-analyses. A

sensitivity analysis was performed in the breast cancer

subgroup. After exclusion of two studies by Wagner et al.

(2005) and Cleveland et al. (2006), the between-study het-

erogeneity no longer existe,d and the overall effect of the

(CA)19 to the cancer risk changed, yielding a positive result

that IGF-I (CA)19 carriers had significantly increased

breast cancer risk. However, to date, the relationship

between IGF-I (CA)19 polymorphisms and breast cancer

susceptibility was not sure, and further study is needed.

Four out of 17 articles researched the association IGF-I

(CA) repeat polymorphisms to susceptibility of colorectal

cancer. One article was replaced with its updated study. No

significant heterogeneity existed among the three studies

when comparing (CA)19 allele in colorectal cancer. But

the number of studies on colorectal cancer was so small

that we could not come to definite results. Therefore, the

results need to be verified in a larger study.

Many studies have found that IGF-I (CA) repeat poly-

morphism had many kinds of polymorphic forms. It has

been reported that the IGF-I polymorphic (CA) repeat

ranges from 11 to 23 units (Wen et al. 2005; Cleveland et al.

2006). The (CA)19 allele was reportedly most frequently

observed in Caucasians (Cleveland et al. 2006), and some

studies showed that (CA)19 alleles are also most commonly

found in Asians (Wen et al. 2005; Tsuchiya et al. 2005). The

distribution of (CA)19 allele varies in different populations.

It indicated that future work in this area should be stratified

according to race and ethnicity. Since the (CA) repeat

region in the IGF-I gene is located near the promoter, 1 kb

upstream from the transcription initiation site, some studies

have suggested that the polymorphic (CA) repeats affected

transcription activity of the gene (Tae et al. 1994). Several

previous studies have shown that the (CA)19 allele might be

associated with an elevated level of plasma IGF-I (Vaessen

et al. 2001; Rietveld et al. 2003), while other studies

reported a reduced level of plasma IGF-I subjects with the

(CA)19 allele (Jernstrom et al. 2001a, b; Rosen et al. 1998)

or no association (Wen et al. 2005; Chen et al. 2006;

Friedrichsen et al. 2005; Allen et al. 2002; Kato et al. 2003).

Five of the 17 eligible articles investigated the association

of IGF-I genotype not only with phenotype, but also with

cancer risk (Wen et al. 2005; Chen et al. 2006; Friedrichsen

et al. 2005; Yu et al. 2001; DeLellis et al. 2003). But the

definite relationships among them are still unclear. In

addition, the relationship between the (CA)17, (CA)21

allele and level of plasma IGF-I has been reported in some

studies (Wen et al. 2005; Wong et al. 2005).Furthermore,

Gebhardt et al. (1999) reported that the length of the repeats

was inversely correlated with the transcription activity of

the gene. Therefore, if the association IGF-I (CA) repeat

polymorphism to circulating IGF-I concentrations is exists,

the more reasonable explanation should be the length of

(CA) repeats is proportional or inversely proportional to

circulating IGF-I concentrations. Cleveland et al. (2006)

reported that IGF-I genotypes that include alleles with

fewer than (CA)19 repeats appear to be associated with an

increased risk of breast cancer, particularly among pre-

menopausal women. One study has also found a reverse

association of breast cancer risk with the (CA)17 allele

(Wen et al. 2005). Previous investigations of the IGF-I

promoter (CA) repeat polymorphism have generally cate-

gorized IGF-I genotype with respect to whether a subject

carried a (CA)19 repeat allele or not. Therefore, it is pos-

sible that the association between IGF-I (CA) repeat

polymorphisms and cancer risk might be modified by the

number of (CA) repeats. However, no sufficient studies are

available to be included that do meta-analysis so far. More

careful stratification analyses according to the length of

(CA) repeats and cancer types are needed. For example, the

number of (CA) repeats should below 19 or above 19.
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Although our meta-analysis yielded a negative associa-

tion between IGF-I (CA) repeat polymorphisms and cancer

risk, some potential analytic issues should also be consid-

ered. First, some nondifferential misclassification bias is

possible. Most studies could not exclude latent cancer cases

in the control group. Second, we could not address whether

these IGF-I polymorphisms might have an effect on the

clinical behavior of cancer or other clinicopathologic

attributes. The meta-analysis cannot exclude the possibility

that other polymorphisms in IGF-I may still be useful to

pursue. Moreover, we could not address gene-gene and

gene-environmental interactions. The latter may be

important for genes that code proteins with detoxifying

function, but would require detailed information on expo-

sures to various potential carcinogens and individual-level

data (Ioannidis et al. 2002) and would be most meaningful

only for common exposures that are found to be strong risk

factors for the disease.

A very large number of subjects is needed to establish or

refute a genetic association of modest magnitude (Ioannidis

et al. 2001), and even larger numbers are needed to validate

subgroup differences, let alone more subtle associations

such as gene-gene and gene-environment interactions.

Given the large number of potential genetic risk factors that

may be probed, several initial observations may not be

validated by subsequent evidence.

In conclusion, our meta-analysis suggests that the

IGF-I (CA)19 polymorphism had no association to cancer

risk in a worldwide population. Further stratification to

ethnicity (Caucasians and Asians) and cancer types

(prostate, breast, and colorectal cancer) did not reveal the

significant association of the polymorphism to cancer risk.

However, a significant difference of distribution of

genotypes of IGF-I (CA)19 polymorphism did exist in

Caucasians and Asians. Whether the IGF-I (CA)19

polymorphism has association to different kinds of cancer

risk needs further investigation. More studies or large

case-control studies, especially in Asian populations,

should be performed to clarify possible roles of IGF-I

(CA) repeat polymorphism in cancer. In addition, future

studies for the length of (CA) repeats focus not only on

(CA)19 versus non-(CA)19, but also on the comparison of

other alleles selected from the group.
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González-Zuloeta Ladd AM, Liu F, Houben MP, Arias Vasquez A,

Siemes C, Janssens AC, Coebergh JW, Hofman A, Janssen JA,

Stricker BH, van Duijn CM. (2007) IGF-1 CA repeat variant and

breast cancer risk in postmenopausal women. Eur J Cancer doi:

10.1016/j.ejca.2007.04.026

Gebhardt F, Zanker KS, Brandt B (1999) Modulation of epidermal

growth factor receptor gene transcription by a polymorphic

dinucleotide repeat in intron 1. J Biol Chem 274:13176–13180

Harrela M, Koistinen H, Kaprio J, Lehtovirta M, Tuomilehto J,

Eriksson J, Toivanen L, Koskenvuo M, Leinonen P, Koistinen R,
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