
 

 

Introduction 
 
The incidence of pancreatic cancer (PC) is in-
creasing in Japan, and this cancer is now the 
fifth-leading cause of cancer-related mortality [1
-5]. Early detection of PC in its operable stage is 
difficult and the potential of curative treatment, 
such as complete surgical removal, is limited. 
These characteristics give PC a five-year survival 
rate of only 5.5% [6]. These characteristics em-
phasize the importance of epidemiological ap-
proaches which aim to predict the risk of PC by 
identifying groups at high risk, and thereby de-
crease the number of PC deaths.  

A number of possible risk factors for PC have 
been identified, including smoking, overweight, 
diabetes mellitus, alcohol consumption, and 
chronic pancreatitis [2, 7-11]. Familial aggrega-
tion of PC has also been reported, which may 
suggest the possible involvement of genetic 
factors in PC incidence [5, 12]. Several recent 
reports have described an association between 
insulin-like growth factor-1 (IGF-1) and PC, and 
one study reported the effect of IGF-1 polymor-
phisms on the risk of PC in a Western popula-
tion [4, 13, 14]. IGF-1 polymorphisms and ele-
vated serum levels of IGF-1 have been associ-
ated with an increased risk of several cancers, 
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Abstract: Although several reports have described a possible association between insulin-like growth factors-1 (IGF-1) 
and pancreatic cancer (PC) risk, this association has not been evaluated in the non-Caucasian population. To assess 
the impact of IGF-1 polymorphisms on PC risk in Japanese, we conducted a case-control study which compared the 
frequency of ten single nucleotide polymorphisms (SNPs) and haplotypes of IGF-1. SNPs were investigated using the 
TaqMan method in 176 patients with PC and 1402 control subjects. Exposure to risk factors was assessed from the 
results of a self-administered questionnaire. Associations and gene-environment interactions were examined using 
an unconditional logistic regression model. We did not observe any significant main effect of IGF-1 loci, but did find 
interactions between rs5742714 and past and/or current body-mass index (BMI) status. Among patients with BMI ≥ 
25 at age 20, an increased PC risk was observed with the addition of the minor allele for rs5742714 (trend P = 
0.048) and rs6214 (P = 0.043). Among patients with current BMI ≥ 25, an increased or decreased PC risk was ob-
served with the addition of the minor allele for rs5742714 (trend P = 0.046), rs4764887 (P = 0.031) and rs5742612 
(P = 0.038). Haplotype analysis of IGF-1 showed a significant association among patients who were either or both 
previously or currently overweight. These findings suggest that IGF-1 polymorphisms may affect the development of 
PC in the Japanese population in combination with obesity. Further studies to confirm these findings are warranted. 
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including prostate, colorectal, stomach and 
breast [15-22], and IGF-1 is highly expressed in 
PC cells [23]. The IGF-1-mediated signaling 
pathway leads to increased proliferation, inva-
sion and angiogenesis, and decreased apop-
tosis [24-26]. Moreover, some reports have indi-
cated that overweight may exert its influence on 
cancer risk through its effects on the serum 
concentration of IGF-1 [4, 27]. 
 
Here, to further evaluate the potential impact of 
IGF-1 polymorphisms on PC risk, we conducted 
a case-control study to evaluate the effect of IGF
-1 genotypes and haplotypes on PC risk in a 
Japanese population. In addition, because over-
weight is a well-known risk factor for PC and IGF-
1 polymorphisms may affect the association 
between overweight and PC risk, we also as-
sessed gene-environment interactions, including 
the interaction of IGF-1 genotypes and haplo-
types with overweight. 
 
Materials and methods 
 
Study population 
 
Case subjects were 176 PC patients with no 
prior history of cancer who were diagnosed at 
Aichi Cancer Center Hospital (ACCH), Nagoya, 
Japan, between January 2001 and November 
2005. Control subjects were 1402 randomly 
selected non-cancer outpatient visitors to ACCH 
during the same period who had no history of 
any cancer. All subjects were enrolled at first 
visit to ACCH in the Hospital-based Epidemiol-
ogical Research Program II at ACCH (HERPACC-
II) between January 2001 and November 2005. 
The framework of HERPACC-II has been de-
scribed elsewhere [28]. Briefly, all first-visit out-
patients to ACCH aged 20-79 years are asked to 
fill out a self-administered questionnaire regard-
ing their lifestyle before development of the cur-
rent symptoms. Responses are checked by 
trained interviewers. Outpatients are also asked 
to provide a 7-mL blood sample. Approximately 
95% of eligible subjects complete the question-
naire and 50% provide blood samples. All data 
are loaded into the HERPACC database, which is 
periodically synchronized with the hospital can-
cer registry system to update the data on cancer 
incidence. Approximately 35% of subjects (46% 
of male subjects and 28% of female subjects) 
were diagnosed with cancer within a year of first 
visit. In this study, we defined patients diag-
nosed with PC within a year of first visit as the 

case population. A total of 75.7% of PC cases 
had histological confirmation, of which 92.1% 
were ductal adenocarcinoma. Our previous 
study showed that the lifestyle patterns of first-
visit outpatients to ACC corresponded with 
those of individuals randomly selected from 
Nagoya's general population, confirming the 
external validity of the study [29]. The present 
study was approved by the Ethics Committee of 
Aichi Cancer Center and informed consent was 
obtained at first visit from all participants. 
 
Selection and genotyping of IGF-1 polymor-
phisms 
 
Based on the HapMap database for Japanese 
residing in Tokyo [30, 31], we selected tag sin-
gle nucleotide polymorphisms (SNPs) for IGF-1 if 
they fit the following criteria: a minor allele fre-
quency greater than 30% and a haplotype R-
squared value greater than 0.80. We selected 
ten loci on the IGF-1 gene, namely rs5742714, 
rs6214, rs1520220, rs6539035, rs4764887, 
rs2288378, rs2195239, rs12423791, 
rs2162679, and rs5742612 (Supplemental 
Figure 1). DNA of each subject was extracted 
from the buffy coat fraction using a DNA Blood 
Mini Kit (Qiagen, Tokyo, Japan). All loci were 
examined by the TaqMan method with probes 
and primers (Applied Biosystems, Foster City, 
CA, USA) and Fluidigm EP1 SNP Genotyping 
96.96 Dynamic Array (Fluidigm Corp., South San 
Francisco, CA). Approximately 10% of subjects 
were examined in duplicate to confirm consis-
tency in genotyping. 
 
Assessment of exposure 
 
Exposure to potential PC risk factors was as-
sessed using a self-administered questionnaire, 
which was completed before diagnosis during 
the first visit to ACCH. Responses were reviewed 
by trained interviewers. Subjects were specifi-
cally questioned about their lifestyle before the 
onset of the symptoms which impelled their visit 
to ACCH. Daily alcohol consumption in grams 
was determined by summing the pure alcohol 
amount in the average daily consumption of 
Japanese sake (rice wine), shochu (distilled 
spirit), beer, wine and whiskey, with one cup of 
Japanese sake (180 mL) considered equivalent 
to 23 g of ethanol; one drink of shochu (108 
mL) to 23 g; one large bottle of beer (633 mL) 
to 23 g; one glass of wine (80 mL) to 10 g; and 
one shot of whiskey (28.5 mL) to 11.5 g. Cumu-
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lative smoking exposure was measured in pack-
years (PY), the product of the average number 
of packs per day and the number of years of 
smoking. Height and body weight at baseline 
and weight at age 20 years were self-reported. 
Body mass index (BMI) at age 20 and current 
BMI were calculated by dividing the weight in 
kilograms by the height in meters squared, and 
expressed as kg/m2. Past history was also ob-
tained from the self-administered questionnaire 
results. A family history of PC was considered 
positive when at least one parent or sibling had 
a history of PC. 
 
Statistical analysis 
 
All statistical analyses were performed using 
Stata version 10 (Stata Corp., College Station, 
TX, US). A P-value <0.05 was considered statisti-
cally significant. Differences in characteristics 
between cases and controls were assessed us-
ing the chi-squared test. Odds ratios (ORs) and 
95% confidence intervals (CIs) were estimated 
using an unconditional logistic regression model 
adjusted for potential confounders. Potential 
confounders considered in multivariate analysis 
were age, sex (male or female), PY of smoking 
(<5, <20, <40, or ≥41), drinking habit (non-
drinker, <23, <46, or ≥46 g/day), BMI at age 20 
(<18.5, <22.5, <25, <30, or ≥30 kg/m2), cur-
rent BMI (<18.4, <22.5, <25, <30, or ≥30 kg/
m2), history of diabetes mellitus (yes or no), and 
family history of PC (yes or no). As we had an a 
priori hypothesis about gene-environmental in-
teraction between IGF-1 loci and a status as 
obese (defined as a BMI ≥25 kg/m2), we as-
sessed this by including interaction terms in the 
models. In haplotype analysis, we used haplo-
type-effects logistic regression for case-control 
data [32]. We also calculated gene-environment 
interactions under a case-only design [33] to 
confirm the robustness of our results. We evalu-
ated linkage disequilibrium (LD) by means of 
linkage disequilibrium coefficients (R2). Accor-
dance with the Hardy-Weinberg Equilibrium 
(HWE) was assessed by the chi-squared test.  
 
Results 
 
Background characteristics of subjects are 
shown in Table 1. Men accounted for 68.2% of 
case subjects and 74.6% of controls. Compared 
to the control group, the case group had a sig-
nificantly higher prevalence of heavy smoking (P 
= 0.010), higher prevalence of a history of dia-

betes mellitus (P < 0.001), higher BMI at age 
20 (P = 0.014), and lower current BMI (P = 
0.009).  
 
Table 2 shows genotype distributions for the ten 
SNPs at the IGF-1 gene and their ORs and 95% 
CIs for PC risk. Seven of the ten SNPs 
(rs5742714, rs6214, rs1520220, rs4764887, 
rs2288378, rs2195239, and rs5742612) were 
in accordance with HWE while the remaining 
loci (rs6539035, rs12423791, and rs2162679) 
were not. In addition, rs2288378 was in strong 
LD with rs5742714 (R2 = 0.91). These four loci 
(rs6539035, rs2288378, rs12423791, and 
rs2162679) were accordingly excluded from 
further analysis. Regarding the remaining six 
loci, no significant association with PC risk was 
seen by either genotype or per-allele model. 
 
To investigate the influence of IGF-1 genotype 
on the association between BMI and PC risk, we 
compared genotype distributions in subgroup 
analysis (Table 3 and 4). Among patients with 
BMI ≥ 25 at age 20, an increased PC risk was 
observed with the addition of the minor allele 
for rs5742714 (trend P = 0.048) and rs6214 (P 
= 0.043). Among patients with current BMI ≥ 
25, an increased PC risk was observed with the 
addition of the minor allele for rs5742714 (trend 
P = 0.046), and a decreased risk with that for 
rs4764887 (P = 0.031) and rs5742612 (P = 
0.038). Gene-environment interaction with BMI 
status (BMI < 25 or ≥ 25) at age 20 was margin-
ally significant for rs5742714 (interaction P = 
0.059). Interaction between current BMI status 
was significant for rs5742714 (interaction P = 
0.029). In addition, to explore potential effect 
modification between potentially confounding 
factors and IGF-1 genotypes, we also performed 
subgroup analysis according to smoking status 
(<5 or ≥ 5 pack-year), history of diabetes melli-
tus (yes or no), drinking alcohol (<23 or ≥ 23 g 
ethanol/day) and family history of PC (yes or 
no), but no significant interactions were found. 
 
Haplotype analysis was conducted on four SNPs 
(rs5742714, rs6214, rs4764887, and 
rs5742612) which influenced the association 
between BMI and PC risk. The associations be-
tween IGF-1 haplotypes and PC risk are summa-
rized in Table 5. Only haplotypes with frequen-
cies > 0.01 in control subjects were examined. 
Compared to the most common haplotype, 
GAGT, the haplotype CGGT showed a non-
significant risk elevation (adjusted OR = 2.83, 
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95%CI = 0.96 - 8.34) among patients with BMI 
≥ 25 at age 20. Moreover, the interaction be-
tween haplotypes and BMI status at age 20 was 
significant for haplotype CGGT (interaction P = 
0.041). Table 6 compares CGGT as a risk haplo-
type with the other haplotypes combined. Com-
pared to the non-risk haplotypes, the risk haplo-
type showed elevated ORs of 2.34 (95% CI, 

1.05 - 5.23) and 1.73 (95% CI, 1.07 - 2.98) 
among patients with BMI ≥ 25 at age 20 and 
current BMI ≥ 25, respectively. The interaction 
between BMI status and the risk haplotype was 
also significant for BMI at age 20 (P = 0.017) 
and current BMI (interaction P = 0.009). Case-
only analysis showed consistently significant 
interactions between BMI status and the risk 

Table 1. Characteristics of case and control subjects 
  Cases (%) Controls (%) 

p-values* 
  n=176 n=1402 
Age        0.988 
  <40 10 (5.68) 73 (5.21)  
  ≥40 but <50 19 (10.80) 143 (10.20)  
  ≥50 but <60 59 (33.52) 462 (32.95)  
  ≥60 but <70 55 (31.25) 466 (33.24)  
  ≥70 33 (18.75) 258 (18.40)   
Sex      0.067 

  Male 12
0 (68.18) 1046 (74.64)  

  Female 56 (31.82) 356 (25.39)   
BMI† at age 20 years (kg/m2)     0.014 
  <18.5 14 (7.95) 165 (11.77)  
  ≥18.5 but <22.5 109 (61.93) 935 (66.69)  
  ≥22.5 but <25 36 (20.45) 219 (15.62)  
  ≥25 but <27.5 11 (6.25) 69 (4.92)  
  ≥27.5 6 (3.41) 14 (1.00)   
Current BMI† (kg/m2)      0.009 
  <18.5 15 (8.52) 59 (4.21)  
  ≥18.5 but <22.5 81 (46.02) 539 (38.45)  
  ≥22.5 but <25 42 (23.86) 465 (33.17)  
  ≥25 but <27.5 24 (13.64) 231 (16.48)  
  ≥27.5 14 (7.95) 108 (7.70)   
Cigarette pack-years     0.010 
  <5 67 (38.07) 619 (44.15)  
  ≥5 but <20 20 (11.36) 196 (13.98)  
  ≥20 but <40 33 (18.75) 297 (21.18)  
  ≥40 56 (31.82) 290 (20.68)   
Drinking, g ethanol/day     0.464 
  None 54 (30.68) 473 (33.74)  
  <23 50 (28.41) 412 (29.39)  
  ≥23 but <46 41 (23.30) 330 (23.54)  
  ≥46 31 (17.61) 187 (13.34)   
History of diabetes mellitus     <0.001 
  Yes 35 (19.89) 108 (7.70)  
  No 141 (80.11) 1294 (92.30)   
Family history of pancreatic cancer      0.727 
  Yes 8 (4.55) 56 (3.99)  
  No 168 (95.45) 1346 (96.01)   
† BMI: body mass index.   * Chi-squared test 
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 Table 2. Associatin of IGF-1 polymorphisms on risk of pancreatic cancer 
Polymorphism Genotype No. of cases/controls (%) ORs† (95% CI) 
rs5742714 GG 106(60.23) / 861(61.41) 1.00 (ref.) 
 GC 64(36.36) / 463(33.02) 1.13 (0.80 ‐ 1.59) 
 CC 6(3.41) / 78(5.56) 0.54 (0.22 ‐ 1.29) 
 (P trend)    0.669 
  minor allele (C) frequency in control subjects = 0.221 ( HWE‡: P = NS) 
rs6214 AA 43(24.43) / 420(29.96) 1.00 (ref.) 
 GA 94(53.41) / 668(47.65) 1.41 (0.95 ‐ 2.10) 
 GG 39(22.16) / 314(22.40) 1.20 (0.75 ‐ 1.93) 
 (P trend)    0.387 
  minor allele (G) frequency in control subjects = 0.462 ( P = NS) 
rs1520220 CC 46(26.14) / 358(25.53) 1.00 (ref.) 
 CG 97(55.11) / 697(49.71) 1.13 (0.77 ‐ 1.66) 
 GG 33(18.75) / 347(24.75) 0.74 (0.46 ‐ 1.21) 
 (P trend)    0.249 
  minor allele (G) frequency in control subjects = 0.496 ( P = NS) 
rs6539035 TT 105(59.66) / 871(62.13) 1.00 (ref.) 
 CT 44(25.00) / 310(22.11) 1.18 (0.80 ‐ 1.74) 
 CC 27(15.76) / 221(15.76) 0.96 (0.60 ‐ 1.54) 
 (P trend)    0.904 
  minor allele (C) frequency in control subjects = 0.268 ( P < 0.001) 
rs4764887 GG 97(55.11) / 738(52.64) 1.00 (ref.) 
 AG 73(41.48) / 540(38.52) 1.06 (0.76 ‐ 1.48) 
 AA 6(3.41) / 124(8.84) 0.40 (0.17 ‐ 0.94) 
 (P trend)    0.199 
  minor allele (A) frequency in control subjects = 0.281 ( P = NS) 
rs2288378 GG 106(60.23) / 871(62.13) 1.00 (ref.) 
 AG 63(35.80) / 453(32.31) 1.15 (0.81 ‐ 1.63) 
 AA 7(3.98) / 78(5.56) 0.64 (0.28 ‐ 1.47) 
 (P trend)    0.845 
  minor allele (A) frequency in control subjects = 0.217 ( P = NS) 
rs2195239 GG 54(30.68) / 431(30.74) 1.00 (ref.) 
 GC 95(53.98) / 673(48.00) 1.10 (0.76 ‐ 1.59) 

 
CC 27(15.34) / 298(21.26) 0.72 (0.4

4 ‐ 1.18) 

 (P trend)    0.289 
  minor allele (C) frequency in control subjects = 0.453 ( P = NS) 
rs12423791 GG 97(54.92) / 770(54.92) 1.00 (ref.) 
 CG 73(41.48) / 511(36.45) 1.17 (0.83 ‐ 1.63) 
 CC 6(3.41) / 121(8.63) 0.42 (0.18 ‐ 0.99) 
 (P trend)    0.397 
  minor allele (C) frequency in control subjects = 0.269 ( P = 0.007) 
rs2162679 AA 70(39.77) / 580(41.37) 1.00 (ref.) 
 GA 87(49.43) / 613(43.72) 1.30 (0.91 ‐ 1.84) 
 GG 19(10.80) / 209(14.91) 0.77 (0.45 ‐ 1.34) 
 (P trend)    0.799 
  minor allele (G) frequency in control subjects = 0.368 ( P = 0.025) 
rs5742612 TT 85(48.30) / 696(49.64) 1.00 (ref.) 
 TC 81(46.02) / 582(41.51) 1.19 (0.85 ‐ 1.66) 
 CC 10(5.68) / 124(8.84) 0.68 (0.34 ‐ 1.37) 
 (P trend)    0.834 
  minor allele (C) frequency in control subjects = 0.296 ( P = NS) 

†Multivariable adjustment by age, sex, BMI at age 20 years, current BMI, smoking status, drinking habit, diabetes 
mellitus, and family history of pancreatic cancer;  ‡ HWE: Hardy-Weinberg Equilibrium Test 
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Table 3. Interaction between IGF-1 genotypes and BMI at age 20 on the risk of pancreatic cancer 
     BMI at age 20 years  < 25(kg/m2)   BMI at age 20 years  ≥ 25(kg/m2)   

Polymorphism Genotype No. of cases/controls (%) ORs† (95% CI)   No. of cases/controls (%) ORs† (95% CI) interaction P 

rs5742714 GG 99(62.26) / 809(61.33) 1.00 (ref.)  7(41.18) / 52(62.65) 1.00 (ref.)  
GC 57(35.85) / 440(33.36) 1.07 (0.75 ‐ 1.52)  7(41.18) / 23(27.71) 3.33 (0.72 ‐ 15.32)  
CC 3(1.89) / 70(5.31) 0.32 (0.10 ‐ 1.05)  3(17.65) / 8(9.64) 9.02 (1.23 ‐ 66.21) 0.059 

  (P trend)       0.338         0.048   

rs6214 AA 42(26.42) / 392(29.72) 1.00 (ref.)  1(5.88) / 28(33.73) 1.00 (ref.)  
GA 83(52.20) / 636(48.22) 1.22 (0.82 ‐ 1.83)  11(64.71) / 32(38.55) 43.47 (2.48 ‐ 763.21)  
GG 34(21.38) / 291(22.06) 1.09 (0.67 ‐ 1.77)  5(29.41) / 23(27.71) 38.26 (1.92 ‐ 762.98) 0.15 

  (P trend)       0.715         0.043   

rs1520220 CC 42(26.42) / 338(25.63) 1.00 (ref.)  4(23.53) / 20(24.10) 1.00 (ref.)  

 CG 91(57.23) / 652(49.43) 1.17 (0.79 ‐ 1.75)  6(35.29) / 45(54.22) 0.67 (0.11 ‐ 3.93)  

 GG 26(16.35) / 329(24.94) 0.64 (0.38 ‐ 1.08)  7(41.18) / 18(21.69) 6.41 (0.79 ‐ 52.31) 0.219 

  (P trend)       0.148         0.331   

rs4764887 GG 87(54.72) / 694(52.62) 1.00 (ref.)  10(58.82) / 44(53.01) 1.00 (ref.)  
AG 66(41.51) / 507(38.44) 1.05 (0.74 ‐ 1.50)  7(41.18) / 33(39.76) 1.18 (0.31 ‐ 4.46)  
AA 6(3.77) / 118(8.95) 0.43 (0.18 ‐ 1.02)  0(0.00) / 24(6.74)  n.e.   0.524 

  (P trend)       0.267         0.261   

rs2195239 GG 50(31.45) / 409(31.01) 1.00 (ref.)  4(23.53) / 22(26.51) 1.00 (ref.)  
GC 87(54.72) / 628(47.61) 1.14 (0.78 ‐ 1.67)  8(47.06) / 45(54.22) 1.67 (0.28 ‐ 9.80)  
CC 22(13.84) / 282(21.38) 0.64 (0.38 ‐ 1.10)  5(29.41) / 16(19.28) 4.91 (0.65 ‐ 36.91) 0.341 

  (P trend)       0.227         0.415   

rs5742612 TT 74(46.54) / 657(49.81) 1.00 (ref.)  11(64.71) / 39(46.99) 1.00 (ref.)  
TC 75(47.17) / 542(41.09) 1.26 (0.89 ‐ 1.79)  6(35.29) / 40(48.19) 0.55 (0.14 ‐ 2.19)  
CC 10(6.29) / 120(9.10) 0.76 (0.37 ‐ 1.53)  0(0.00) / 4(4.82)  n.e.   0.133 

  (P trend)       0.856         0.121   

†Multivariable adjustment by age, sex, current BMI, smoking status, drinking habit, diabetes mellitus, and family history of pancreatic cancer 
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Table 4. Interaction between IGF-1 genotypes and current BMI on the risk of pancreatic cancer 
    Current BMI < 25(kg/m2)   Current BMI ≥ 25(kg/m2)   

Polymorphism Genotype No. of cases/controls (%) ORs† (95% CI)   No. of cases/controls (%) ORs† (95% CI) interaction P 

rs5742714 GG 97(66.44) / 674(61.61) 1.00 (ref.)  16(42.11) / 207(61.06) 1.00 (ref.)  
GC 46(31.51) / 359(32.82) 0.92 (0.62 ‐ 1.37)  19(50.00) / 113(33.33) 2.47 (1.15 ‐ 5.33)  
CC 3(2.05) / 61(5.8) 0.30 (0.09 ‐ 1.02)  3(7.89) / 19(5.60) 1.62 (0.38 ‐ 6.90) 0.029 

  (P trend)       0.113         0.046   

rs6214 AA 39(26.71) / 340(31.08) 1.00 (ref.)  8(21.05) / 94(27.73) 1.00 (ref.)  
GA 79(54.11) / 512(46.80) 1.38 (0.89 ‐ 2.14)  18(47.37) / 162(47.79) 1.32 (0.52 ‐ 3.36)  
GG 28(19.18) / 242(22.12) 1.07 (0.62 ‐ 1.84)  12(31.58) / 83(24.48) 1.87 (0.66 ‐ 5.31) 0.428 

  (P trend)       0.711         0.192   

rs1520220 CC 38(26.03) / 283(25.87) 1.00 (ref.)  9(23.68) / 84(24.78) 1.00 (ref.)  

 CG 83(56.85) / 540(49.36) 1.12 (0.73 ‐ 1.72)  19(50.00) / 171(50.44) 1.08 (0.44 ‐ 2.68)  

 GG 25(17.12) / 271(24.77) 0.62 (0.35 ‐ 1.09)  10(26.32) / 84(24.78) 1.10 (0.39 ‐ 3.10) 0.539 

  (P trend)       0.115         0.919   

rs4764887 GG 72(52.17) / 567(53.34) 1.00 (ref.)  25(65.79) / 171(50.44) 1.00 (ref.)  
AG 61(44.20) / 393(36.97) 1.25 (0.86 ‐ 1.83)  12(31.58) / 147(43.36) 0.50 (0.22 ‐ 1.10)  
AA 5(3.62) / 107(9.78) 0.42 (0.16 ‐ 1.09)  1(2.63) / 21(6.19) 0.29 (0.03 ‐ 2.49) 0.114 

  (P trend)       0.547         0.031   

rs2195239 GG 44(31.88) / 333(31.33) 1.00 (ref.)  10(28.91) / 98(28.91) 1.00 (ref.)  
GC 74(53.62) / 505(47.51) 1.08 (0.72 ‐ 1.63)  21(55.26) / 168(49.56) 1.22 (0.52 ‐ 2.89)  
CC 20(14.49) / 225(21.17) 0.66 (0.37 ‐ 1.17)  7(18.42) / 73(21.53) 1.00 (0.34 ‐ 2.98) 0.617 

  (P trend)       0.206         0.844   

rs5742612 TT 63(43.15) / 552(50.46) 1.00 (ref.)  23(60.53) / 161(47.49) 1.00 (ref.)  
TC 70(47.95) / 437(39.95) 1.36 (0.93 ‐ 2.00)  15(39.47) / 155(45.72) 0.66 (0.31 ‐ 1.40)  
CC 13(8.90) / 105(9.60) 0.90 (0.44 ‐ 1.84)  0(0.00) / 23(6.78)  n.e.   0.06 

  (P trend)       0.519         0.038   

†Multivariable adjustment by age, sex, BMI at age 20 years, smoking status, drinking habit, diabetes mellitus, and family history of pancreatic cancer 
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Table 5. Haplotype analysis of IGF-1 and risk for pancreatic cancer 

H
ap

lo
ty

pe
†

  

SNPs‡ Haplotype Frequencies Overall Former BMI (at age 20) Current BMI 

1 
(G>C) 

2 
(A>G) 

3 
(G>A) 

4 
(T>C) Overall Cases Controls 

Adjusted§ OR 
(cases/controls  

176/1402) 

Adjusted†† OR 
BMI < 25 

(cases/control
s:  

159/1319) 

Adjusted†† OR 
BMI ≥ 25  

(cases/control
s: 

17/83) 

Interaction with 
BMI status¶  
(p-values) 

Adjusted‡‡ OR  
BMI < 25  

(cases/control
s:  

138/1063) 

Adjusted‡‡  OR 
BMI ≥ 25  

(cases/control
s:  

38/339) 

Interaction with 
BMI Status¶ 
(p-values) 

1 G A G T 0.245 0.238 0.246 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)  -  1.00 (ref.) 1.00 (ref.)  -  

2 G G G T 0.199 0.238 0.194 
1.11  

(0.81‐1.54) 
1.08  

(0.77 ‐ 1.51) 
1.76  

(0.56 ‐ 5.55) 
0.409 

1.23  
(0.85 ‐ 1.78) 

0.80  
(0.39 ‐ 1.62) 

0.621 

3 G G G C 0.049 0.054 0.048 
0.97  

(0.56‐1.68) 
1.02  

(0.59 ‐ 1.78) 
n.e. 0.986 

1.15  
(0.63 ‐ 2.08) 

0.45  
(0.10 ‐ 2.00) 

0.316 

4 C G G T 0.216 0.217 0.216 
0.99  

(0.72‐1.38) 
0.88  

(0.62 ‐ 1.25) 
2.83  

(0.96 ‐ 8.34) 
0.041 

0.88  
(0.60 ‐ 1.29) 

1.35  
(0.72 ‐ 2.54) 

0.122 

5 G A A T 0.042 0.032 0.043 
0.55  

(0.25‐1.22) 
0.51  

(0.22 ‐ 1.20) 
1.24  

(0.13 ‐ 12.10) 
0.517 

0.62  
(0.26 ‐ 1.47) 

0.33  
(0.04 ‐ 2.57) 

0.584 

6 G A A C 0.232 0.209 0.235 
0.93  

(0.67‐1.28) 
0.92  

(0.66 ‐ 1.29) 
1.20  

(0.35 ‐ 4.04) 
0.803 

1.03  
(0.71 ‐ 1.47) 

0.63  
(0.30 ‐ 1.30) 

0.357 

†Only haplotype with frequencies > 0.01 in control subjects were examined; ‡SNP 1 is rs5742714, 2 is rs6214, 3 is rs4764887, and 4 is rs5742612. §Multivariable adjustment by age, sex, BMI at age 20 
years, current BMI, smoking status, drinking habit, diabetes mellitus, and family history of pancreatic cancer; ¶BMI status: BMI <25 or ≥ 25; ††Multivariable adjustment by age, sex, current BMI, smoking 
status, drinking habit, diabetes mellitus, and family history of pancreatic cancer; ‡‡Multivariable adjustment by age, sex, BMI at age 20 years, smoking status, drinking habit, diabetes mellitus, and family 
history of pancreatic cancer. 
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Table 6. Risk of pancreatic cancer among subjects with haplotype CGGT‡ 

Haplotype†  

 
Overall 

 
Former BMI (at age 20)   

Current BMI 

Adjusted§ OR Adjusted‡‡ OR Adjusted‡‡ OR 

Interaction 
with BMI 
status¶ 

(p-value) 

Interaction 
with BMI 
status¶   

(p-value) 
(Case-only) 

Adjusted§§ OR Adjusted§§ OR 

Interaction with BMI 
status¶ 

(p-value) 

Interaction 
with BMI 
status¶  

(p-value) 
(Case-only) 

 
All subjects 

(cases/controls  
176/1402) 

 

BMI<25 
(cases/controls:  

159/1319) 

BMI≥25 
(cases/controls:  

17/83) 

  
BMI<25 

(cases/controls:  
138/1063) 

BMI≥25  
(cases/controls:  

38/339) 

Other haplotypes†† 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)  -   -  1.00 (ref.) 1.00 (ref.)  -   -  

Haplotype CGGT‡ 

 
1.01 

(0.77 ‐ 1.33) 
 

0.91 
(0.68 ‐ 1.22) 

2.34 
(1.05 ‐ 5.23) 

0.017 0.016 
  

0.83 
(0.60 ‐ 1.15) 

1.78 
(1.07 ‐ 2.98) 

0.009 0.009 

†Only haplotypes with frequencies > 0.01 were examined; ‡Haplotype CGGT: IGF-1 SNPs at rs5742714, rs6214, rs4764887, and rs5742612; §Multivariable adjustment by age, sex, BMI at age 20 years, 
current BMI, smoking status, drinking habit, diabetes mellitus, and family history of pancreatic cancer; ¶BMI status: BMI <25 or ≥ 25; ††Other haplotypes: except haplotype CGGT; ‡‡Multivariable adjustment by 
age, sex, diabetes mellitus, current BMI, drinking habit, family history of pancreatic cancer, and smoking status; §§Multivariable adjustment by age, sex, diabetes mellitus, BMI at age 20 , drinking habit, family 
history of pancreatic cancer, and smoking status. 
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haplotype. 
 
Discussion 
 
In this case-control study, we demonstrated that 
IGF-1 polymorphisms affect PC risk in interac-
tion with the status of obesity, defined by either 
or both an age 20 or current BMI ≥ 25. Four 
genetic variants in IGF-1, namely rs5742714, 
rs6214, rs4764887, and rs5742612, were iden-
tified as marker loci which were significantly 
associated with the risk of PC among over-
weight subjects. Our haplotype analysis re-
vealed an elevated risk of PC by the risk haplo-
type CGGT among overweight subjects. To our 
knowledge, this is the first study to demonstrate 
an association between IGF-1 polymorphisms 
and the development of PC in a non-Caucasian 
population. 
 
The functional consequences of SNPs at 
rs5742714, rs6214, rs4764887, and 
rs5742612 and haplotypes of IGF-1 are not fully 
elucidated. The locations of these SNPs at the 
IGF-1 gene are rs5742714 and rs6214 in the 
3’untranslated region (UTR) of exon 4; 
rs4764887 in the intron 3; and rs5742612 in 
the 5’UTR of exon 1. Although these four loci 
does not cause any amino acid changes them-
selves, they may have regulatory functions or be 
linked with functional polymorphisms of the IGF-
1 gene [13, 34-36]. With regard to rs5742714, 
the minor allele for this variant has been shown 
to be associated with increased levels of circu-
lating IGF-1 and the prognosis of patients with 
non-small cell lung cancer [13, 17, 34, 37]. In 
our study, the minor allele for rs5742714 was 
significantly associated with elevated risk of PC 
among those with either or both an age 20 or 
current BMI ≥ 25. However, rs1520220, which 
is associated with a higher level of IGF-1 and 
the risk of several types of cancer [18, 20], was 
not associated with PC risk in our study. 
 
To date, only one study has reported the effect 
of IGF-1 polymorphisms on the risk of PC [13, 
38]. In that study, a haplotype of the IGF-1 gene 
containing the G allele for rs5742714 had a sig-
nificantly lower frequency in PC cases than in 
controls, and the interaction between 
rs5742714 and diabetes mellitus on PC risk was 
significant [13]. In addition, the distribution of 
IGF-1 genotypes did not differ between PC cases 
and controls by BMI (< 25 or ≥ 25 kg/m2). In our 
present study, however, haplotype analysis of 

IGF-1 showed no relation with PC risk among all 
subjects, and there was no interaction between 
IGF-1 polymorphisms and diabetes mellitus with 
PC risk. Instead, we found an increased or de-
creased PC risk with the addition of the minor 
alleles for rs5742714, rs6214, rs4764887, and 
rs5742612 among overweight patients. More-
over, gene-environment interaction with BMI 
was significant for rs5742714, and haplotype 
analysis of IGF-1 also showed a significant asso-
ciation among overweight patients. Although the 
reason for these differences is unclear, the re-
sults may have been affected by the heteroge-
neity of study populations, differences in ethnic-
ity, small sample size, and potential confound-
ers. Further major study is essential.  
 
Many reports have described an association 
between overweight and an elevated risk of 
several types of cancer, including PC [4, 8, 10, 
38]. The mechanisms of this effect might be 
explained by an increase in bioavailable growth-
factor production, such as of insulin and IGF-1 
[4, 38]. These growth factors are produced in 
response to insulin resistance and promote cell 
cycling for tissue growth and repair [4]. In our 
study, the association between IGF-1 polymor-
phisms and the development of PC was ob-
served only among subjects who were over-
weight. Although the function of the individual 
SNPs and haplotypes is not fully established, 
past and/or current overweight might influence 
PC risk through its effects on the activity of IGF-
1, which is affected by IGF-1 polymorphisms. 
Here, we did not evaluate the association be-
tween changes in BMI status since age 20 and 
PC risk because the evaluation of BMI change in 
this setting is likely to introduce information 
bias, as PC patients in this study were likely to 
have presented with body weight loss. This point 
should be examined in a prospective study. Nev-
ertheless, we found that IGF-1 polymorphisms 
were associated with PC risk among subjects 
who were overweight not only at age 20 but also 
at current status. 
 
Our study has several methodological issues 
which warrant discussion. First, the control 
population was selected from non-cancer pa-
tients at ACCH. It is reasonable to assume that 
this was the same population from which the 
case subjects were derived, which would war-
rant the internal validity of the study. Second, 
with regard to external validity, we previously 
showed that individuals selected randomly from 
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our control population were similar to the gen-
eral population of Nagoya City in terms of expo-
sures of interest [29]. Third, case-control stud-
ies have an intrinsic information bias. The HER-
PACC system is less prone to this bias than typi-
cal hospital-based studies as the data for all 
patients are collected before diagnosis. None-
theless, the assessment of exposure from self-
administered questionnaires may be inaccurate 
and provide considerable variations. If present, 
however, any such misclassification would be 
non-differential, and would likely underestimate 
the causal association [39]. Forth, with regard 
to SNP analysis, our IGF-1 gene allele frequen-
cies were comparable with information from the 
HapMap project [30, 31]. As we excluded IGF-1 
loci showing HWE discordance, coverage of IGF-
1 by tag SNPs was not as expected. Fifth, the 
power of our study is very limited due to small 
sample size, particularly in subgroup analysis; 
thus, a large-scale study should be conducted to 
verify our results. Lastly, our study was limited 
to a Japanese population, and the results can-
not necessarily be extrapolated to other popula-
tions. 
 
In summary, we described that IGF-1 gene poly-
morphisms might be associated with the risk of 
PC in a Japanese population only among sub-
jects who were overweight. These findings might 
support the proposed mechanism that over-
weight influences the risk of PC through its ef-
fects on the serum concentration of IGF-1. Fur-
ther studies of these findings in larger cohorts 
should be conducted, and the mechanism by 
which these polymorphisms influence PC risk 
should be fully elucidated. 
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