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High levels of circulating insulin-like growth factor-1 (IGF-1) have been associated with increased risk of several cancers.

Regarding colorectal cancer, these associations are generally weak. We hypothesized that an increase in IGF-1 over time

would be a stronger risk factor for cancer-related outcomes than the actual levels. In this analysis we utilized existing data

from the Insulin Resistance and Atherosclerosis Study (IRAS). Circulating IGF-1 levels and molar ratios of IGF-1 to IGF binding

protein 3 (IGFBP-3) were measured at three time points, within a 10-year follow-up period. We examined the associations of

increase of the two variables with the presence of colorectal adenoma at the end of follow-up among participants with normal

glucose tolerance at baseline. This included 143 individuals, from which 24 were diagnosed with adenomatous polyps.

Although the mean levels of IGF-1 and IGF-1/IGFBP-3 decline with age, ~ 30% of the participants showed an increase of at

least fifteen percent (‘‘ever increase’’) in one or both of these variables, compared to baseline. We found a positive

association between ‘‘ever increase’’ in IGF-1 or IGF-1/IGFBP-3 and the presence of colorectal adenoma: ORs were 3.81 (95%

CI: 1.30–10.8) and 2.83 (95% CI: 1.00–8.22), respectively. No association was found when analyzing the actual levels of both

variables at any time point. Our data suggest that an increase in circulating IGF-1 or IGF-1/IGFBP-3 may represent a disturbed

GH/IGF1 homeostasis, which could favor the development of precancerous lesions such as colorectal adenoma.

The insulin-like growth factor 1 (IGF-1) and members of the
IGF-binding protein family (IGFBPs) are essential for cell
cycle regulation. IGF-1 possesses mitogenic and anti-apopto-
tic functions that are modulated by binding to IGFBPs.1 The
majority of the circulating IGF-1 is bound to IGFBPs (mainly
IGFBP-3), whereas a very small percentage of IGF-1 remains
in an unbound and biologically active form.2 IGF-1 and
IGFBP-3 levels are controlled by pituitary growth hormone
(GH) and affected by multiple factors, such as gender, race,
nutrition, lifestyle and age (with a decline after puberty).2–5

Many in vitro and in vivo studies provide evidence for a
role of IGF-1 (or its binding partners) in neoplasia, including
growth of colorectal cancer.1 However, there are some incon-
sistencies among the studies related to colorectal cancer risk
and IGF-1 levels. A recent meta-analysis reveals a weak asso-
ciation between circulating IGF-1 and colorectal cancer, with
a relative risk estimate of only 1.07 (95% CI: 1.01–1.14) per
one standard deviation.6 Furthermore, high levels of IGF-1
are not always associated with increased signaling activity. It
has been speculated that in some individuals a higher IGF-1
level might reflect a homeostatic mechanism to control for
deficiencies in IGF-1 receptors.1 This allowed us to hypothe-
size that intra-individual changes in IGF-1 levels over time
would be a stronger risk factor for colorectal cancer-related
outcomes than the actual levels themselves. To examine this
hypothesis, we analyzed existing data from the Insulin Resist-
ance and Atherosclerosis Study (IRAS) subcohort of generally
healthy individuals at the baseline. Specifically, we considered
intra-individual dynamics of circulating IGF-1 and the IGF-
1/IGFBP-3 molar ratio over a 10-year period and assessed
their associations with the occurrence of colorectal adenoma-
tous polyps. Because there is an overall age-related decrease
in IGF-1 and IGF-1/IGFBP-3, we assumed that even a
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temporary increase in these variables would represent an
aberrant trend in the homeostatic control of the GH/IGF-1
signaling pathway. Therefore, we hypothesized that an
increase in IGF-1 levels and/or the IGF-1/IGFBP-3 ratio at
any time point after baseline would be associated with the
presence of colorectal polyps at the end of the 10-year fol-
low-up period.

Material and Methods
Study population

This colon study was nested in the IRAS multi-ethnic cohort
study of which a full description has been published previ-
ously.7 Between 1992 and 1994, the IRAS recruited 600 men
and women with normal glucose tolerance (NGT) from four
clinical centers; the age range was 40–69. Colonoscopies were
conducted between 2002 and 2004 and details are described
elsewhere.8 All participants provided signed informed consent
and the study was approved by the Institutional Review
Boards of all collaborating organizations. All surviving IRAS
cohort participants who were =49 years of age and mentally
eligible were invited to undergo a screening colonoscopy. Par-
ticipants with prior adenomatous polyps were included if their
next colonoscopy exam was due within the study period.
Patients with serious concurrent illnesses were excluded (e.g.,
recent heart attack, oxygen dependent pulmonary disease, re-
nal failure, prosthetic heart valve and colon cancer). After
these exclusions, 335 IRAS participants who had normal glu-
cose tolerance at baseline received colonoscopies. The histology
reports were missing from two of the participants. Of the
remaining 333 participants, 174 of them had baseline measure-
ments of circulating IGF-1 and IGFBP-3 (1992–1994) and
thus were eligible for the prospective cohort analysis. The final
analytical cohort of 143 (82% of the eligible cohort) had all
three sets of measurements available, including the IRAS fol-
low-up (1997–1999) and colonoscopy (2002–2004) visits.

Colonoscopy

Experienced physicians performed the colonoscopies, reach-
ing the cecum in 96% of participants. Size and location of all
visible polyps were recorded and the polyps were removed. A
standard histologic assessment was done by the local clinical
laboratory. Within the analytical cohort, 118 participants
(83%) had no adenomatous polyps or had hyperplastic pol-
yps (further referred to as ‘‘no adenoma’’). No carcinomas
were diagnosed, but 24 participants (17%) had adenomatous
polyps (referred to as ‘‘adenoma’’).

Blood collection

At the IRAS baseline and first follow-up, blood specimen col-
lections were processed and plasma was stored at the Univer-
sity of South California Diabetes Research Center in Los
Angeles, CA (at �80�C). At the colonoscopy visit, blood
samples were processed and serum was sent to MECORE
Laboratory in Bangor, ME (at �80�C).

IGF-1 and IGFBP-3 measurements

The IGF-1 levels were measured using a radioimmunoassay
(RIA) kit (American Laboratory Products Company, Salem,
NH); the analytical sensitivity was 0.02 ng/ml. The cross-
reactivity with IGF-2 in the assay was 0.05%. IGFBP-3 levels
were determined using the ‘‘Active’’ IGFBP-3 IRMA kit
(Diagnostic Systems Laboratories, Inc., Webster, TX); the cal-
culated sensitivity was 0.5 ng/ml. For both IGF-1 and
IGFBP-3, each participant’s baseline, follow-up and colono-
scopy samples were grouped together and analyzed on the
same assay. All samples were analyzed in duplicate. Assay
performance was monitored using internal QC samples
derived from project participants, assay controls provided by
the kit manufacturers and an in-house control provided by
the laboratory performing the analyses. The in-house labora-
tory control, which was analyzed simultaneously with each
batch of samples loaded onto an assay, was used to calculate
assay variability. The interassay coefficient of variation for
IGF-I was 5.69% and 6.61% for IGFBP-3. To distinguish the
bound from unbound components of IGF-1, the molar ratio
of IGF-1/IGFBP-3 was calculated based on the fact that 1 ng/
ml IGF-1 ¼ 0.130 nMol IGF-1 and 1 ng/ml IGFBP-3 ¼
0.036 nMol IGFBP-3.

Statistical analysis

Our analysis focused on intra-individual changes in the levels
of IGF-1 and IGF-1/IGFBP-3 during a 10-year follow-up.
Correlations between the three measurements were assessed
using the Pearson correlation coefficient. The contribution of
intra-individual variation to the total variance of both varia-
bles was estimated by partitioning the total variance into
within- and between-subject variations, using one-way
ANOVA models. Crude association between study participant
characteristics and colorectal adenomatous polyps was
assessed using the v2-test (and the Fisher Exact Test, when
necessary). The Wilcoxon/Kruskal-Wallis test was used to
assess whether the distribution of IGF-1 and IGF-1/IGFBP-3
differed by study participant characteristics and compared
means of the two main effect variables using t-tests.

To characterize intra-individual changes in IGF-1 and
IGF-1/IGFBP-3 over time, we calculated for each individual
the percent difference between baseline levels (1992–1994)
and levels at each of the two later measurements (1997–1999
and 2002–2004). The random error of circulating IGF-1
measurements was estimated to range between 12% and
17.6% for lower and higher values respectively.3 On the basis
of these estimates, we reasoned that a difference between
IGF-1 measurements within 15% would be within the margin
of error. Therefore, we categorized change patterns as ‘‘no
increase’’ (615% and/or <15% from baseline) and ‘‘ever
increase’’ (at least one increase >15%).

To assess associations between the two main effect varia-
bles (IGF-1 and IGF-1/IGFBP-3) and colorectal adenomatous
polyps, ORs and their 95% confidence intervals (CIs) were
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calculated from logistic regression models. Table 3 shows the
means of both variables for controls and cases, as well as the
estimated ORs for colorectal adenomas by levels of IGF-1
and IGF-1/IGFBP-3 at each time point. Both IGF-1 and IGF-
1/IGFBP-3 were specified as continuous variables. The ORs
were scaled to the difference between the 75th and the 25th
percentile of the baseline distribution (51 units for IGF-1 and
0.052 units for IGF-1/IGFBP-3). The following variables were
included as covariates: concurrent measurement of IGFBP-3,
age (baseline), gender, center, race/ethnicity, concurrent BMI
and report of previous polyps (yes/no). Additionally, ORs for
‘‘ever increase’’ vs. ‘‘no increase’’ in IGF-1 and IGF-1/IGFBP-
3 were calculated; the following covariates included age (base-
line), gender, center, race/ethnicity, BMI (baseline) and report
of previous polyps (yes/no). Because the categories ‘‘ever
increase’’ and ‘‘no increase’’ were based on relative changes
in percentage, the respective models also included baseline
levels of IGF-1 and took into account the influence of the
actual levels. In the case of IGF-1, the model also included
baseline IGFBP-3 levels.

Results
Our analytical cohort included 143 participants from whom
the IGF-1 and IGFBP-3 measurements were available for all

three time points within the 10-year period of the IRAS
study. This group of subjects had similar distributions for
gender, age, race/ethnicity, diabetic status and baseline levels
of IGF-1 and IGFBP-3, compared to the entire cohort of par-
ticipants screened for colon lesions (n ¼ 335). Among the
baseline characteristics, only BMI and the presence of prior
polyps displayed an association with the presence of adeno-
matous polyps at the colonoscopy visit (p value for v2 test =
0.1, Table 1).

Overall, circulating levels of IGF-1 and the ratio IGF-1/
IGFBP-3 were tightly correlated over the 10-year follow-up
period; the Pearson correlation coefficients ranged between
0.7 and 0.8 (p values < 0.0001). The within-person variations
of IGF-1 and IGF-1/IGFBP-3, compared to their total varia-
tion in the 10-year period, is 24% and 29%, respectively. This
indicates that the majority of variability is due to differences
in the levels between individuals.

With respect to baseline characteristics, both IGF-1 and
IGF-1/IGFBP-3 decreases with age. Similarly, IGF-1 and IGF-
1/IGFBP-3 levels decline with BMI. Women tend to have
lower levels than men. The IGF-1/IGFBP-3 ratio is signifi-
cantly lower in Caucasians and Hispanics compared to Afri-
can Americans; and participants reporting previous polyps
have a lower IGF-1/IGFBP-3 ratio (Table 2).

Table 1. Prevalence of colorectal adenoma by demographic characteristics and risk factors among 143 participants in the IRAS cohort study
(1992–1994 to 2002–2004)

Characteristics Adenoma/All (% of all) p for v2 test

Study population 24/119 (16.8) N/A

Gender Male 11/66 (16.7) 1.0

Female 13/77 (16.9)

Age at 1992–1994 (years) 50–59 8/53 (15.1) 0.5

60–69 8/55 (14.6)

70–80 8/25 (22.9)

Center Los Angeles, CA 4/26 (15.4) 0.7

Oakland, CA 7/30 (23.3)

San Antonio, TX 5/38 (13.2)

San Luis Valley, CO 8/49 (16.3)

Race/Ethnicity Non-Hispanic White 7/59 (11.9) 0.4

Black 7/34 (20.6)

Hispanic 10/50 (20.0)

BMI at 1992–1994 Normal (<25) 5/56 (8.9) 0.1

Overweight (25–30) 13/53 (24.5)

Obese (>30) 6/33 (18.2)

Missing 1

Smoking status at 1992–1994 Never 9/62 (14.5) 0.5

Former 13/63 (20.6)

Current 2 /18 (11.1)

Previous polyps No 19/130 (14.6) 0.04 (Fisher Exact Test)

Yes 5 /13 (38.5)
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The analysis of the relationship between actual levels of
IGF-1 and IGF-1/IGFBP-3 at three time points and occur-
rence of colorectal adenoma at the end of follow-up showed
no association, with odds ratios varying around null (Table 3,
Time points). Over the 10-year time period, 43 (30.1%) indi-
viduals showed a significant increase in IGF-1 and 44
(32.1%) showed an increase in IGF-1/IGFBP-3, both catego-
rized as ‘‘ever increase.’’ ‘‘Ever increase’’ vs. ‘‘no increase’’
was associated with adenomatous polyps; the ORs were 3.81
for changes in IGF-1 levels (95% CI: 1.35–11.30) and 2.83 for
changes in IGF-1/IGFBP-3 (95% CI: 1.00–8.22) (Table 3, Pat-
tern of change in IGF-1 or IGF-1/IGFBP-3 in the 10-year fol-
low-up period). Approximately half of the participants with
adenoma at the end of the study showed ‘‘ever increase’’ in
IGF-1 or IGF-1/IGFBP-3, whereas only about a quarter of
the controls showed an increase in one of the variables. To
further explore whether the observed associations with ‘‘ever

increase’’ depended on the analytical approach, we conducted
a series of sensitivity analyses. First, we excluded participants
with hyperplasia from the ‘‘no adenoma’’ group to provide
further contrast for the case/non-case comparison: the ORs
were 3.08 for IGF-1 (95% CI: 1.09–2.75), and 2.62 for IGF-1/
IGFBP-3 (95% CI: 0.88–7.82). Second, we expanded the ana-
lytical cohort by including an additional 32 participants for
whom only two out of three measurements were available;
among these participants, those with an increase above 15%
(at either time point compared to baseline) were added to
the ‘‘ever increase’’ category: the ORs were 4.41 for IGF-1
(95% CI: 1.78–11.4), and 3.41 for IGF-1/IGFBP-3 (95% CI:
1.35–8.87). Finally, based on the fact that the estimated ran-
dom error of measurement of circulating IGF-1 levels varies
between 12.0 and 17.6%,3 we changed the cut-off point for
categorization of ‘‘ever increase’’ to =18%. As a consequence
our newly calculated ORs were 3.13 for IGF-1 (95% CI:

Table 2. Baseline levels of IGF-1 and IGF-1/IGFBP-3 in subgroups with different characteristics

Characteristics Number

Mean (SD)

IGF-1 (ng/ml) IGF-1/IGFBP-3 (molar ratio)

Gender Male 66 139 (45) 0.151 (0.038)

Female 77 112 (36) 0.124 (0.039)

p valuea <0.0001 <0.0001

Age 50–59 53 141 (46) 0.150 (0.044)

60–69 55 119 (36) 0.132 (0.037)

70–80 35 108 (38) 0.122 (0.034)

p value 0.001 0.003

Center Los Angeles, CA 26 137 (54) 0.148 (0.049)

Oakland, CA 30 126 (38) 0.146 (0.043)

San Antonio, TX 38 118 (40) 0.132 (0.040)

San Luis Valley, CO 49 122 (40) 0.128 (0.032)

p value 0.3 0.1

Race/ethnicity White 59 126 (41) 0.135 (0.039)

Black 34 132 (49) 0.152 (0.047)

Hispanic 50 117 (39) 0.127 (0.033)

p value 0.2 0.02

BMI Normal (<25) 56 127 (37) 0.142 (0.037)

Overweight (25–30) 53 133 (47) 0.143 (0.043)

Obese (>30) 33 107 (40) 0.118 (0.038)

p value 0.02 0.01

Smoking Never 62 131 (45) 0.140 (0.041)

Former 63 118 (41) 0.132 (0.041)

Current 18 120 (36) 0.137 (0.034)

p value 0.2 0.5

Previous polyps No 130 126 (43) 0.139 (0.041)

Yes 13 109 (30) 0.114 (0.027)

p value 0.08 0.04

ap value for Wilcoxon/Kruskal-Wallis test
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1.08–9.32), and 3.33 for IGF-1/IGFBP-3 (95% CI: 1.17–9.75).
In conclusion, these three sensitivity analyses confirm the sta-
bility of our observed associations between ‘‘ever increase’’ of
IGF-1 or IGF-1/IGFBP-3 and colorectal adenomas, irrespec-
tive of the analytical approach used.

Discussion
To our knowledge, this study is the first to focus on temporal
patterns of IGF-1 in relation to a cancer-related outcome.
Our main objective was to examine whether intra-individual
dynamics of circulating IGF-1 and IGF-1/IGFBP-3 can
explain the relationship between IGF-1 and adenomatous
polyps to a greater extent than IGF-1 levels measured at a
single point in time.

Our findings clearly indicate there is a relationship
between IGF-1 patterns and colorectal adenomatous polyps
(Table 3). This suggests a relatively greater importance of
IGF-1 stability (i.e., GH/IGF-1 homeostatic control) as com-
pared with actual IGF-1 values. In our study, the actual val-
ues of IGF-1 and IGF-1/IGFBP-3 showed no association with
colorectal adenoma (Table 3, Time points). In the literature,
the association between components of the GH/IGF-1 path-
way and colorectal cancer risk is highly disputed. Meta-analy-
ses suggest a modest association between circulating IGF-1
and colorectal cancer risk.6,9 Studies focused specifically on
adenoma polyps include two nested case-control studies con-
ducted in the US10,11 and a cross-sectional study conducted
in Japan.12 The results of the nested case-control studies
showed that mainly advanced adenomatous polyps are associ-
ated with IGF-1 levels and IGF-1/IGFBP-3 ratio (or IGFBP-3
levels).10,11 The cross-sectional study in men showed no sig-
nificant association between IGF-1 or IGFBP-3 and colorectal
adenoma, regardless of stage.12

Our results indicate that at an increase (>15%) in either
of the main effect variables during the 10 years prior to colo-
noscopy is positively associated with occurrence of colorectal
adenomatous polyps (Table 3, Pattern of change in IGF-1 or
IGF-1/IGFBP-3 in the 10-year follow-up period). After

adjusting for baseline IGF-1, the association with IGF-1 ‘‘ever
increase’’ was independent of actual IGF-1 values. Further-
more, inclusion of the baseline IGF-1 and the ‘‘ever increase’’
pattern into the same model revealed a striking contrast
between these variables’ associations with colorectal adeno-
matous polyps. For baseline IGF-1 levels, the OR comparing
the 75th with the 25th percentiles was 0.81 (95% CI: 0.39–
1.57), whereas the OR comparing ‘‘ever increase’’ to ‘‘no
increase’’ was 3.65 (95% CI: 1.30–10.8).

We cannot compare directly our results on IGF-1 change
patterns with previously published reports. Previous literature
shows considerable inter-individual variation of IGF-14,13,14

and a relatively low intra-individual variation15,16 indicating
that IGF-1 levels represent a relatively stable individual phys-
iological characteristic. Therefore, sharp increases in IGF-1 in
the aging population (against age-related decrease) may sur-
face as a reflection of more complex underlying disturbances
in GH/IGF-1 homeostasis. Such disturbances may signify a
greater risk for precancerous transformation or other chronic
diseases outcomes.13,15,16 Similarly, variation patterns in other
biological variables are stronger predictors of mortality and
chronic disease outcomes than their actual values.17 For
example, in analyses of weight change in the entire IRAS co-
lon study cohort (n ¼ 600), investigators found a stronger
association between weight gain and colorectal adenomatous
polyps than with BMI at baseline.8

Finally, several of our findings agree with previously pub-
lished reports, confirming comparability of our results to
those obtained from other populations. Consistent with these
reports, we found that IGF-1 decreases with age,2 that males
have higher levels of IGF-1 (or IGF-1/IGFBP-3) than
females18 and that BMI is negatively associated with IGF-1
levels.5

Our analysis has possible limitations. One possible limita-
tion is the vague temporal sequence of the examined expo-
sure and outcome. In this instance, however, ‘‘reverse causal-
ity’’ (i.e., colorectal adenoma influencing the circulating levels
of IGF-1) is unlikely. Although transformed cells may

Table 3. Means of IGF-1 and IGF-1/IGFBP-3 at three time intervals and the odds ratios for colorectal adenomas by the levels of the serum
hormone measurements at each time point and by their patterns of change over the period of 10 years

Mean (SD) OR (95% CI)

IGF-1 (ng/ml) IGF-1/IGFBP-3 (molar ratio)

IGF-1 (ng/ml) IGF-1/IGFBP-3 (molar ratio)Controls Cases Controls Cases

Time points

1992–1994a 126 (42) 118 (44) 0.14 (0.04) 0.13 (0.04) 0.76 (0.32, 1.66) 0.74 (0.33, 1.56)

1997–1999a 118 (41) 118 (42) 0.14 (0.04) 0.13 (0.03) 1.13 (0.50, 2.44) 1.04 (0.50, 2.06)

2002–2004a 120 (50) 123 (52) 0.13 (0.04) 0.14 (0.04) 1.24 (0.64, 2.40) 1.44 (0.73, 2.86)

Pattern of change in IGF-1 or IGF-1/IGFBP-3 in the 10-year follow-up period

Ever increase vs. No increaseb 3.81 (1.35, 11.30) 2.83 (1.00, 8.22)

aORs are adjusted for age (baseline), center, race/ethnicity, gender and the following concurrent measurements: BMI and IGFBP-3; OR is scaled to
the difference between 25% and 75% percentile in all subjects at baseline. bORs are adjusted for age (baseline), center, race/ethnicity, gender and
BMI (baseline), IGF-1 (baseline); additionally, ORs for IGF-1 are adjusted for baseline IGFBP-3.
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produce IGF-1 as an autocrine growth promoter, such auto-
crine production of IGF-1 is unlikely to be reflected at the
systemic level of circulating IGF-1. A relatively small sample
size represents another possible limitation. To avoid any in-
terference with other (metabolic) pathways that might influ-
ence the levels of IGF-1 or IGFBPs,2 our study cohort was
limited to patients without diabetes or impaired glucose toler-
ance. Further, the small number of cases (n ¼ 24) did not
allow for a comparison of associations with advanced adeno-
matous polyps. Such comparisons would contribute signifi-
cantly to the assessment of the biological plausibility of our
findings.

Our findings have important implications for future stud-
ies. Although overall circulating levels of IGF-1 present a
stable characteristic, � 30% (43/143) of individuals may
experience a temporary increase in circulating IGF-1 and
supposedly suffer instability in the GH/IGF-1 axis. Therefore,
we believe that measurements of this biomarker should
include several time points over a relatively long lifespan.

Acknowledgements
The authors thank Dr. Lynne Wagenknecht for the helpful discussion of the
results. They are grateful to Dr. Patricia Moorman for her professional sup-
port. The efforts of D.I., A.Y. and S.U. were also supported by NIH/NIA.

References

1. Pollak M. Insulin and insulin-like growth factor

signalling in neoplasia. Nat Rev Cancer 2008;8:

915–28.

2. Rajaram S, Baylink DJ, Mohan S. Insulin-like

growth factor-binding proteins in serum and

other biological fluids: regulation and functions.

Endocr Rev 1997;18:801–31.

3. Berrigan D, Potischman N, Dodd KW, Nicar M,

McQuillan G, Lavigne JA, Barrett JC, Ballard-

Barbash R. Serum levels of insulin-like growth

factor-I and insulin-like growth factor-I binding

protein-3: quality control for studies of stored

serum. Cancer Epidemiol Biomarkers Prev 2007;16:

1017–22.

4. Hoyo C, Grubber J, Demark-Wahnefried W,

Lobaugh B, Jeffreys AS, Grambow SC, Marks JR,

Keku TO, Walther PJ, Schildkraut JM. Predictors

of variation in serum IGF1 and IGFBP3 levels in

healthy African American and white men. J Natl

Med Assoc 2009;101:711–6.

5. Lam CS, Chen MH, Lacey SM, Yang Q, Sullivan

LM, Xanthakis V, Safa R, Smith HM, Peng X,

Sawyer DB, Vasan RS. Circulating insulin-like

growth factor-1 and its binding protein-3:

metabolic and genetic correlates in the

community. Arterioscler Thromb Vasc Biol 2010;

30:1479–84.

6. Rinaldi S, Cleveland R, Norat T, Biessy C,

Rohrmann S, Linseisen J, Boeing H, Pischon T,

Panico S, Agnoli C, Palli D, Tumino R, et al.

Serum levels of IGF-I, IGFBP-3 and colorectal

cancer risk: results from the EPIC cohort, plus a

meta-analysis of prospective studies. Int J Cancer

2010;126:1702–15.

7. Wagenknecht LE, Mayer EJ, Rewers M, Haffner

S, Selby J, Borok GM, Henkin L, Howard G,

Savage PJ, Saad MF, Bergman RN, Hamman R.

The insulin resistance atherosclerosis study

(IRAS) objectives, design and recruitment results.

Ann Epidemiol 1995;5:464–72.

8. Sedjo RL, Byers T, Levin TR, Haffner SM, Saad

MF, Tooze JA, D’Agostino RB, Jr. Change in

body size and the risk of colorectal adenomas.

Cancer Epidemiol Biomarkers Prev 2007;16:

526–31.

9. Renehan AG, Zwahlen M, Minder C, O’Dwyer

ST, Shalet SM, Egger M. Insulin-like growth

factor (IGF)-I, IGF binding protein-3, and cancer

risk: systematic review and meta-regression

analysis. Lancet 2004;363:1346–53.

10. Schoen RE, Weissfeld JL, Kuller LH, Thaete FL,

Evans RW, Hayes RB, Rosen CJ. Insulin-like

growth factor-I and insulin are associated with

the presence and advancement of adenomatous

polyps. Gastroenterology 2005;129:464–75.

11. Giovannucci E, PollakMN, Platz EA,WillettWC,

StampferMJ, Majeed N, Colditz GA, Speizer FE,

Hankinson SE. A prospective study of plasma

insulin-like growth factor-1 and binding protein-3

and risk of colorectal neoplasia in women. Cancer

Epidemiol Biomarkers Prev 2000;9:345–9.

12. Teramukai S, Rohan T, Lee KY, Eguchi H, Oda

T, Kono S. Insulin-like growth factor (IGF)-I,

IGF-binding protein-3 and colorectal adenomas

in Japanese men. Jpn J Cancer Res 2002;93:

1187–94.

13. Goodman-Gruen D, Barrett-Connor E.

Epidemiology of insulin-like growth factor-I in

elderly men and women. The Rancho Bernardo

Study. Am J Epidemiol 1997;145:970–6.

14. Vrieling A, Voskuil DW, Bosma A, Majoor DM,

van Doorn J, Cats A, Depla AC, Timmer R,

Witteman BJ, Wesseling J, Kampman E, Van’t

Veer LJ. Expression of insulin-like growth factor

system components in colorectal tissue and its

relation with serum IGF levels. Growth Horm

IGF Res 2009;19:126–35.

15. Ankrah-Tetteh T, Wijeratne S, Swaminathan R.

Intraindividual variation in serum thyroid

hormones, parathyroid hormone and insulin-like

growth

factor-1. Ann Clin Biochem 2008;

45:167–9.

16. Erotokritou-Mulligan I, Eryl Bassett E, Cowan

DA, Bartlett C, Milward P, Sartorio A, Sonksen

PH, Holt RI. The use of growth hormone (GH)-

dependent markers in the detection of GH abuse

in sport: physiological intra-individual variation

of IGF-I, type 3 pro-collagen (P-III-P) and the

GH-2000 detection score. Clin Endocrinol 2010;

72:520–6.

17. Yashin AI, Arbeev KG, Akushevich I, Arbeeva L,

Kravchenko J, Il’yasova D, Kulminski A,

Akushevich L, Culminskaya I, Wu D,

Ukraintseva SV. Dynamic determinants of

longevity and exceptional health. Curr Gerontol

Geriatr Res, in press.

18. Berrigan D, Potischman N, Dodd KW, Hursting

SD, Lavigne J, Barrett JC, Ballard-Barbash R.

Race/ethnic variation in

serum levels of IGF-I and IGFBP-3 in US adults.

Growth Horm IGF Res 2009;19:146–55.
Sh

or
t
R
ep
or
t

Soubry et al. 517

Int. J. Cancer: 131, 512–517 (2012) VC 2011 UICC


