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Abstract
Background—It is postulated that high serum levels of insulin and insulin growth factor 1
(IGF-1) mediate obesity-associated carcinogenesis. The relationship of insulin, IGF-1 and IGF
binding proteins (IGFBP) with Barrett’s oesophagus (BO) has not been well examined.

Methods—Serum levels of insulin and IGFBPs in patients with BO were compared with two
separate control groups: subjects with gastro-oesophageal reflux disease (GORD) and screening
colonoscopy controls. Fasting insulin, IGF-1 and IGFBPs were assayed in the serum of BO cases
(n = 135), GORD (n = 135) and screening colonoscopy (n = 932) controls recruited prospectively
at two academic hospitals. Logistic regression was used to estimate the risk of BO.

Results—Patients in the highest tertile of serum insulin levels had an increased risk of BO
compared with colonoscopy controls (adjusted OR 2.02, 95% CI 1.15 to 3.54) but not compared
with GORD controls (adjusted OR 1.55, 95% CI 0.76 to 3.15). Serum IGF-1 levels in the highest
tertile were associated with an increased risk of BO (adjusted OR 4.05, 95% CI 2.01 to 8.17)
compared with the screening colonoscopy control group but were not significantly different from
the GORD control group (adjusted OR 0.57, 95% CI 0.27 to 1.17). IGFBP-1 levels in the highest
tertile were inversely associated with a risk of BO in comparison with the screening colonoscopy
controls (adjusted OR 0.11, 95% CI 0.05 to 0.24) but were not significantly different from the
GORD control group (adjusted OR 1.04, 95% CI 0.49 to 2.16). IGFBP-3 levels in the highest
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tertile were inversely associated with the risk of BO compared with the GORD controls (OR 0.36,
95% CI 0.16 to 0.81) and also when compared with the colonoscopy controls (OR 0.40, 95% CI
0.20 to 0.79).

Conclusions—These results provide support for the hypothesis that the insulin/IGF signalling
pathways have a role in the development of BO.

INTRODUCTION
Obesity is an established risk factor for a number of cancers including oesophageal
adenocarcinoma (OAC).1–3 The obesity epidemic seen in developed countries has
contributed, at least partially, to the increased incidence of OAC over the past three
decades.4–9 Barrett’s oesophagus (BO), an acquired metaplastic columnar replacement of
the normal stratified squamous epithelium of the distal oesophagus, is the only established
precursor of OAC. Gastro-oesophageal reflux disease (GORD) is a strong risk factor for
both BO and OAC and it is also more prevalent among obese subjects.10 Studies examining
the association of BO with obesity, as measured by body mass index (BMI), have found
variable results with a meta-analysis reporting that increased BMI is associated with
increased odds of BO.11 Case-control studies that have looked specifically at fat distribution
found that central adiposity, measured by an increased abdominal circumference or an
increased waist-to-hip ratio (WHR), is associated with an increased odds of BO independent
of BMI and GORD.12, 13

One plausible molecular mechanism for obesity-associated carcinogenesis is that central
adiposity, which is hormonally active, promotes the release of free fatty acids, tumour
necrosis factor α (TNFα) and resistins, inhibits the synthesis of adiponectins and ultimately
leads to development of insulin resistance.14 Increasing evidence from epidemiological
studies suggests that increased levels of insulin promote carcinogenesis through its
proliferative and anti-apoptotic actions and effects on the insulin growth factor family.15–22

Insulin stimulates the production of insulin growth factor 1 (IGF-1) and downregulates
production of insulin growth factor binding proteins 1 (IGFBP-1) and 3 (IGFBP-3). The net
effect is an increase in ‘bioavailable’ IGF-1, which can bind to the insulin growth factor
receptor complex and lead to post-receptor activation of the phosphoinositol-3-kinase
(PI3K)/AKT/mTOR pathway as well as other pathways that participate in tissue
proliferation.23–25

We hypothesised that higher serum levels of insulin and IGF-1 together with decreased
serum levels of IGFBPs in the presence of central obesity could contribute to the
development of BO. The aim of this hospital-based case-control study was therefore to
compare serum levels of insulin, IGF-1, IGFBP-1 and IGFBP-3 in patients with BO with
two separate control groups: subjects with GORD who did not have BO and screening
colonoscopy controls.

METHODS
Study population

Study patients were recruited at two hospitals within the Case Comprehensive Cancer
Center, University Hospitals Case Medical Center and Cleveland Clinic between January
2005 and May 2009. Potential participants were recruited at the time of their endoscopy visit
for evaluation of GORD or screening for colorectal cancer. Study patients who completed
upper endoscopy had four quadrant biopsies taken at 2 cm intervals along the tubular
oesophagus above the squamocolumnar junction as part of the study protocol. Case subjects
had at least a 1 cm segment of columnar mucosa identified at endoscopic examination and
intestinal metaplasia present on histopathological examination. Prevalent and incident BO
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cases were eligible for recruitment. Two separate control groups were recruited from
University Hospitals Case Medical Center and Cleveland Clinic endoscopy centres during
the same time period. The first control group comprised subjects with symptoms of GORD
who had no evidence of BO on endoscopic and histopathological examination. Biopsies
were obtained from GORD control subjects only if the endoscopist suspected the presence
of columnar epithelium in the distal oesophagus. These GORD controls were enrolled within
2 weeks of recruiting cases of BO. GORD controls were matched with cases primarily for
ethnicity, gender and age (±5 years). We had difficulty with recruitment of subjects for the
GORD control group and matching them appropriately to the BO cases. Matching criteria
were therefore relaxed to help with study accrual and recruitment of female African-
American patients with GORD was allowed. As a result of this, matching of BO cases with
the GORD controls was ineffective, potentially leading to confounding of examined
associations. This problem was addressed by adjustment for relevant variables in
multivariate logistic regression models and by conducting subgroup analyses. The second
control group was recruited from patients undergoing screening colonoscopy and is referred
to as the screening colonoscopy controls. These individuals were recruited during the same
time period as the cases. Owing to inadequate matching, subgroup analyses were performed
with screening colonoscopy controls matched 2:1 to BO cases based on ethnicity, gender
and age. Individuals were excluded from all study groups if they had a previous diagnosis of
cancer other than that of non-melanoma skin cancer, a history of diabetes mellitus, a history
of previous surgery for obesity or active participation in chemoprevention trials. In addition
to these exclusion criteria, individuals were excluded from the screening colonoscopy
control population if they had a history of colon polyps or inflammatory bowel disease.

Baseline characteristics, anthropometric and serum measurements
All study patients underwent an initial structured interview. At this visit, basic demographic
information and anthropometric measurements were obtained by a trained nurse. Collected
data included subject age, gender, race, weight (kg), height (cm), waist circumference (cm)
and hip circumference (cm). Subject weight was obtained on a levelled platform scale. Waist
circumference was measured at the narrowest part of the torso. Hip circumference was
measured at the level of the greatest lateral extension of the hips, using the greater trochanter
as an anatomical landmark.26 Study subjects with WHR >0.90 were considered to have
central adiposity. Our definition of central adiposity was different from the one used by the
WHO where the cut-off for defining central adiposity is 0.90 for men and 0.85 for women.

All subjects provided fasting venous blood samples at the time of initial interview or
subsequent endoscopy. Subjects were instructed to fast after midnight and endoscopic
procedures as well as blood sampling were completed during morning endoscopy blocks.
The collected blood was divided into multiple aliquots, spun for 15 min at 600g and aliquots
of plasma, serum and concentrated buffy coat were prepared and stored at −70°C.
Specimens were processed within 4 h of blood sampling. Haemolysed, icteric or grossly
contaminated samples were discarded. Serum glucose concentrations were determined on
the YSI 2300 Stat Plus Glucose and Lactate Analyzer (YSI, Yellow Spring, Ohio, USA).
Serum insulin concentrations were measured by the radioimmunoassay method using the
Siemens analyser (Siemens Medical Solutions Diagnostics, Los Angeles, California, USA).
Serum concentrations of IGF-1, IGFBP-1 and IGFBP-3 were measured by a two-step
immunoassay (Diagnostic Systems Laboratories, Webster, Texas, USA). In addition to kit
controls, aliquots of in-house serum controls were used to determine assay performance for
all serum markers. Coefficients of variation (CV) were calculated for serum markers by
summing intra-assay and inter-assay variability. CVs for glucose, insulin, IGF-1, IGFBP-1
and IGFBP-3 were 3.53%, 14%, 12%, 9.7% and 7.8%, respectively. Hyperinsulinaemia was
defined as a value in the highest tertile of serum insulin measured in non-diabetic study
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individuals. Insulin resistance (IR) was estimated based on Homeostatic Model Assessment
(HOMA).27 This model estimates insulin resistance from basal insulin and glucose
concentrations using the following formula: HOMA-IR = FPI × FPG/405, where FPI is
fasting plasma insulin concentration (μIU/ml) and FPG is fasting plasma glucose (mg/dl).
Estimates from the HOMA model correlate well with measurements obtained from the
euglycaemic clamp.28

Statistical methods
Simple descriptive statistics were performed to describe the frequencies of risk factors
among cases and controls. Differences in the distribution of baseline characteristics between
the case subjects and controls were compared using the t test for continuous data or the
Pearson χ2 test for categorical data. Continuous variables were explored as such and also
grouped into tertiles. Division of variables into tertiles was performed based on distribution
of the measurements in the control population for the given analysis (either all controls or
the colonoscopy controls matched to the cases). Univariate and multivariate logistic
regressions were performed to calculate ORs and the associated 95% CIs. OR estimates
were adjusted for age, gender (male vs female), race (white vs non-white) and WHR.
Models unadjusted for WHR were analysed. For variables that were grouped into tertiles,
OR and the associated 95% CIs were calculated by comparing each of the two higher tertiles
with the referent lowest tertile. p Values for trend across tertiles were calculated using tertile
category numbers as continuous variables in respective multivariate regression models. All
tests of statistical significance were two-sided and p values <0.05 were considered
significant. Statistical analyses were performed in Statistical Analysis Systems software
package V.9.2 (Cary, North Carolina, USA).

RESULTS
Demographics

The final study group comprised 135 individuals with BO, 135 with GORD and 932
screening colonoscopy controls. In our analyses, variables of interest were compared
between BO cases and each of the control groups individually. In the matched subgroup
analyses the study group comprised 91 individuals with BO and 182 screening colonoscopy
controls (1:2 ratio). Baseline patient characteristics are shown in table 1.

Serum insulin and insulin resistance
Mean unadjusted serum insulin levels (table 2) in BO cases were not statistically different
from those of the GORD control group (10.2 μIU/ml vs 9.1 μIU/ml, p = 0.33). In contrast,
mean unadjusted serum insulin levels (table 2) were significantly higher in BO cases than in
the screening colonoscopy control group (10.2 μIU/ml vs 7.4 μIU/ml, p = 0.001). In
adjusted models (table 3), being in the highest tertile of serum insulin did not significantly
increase the risk of BO compared with GORD controls (adjusted OR 1.55, 95% CI 0.76 to
3.15). Being in the highest tertile of serum insulin was associated with a twofold increase in
odds for BO (adjusted OR 2.02, 95% CI 1.15 to 3.54) when BO cases were compared with
the screening colonoscopy control group (table 3). However, the odds for BO were not
significantly increased in the highest tertile of serum insulin compared with the matched
colonoscopy controls.

IR was approximated from the homeostatic model for assessment of insulin resistance
(HOMA-IR). In adjusted models, being in the highest tertile of HOMA-IR increased the
odds of having BO more than twofold (adjusted OR 2.23, 95% CI 1.26 to 3.95) compared
with the screening colonoscopy controls (table 3). However, BO case status was not
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significantly associated with increased HOMA-IR when compared with the matched
colonoscopy controls.

IGF-1 and IGFBP levels
Statistically significant differences were observed in the mean unadjusted IGF-1, IGFBP-1
and IGFBP-3 levels between the three study groups (table 2). Mean (SD) IGF-1
concentrations were highest in GORD controls (194.1 (71.4) ng/ml) and lowest in the
screening colonoscopy controls (116.5 (42.7) ng/ml). Levels of IGFBP-1 were not
significantly different in BO cases and GORD controls. Mean serum levels of IGFBP-1 in
screening colonoscopy controls were significantly lower than those in BO cases or GORD
controls. Mean (SD) IGFBP-3 levels were similar among the GORD controls and the
screening colonoscopy controls (3721 (876) ng/ml and 3623 (833) ng/ml, respectively) but
markedly increased compared with those observed in BO cases (3200 (945) ng/ml).

In the multivariate regression analyses comparing cases with GORD controls, there was no
association between serum IGF-1 levels and BO (table 4). Increasing levels of serum
IGFBP-3 did show an inverse association with BO in the highest tertile (adjusted OR 0.36,
95% CI 0.16 to 0.81). In comparison with the screening colonoscopy controls (table 4), a
fourfold increased odds of BO was seen for those in the highest tertile of serum IGF-1
(adjusted OR 4.05, 95% CI 2.01 to 8.17). A statistically significant inverse association for
BO was seen for those with the highest serum levels of IGFBP-1 (adjusted OR 0.11, 95% CI
0.05 to 0.24). Increasing levels of serum IGFBP-3 also showed an inverse association with
BO (adjusted OR 0.40, 95% CI 0.20 to 0.79). This association was further strengthened by
mutual adjustment of IGFBP-3 for IGF-1 and IGFBP-1 (table 5). Finally, an increased molar
ratio of IGF-1:IGFBP-3 (surrogate for bioavailable IGF-1) was also associated with an
increased odds for BO (adjusted OR 4.72, 95% CI 2.24 to 9.92). In the subset analysis of
BO cases compared with matched screening colonoscopy controls, BO cases in the highest
tertile of serum IGF-1 (table 4) also had an approximately sixfold increase in odds of having
BO. Increased levels of IGFBP-1 and IGFBP-3 also had inverse associations with case
status in the matched subset analysis, similar to the associations seen when all BO cases
were compared with the larger group of all screening colonoscopy controls (table 4). The
association between BO case status and serum markers was also repeated without
adjustment for WHR. Estimates from these models are shown in table 6. Models unadjusted
for WHR gave similar results to the WHR adjusted models. Comparisons of GORD controls
and screening colonoscopy controls are shown in table 7.

DISCUSSION
This hospital-based case-control study found that subjects with BO have increased levels of
insulin and IGF-1 compared with screening colonoscopy controls, supporting the hypothesis
that higher levels of these growth factors associated with obesity contribute to the
development of BO. IGFBP-1 and IGFBP-3, the two major insulin growth factor binding
proteins, both showed inverse associations with BO in comparison with the screening
colonoscopy controls. The molar ratio of IGF-1 to IGFBP-3, a surrogate measure for
bioavailable or unbound IGF-1, was also increased in BO cases compared with colonoscopy
controls with increasing odds across tertiles, consistent with this hypothesis.

Comparisons of insulin, IGF-1, IGFBP-1 and IGFBP-3 between BO cases and GORD
controls showed that these two groups were fairly similar. Serum insulin levels and HOMA-
IR were also similar between BO cases and GORD controls. IGFBP-3 was found to have an
inverse association with BO case status compared with GORD controls. Serum levels of
IGFBP-1 in BO cases did not differ from those in GORD controls. These results indicate
that subjects with BO and those with GORD who do not have BO have similar BMIs,
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similar proportions of central adiposity and fairly similar levels of serum insulin and
bioavailable IGF-1.

Other observational studies have also examined the role of insulin in BO and oesophageal
carcinogenesis. Ryan et al29 found that individuals with long segment BO were significantly
more obese and had higher fasting insulin levels than those with short segment BO,
suggesting that obesity and elevated serum insulin levels play a role in the extent of
metaplasia. Healy et al30 examined the occurrence of the metabolic syndrome in subjects
with BO and those with GORD and found that both groups were similar. In their study,
insulin levels were actually higher in subjects with GORD than in those with BO (9.3 vs 7.5
mU/l, p = 0.02). Finally, Neale et al31 recently reported that diabetes increased the risk of
OAC compared with population controls, adding further support to the hypothesis that
hyperinsulinaemia may mediate obesity-associated carcinogenesis.

Patients in the highest tertile of serum insulin were twice as likely to have BO than those in
the lowest tertile compared with screening colonoscopy controls. Not surprisingly, increased
HOMA-IR, a measure of insulin resistance, was also associated with a similar increase in
the risk of developing BO. However, we found no significant differences in BMI, WHR,
insulin levels and HOMA-IR of BO cases and GORD controls. Models adjusted and
unadjusted for WHR did not give significantly different estimates of odds of BO. We cannot
be certain whether the differences in raised insulin levels observed between BO cases and
screening colonoscopy controls are simply associated with obesity and reflux or whether
they contribute to the metaplastic process itself. Our case-control study design does not
allow us to come to any conclusions about whether hyperinsulinaemia drives the progression
from normal oesophageal tissue to BO or whether it is just reflective of the presence of
metabolic syndrome in obese individuals with BO and GORD.

Postulating a relationship between IGF-1 and obesity-associated carcinogenesis is also
reasonable given that obesity stimulates growth hormone secretion, which is the major
determinant of serum concentrations of IGF-1. IGF-1 is important in tumorigenesis because
of its role in the regulation of proliferation. IGF-1 activates the IGF-1 receptor (IGF-1R)
family, which in turn triggers intracellular signalling cascades in the extracellular signal
regulated kinase (erk) and phosphotidylinositol 3-kinase (PI3K) pathways, making insulin
signalling both mitogenic and anti-apoptotic.32–34 The differences in findings of
observational studies examining serum levels of IGF-1 in relation to site-specific cancer risk
may be because circulating levels of IGF-1 may not reflect tissue levels. Tissue levels of
bioavailable IGF-1 and consequently IGF-1R activation are modulated by local paracrine
concentrations of locally secreted IGFBPs.

Activation of the IGF-1R and systemic levels of IGF-1 may also be affected by
polymorphisms in the receptor. One of the most common polymorphisms observed is
G1013A. Healthy non-obese carriers of the A allele have lower circulating levels of
IGF-1.35 Obese individuals with the polymorphic A variant in IGF-1R are reported to have a
fourfold increased risk for OAC (OR 4.81, 95% CI 1.09 to 21.15) whereas individuals with
the G/G variant are not at increased risk of OAC (OR 2.69, 95% CI 0.41 to 17.62). Analysis
of IGF-1R polymorphisms in BO cases has shown that, in comparison with asymptomatic
population controls, obese individuals with the A variant were at threefold increased risk of
having BO.36 This effect is proposed to be mediated through altered receptor function due to
gene transcription activity or mRNA stability.37 McElholm et al38 recently provided
additional evidence for involvement of the IGF superfamily by identifying an IGF-1 (CA)
microsatellite repeat that was significantly associated with reflux oesophagitis, and two
single nucleotide polymorphisms—rs6214 and rs6898743—were associated with BO and
OAC disease status, respectively. Polymorphisms in BO and GORD subjects were not
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compared directly.37 In contrast, Siahpush et al38 found that circulating levels of IGF-1 or
IGFBP-3 were not predictive of OAC risk or flow cytometric abnormalities in patients with
BO followed long term. After adjustment for risk factors, higher levels of IGFBP-3 were
associated with aneuploidy and the authors suggested that IGFBP-3 may have a role in early
cancer development. Recent data also suggest that 75% of oesophageal adenocarcinomas
overexpress IGF-1R,39 and this over-expression—which is correlated with gender and depth
of tumour invasion—is an independent predictor of survival in OAC.

The association between IGF-1 and BO observed in this study is similar to the association of
IGF-1 with neoplasms of the colorectum, prostate and breast.16–22 In a systematic review
and meta-analysis published by Renehan et al,2 elevated serum IGF-1 levels increased the
risk of cancer at multiple body sites. Pooled OR from cohort studies showed a 1.5–2-fold
increased risk of cancer associated with elevated IGF-1 levels. Since the majority of cases in
the study were prevalent cases of BO under surveillance, we cannot determine if high levels
of insulin or IGF-1 are present prior to disease onset or even at disease incidence. Our
results suggest that elevated IGF-1 is associated with a fourfold increase in the odds of BO
in comparison with the screening colonoscopy controls (table 4). It is not clear why serum
IGF-1 levels were highest in GORD controls. This is similar to the results reported by Healy
et al.30 Age, gender and circadian rhythms can affect serum IGF levels. It is possible that the
differences in the baseline characteristics of the BO and the GORD study groups, as well as
the time of day when blood specimens were collected, could contribute to the differences in
the serum IGF levels. Intake of hormones by the women in the GORD control group could
also have altered serum IGF-1 levels and biased our estimates. This study did not collect
detailed information regarding medication intake or timing of laboratory blood collection
and hence the role of these potential confounders cannot be assessed.

The study design included two control groups because the ideal control group for BO cases
is difficult to define. We used the GORD control group because these subjects had upper
endoscopy and it was unlikely that they had BO, given negative endoscopic and
histopathological examinations. Our previous study showed that over 90% of BO cases seen
in our endoscopy units report reflux symptoms.40 We therefore felt it was important to
capture a control group of patients who have reflux but do not have BO. However, this
group is not representative of the general population and, since GORD is strongly associated
with obesity, this control group is probably overmatched to our case group. The advantage
of using the second screening colonoscopy control group is that it is more representative of
the population seen for routine care in north-east Ohio and allows the identification of
differences that would have been missed with the GORD controls alone. To ensure that our
results were robust and not an artifact related to inadequate adjustment for differences
between our BO cases and screening colonoscopy controls, we also performed a sensitivity
analysis comparing BO cases with a matched subset of the colonoscopy controls (tables 3
and 4). Although the CIs were somewhat wider in this subset analysis, the associations were
similar to the larger group and confirmed the validity of our broader comparative analysis.
Selection bias may have occurred in the recruitment of BO cases, GORD and screening
colonoscopy controls and affected the estimates of observed associations; however, this is a
limitation of any case-control study.

In this study we did not have upper endoscopy information for all colonoscopy controls
sufficient to definitively exclude the presence of GORD or BO. Misclassification in this
control group would only have attenuated the examined differences slightly given the low
population prevalence of BO, and would only bias the results towards the null, which is not
observed here. Although there is a gradual increase in the OR across tertiles when
comparing serum insulin levels and HOMA-IR (table 3) between BO cases and GORD
controls, these differences are not statistically significant. Similar to the findings of Corley
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et al,12 in this study BO cases and the GORD control group had similar measures of central
adiposity, suggesting that a much larger sample size would be required to rigorously test our
hypothesis when comparing BO cases with GORD controls. Another important reason for
choosing two control groups is the fact that GORD is strongly associated with BO as well as
obesity. Excess weight—specifically, central adiposity—is an independent risk factor for
BO and also GORD. Obesity may lead to BO through two separate pathways: the
oesophageal reflux pathway and the insulin growth factor pathway. Addition of the second
control group (ie, the screening colonoscopy controls) allowed us to examine the insulin/IGF
axis separately from the obesity-reflux pathway. Misclassification could have also occurred
in this study group and bias result estimates.

The results of this study potentially open up novel avenues of investigation. Given the
association of increased insulin and IGF-1 with BO, the next step will be to evaluate the
mechanisms and biological pathways that would account for these differences. Furthermore,
it will be important to study interactions between inflammatory mediators produced by
gastro-oesophageal reflux and the insulin/IGF pathway. Clearly, obesity is also associated
with dietary changes and the results of this study suggest that it may be beneficial to study
the role of diet, especially foods with a high glycaemic index, in oesophageal
carcinogenesis. It would also be interesting to look at the impact of physical activity on the
development of BO and progression through the spectrum of metaplasia. Most importantly,
to determine the role of the insulin and IGF-1 pathways in oesophageal carcinogenesis, it
will be necessary to examine molecular changes associated with activation of these
pathways in BO.

In summary, evidence gathered from our study suggests that subjects with oesophageal
intestinal metaplasia are exposed to elevated systemic levels of insulin and IGF-1 compared
with screening colonoscopy controls, a reasonable surrogate for the population.
Furthermore, the study suggests that IGFBP-3 has an inverse association with BO case
status. Given the rising incidence of OAC as well as the obesity epidemic, it is important to
focus research efforts on the IGF family and to continue exploring how interception of IGF
molecular pathways could lead to possible disease prevention.

Acknowledgments
The authors thank the dedicated staff of the Dahms Clinical Reseach Unit for their role in the completion of this
project.

Funding This research was supported by grant R21 CA135692 from the National Cancer Institute. AC is supported
by grant K24 DK002800 from the National Institute of Diabetes and Digestive and Kidney Diseases.

References
1. Calle EE, Rodriguez C, Walker Thurmond K, et al. Overweight, obesity, and mortality from cancer

in a prospectively studied cohort of US adults. N Engl J Med. 2003; 348:1625–38. [PubMed:
12711737]

2. Renehan AG, Tyson M, Egger M, et al. Body mass index and incidence of cancer: a systematic
review and meta-analysis of prospective observational studies. Lancet. 2008; 371:569–78.
[PubMed: 18280327]

3. Chow WH, Blot WJ, Vaughan TL, et al. Body mass index and risk of adenocarcinomas of the
esophagus and gastric cardia. J Natl Cancer. 1998; 90:150–5.

4. Pohl H, Welch HG. The role of overdiagnosis and reclassification in the marked increase of
esophageal adenocarcinoma incidence. J Natl Cancer Inst. 2005; 19:142–6. [PubMed: 15657344]

5. Cook MB, Chow WH, Devesa SS. Oesophageal cancer incidence in the United States by race, sex,
and histologic type, 1977–2005. Br J Cancer. 2009; 101:855–9. [PubMed: 19672254]

Greer et al. Page 8

Gut. Author manuscript; available in PMC 2013 June 02.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



6. El-Serag H. The epidemic of esophageal adenocarcinoma. Gastroenterology Clin North Am. 2002;
31:421–40.

7. Thomas T, Abrams KR, DeCaestecker JS, et al. Meta analysis: cancer risk in Barrett’s oesophagus.
Aliment Pharmacol Ther. 2007; 26:1465–77. [PubMed: 17900269]

8. Eloubeidi MA, Mason AC, Desmond RA, et al. Temporal trends (1973–1997) in survival of patients
with esophageal adenocarcinoma in the United States: a glimmer of hope? Am J Gastroenterol.
2003; 98:1627–33. [PubMed: 12873590]

9. Hamilton SR, Smith RR, Cameron JL. Prevalence and characteristics of Barrett esophagus in
patients with adenocarcinoma of the esophagus or esophagogastric junction. Hum Pathol. 1988;
19:942–8. [PubMed: 3402983]

10. Crowell MD, Bradley A, Hansel S, et al. Obesity is associated with increased 48-h esophageal acid
exposure in patients with symptomatic gastroesophageal reflux. Am J Gastroenterol. 2009;
104:553–9. [PubMed: 19223881]

11. Kamat P, Wen S, Morris J, et al. Exploring the association between elevated body mass index and
Barrett’s esophagus: a systematic review and meta-analysis. Ann Thorac Surg. 2009; 87:655–62.
[PubMed: 19161814]

12. Corley DA, Kubo A, Levin TR. Abdominal obesity and body mass index as risk factors for
Barrett’s esophagus. Gastroenterology. 2007; 133:34–41. [PubMed: 17631128]

13. Edelstein ZR, Farrow DC, Bronner MP, et al. Central adiposity and risk of Barrett’s esophagus.
Gastroenterology. 2007; 133:403–11. [PubMed: 17681161]

14. Pollak M. Insulin and insulin like growth factor signaling in neoplasia. Nat Rev Cancer. 2008;
12:915–28. [PubMed: 19029956]

15. Renehan AG, Frystyk J, Flyvbjerg A. Obesity and cancer risk: the role of the insulin-IGF axis.
Trends Endocrinol Metab. 2006; 17:328–36. [PubMed: 16956771]

16. Kaaks R, Lukanova A, Rinaldi S, et al. Interrelationships between plasma testosterone, SHBG,
IGF-I, insulin and leptin in prostate cancer cases and controls. Eur J Cancer Prev. 2003; 12:309–
15. [PubMed: 12883384]

17. Stattin P, Bylund A, Rinaldi S, et al. Plasma insulin like growth factor-I, insulin-like growth factor-
binding proteins, and prostate cancer risk: a prospective study. J Natl Cancer Inst. 2000; 92:1910–
17. [PubMed: 11106682]

18. Kaaks R, Toniolo P, Akhmedkhanov A, et al. Serum C-peptide, insulin-like growth factor (IGF)-1,
IGF-binding proteins, and colorectal cancer risk in women. J Natl Cancer Inst. 2000; 92:1592–
600. [PubMed: 11018095]

19. Palmqvist R, Stattin P, Rinaldi S, et al. Plasma insulin, IGF-binding proteins-1 and -2 and risk of
colorectal cancer: a prospective study in Northern Sweden. Int J Cancer. 2003; 107:89–93.
[PubMed: 12925961]

20. Ma J, Giovannucci E, Pollak M, et al. A prospective study of plasma C-peptide and colorectal
cancer risk in men. J Natl Cancer Inst. 2004; 96:546–53. [PubMed: 15069117]

21. Wei EK, Ma J, Pollak MN, et al. A prospective study of C-peptide, insulin-like growth factor-I,
insulin-like growth factor binding protein-1, and the risk of colorectal cancer in women. Cancer
Epidemiol Biomarkers Prev. 2005; 14:850–5. [PubMed: 15824155]

22. Renehan AG, Zwahlen A, Minder C, et al. Insulin-like growth factor (IGF)-1, IGF binding
protein-3 and cancer risk: systematic review and meta-regression analysis. Lancet. 2004;
363:1346–53. [PubMed: 15110491]

23. Chen SC, Chou CK, Wong FH, et al. Overexpression of epidermal growth factor and insulin-like
growth factor-I receptors and autocrine stimulation in human esophageal carcinoma cells. Cancer
Res. 1991; 51:1898–903. [PubMed: 2004373]

24. Liu YC, Leu CM, Wong FH, et al. Autocrine stimulation by insulin like growth factor I is involved
in the growth, tumorigenicity and chemoresistance of human esophageal carcinoma cells. J
Biomed Sci. 2002; 9:665–74. [PubMed: 12432233]

25. Takaoka M, Harada H, Andl CD, et al. Epidermal growth factor receptor regulates aberrant
expression of insulin -like growth factor binding protein 3. Cancer Res. 2004; 64:7711–23.
[PubMed: 15520175]

Greer et al. Page 9

Gut. Author manuscript; available in PMC 2013 June 02.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



26. Lohman, TG.; Roche, AF.; Mertorell, R. Anthropometric Standardization Reference Manual.
Champaign: Human Kinetics Books; 1988.

27. Matthews DR, Hosker JP, Rudenski AS, et al. Homeostatis model assessment: insulin resistance
and beta cell function from fasting plasma glucose and insulin concentrations in man.
Diabetologia. 1985; 28:412–19. [PubMed: 3899825]

28. Bonora E, Targher G, Alberichie M, et al. Homeostasis model assessment closely mirrors the
glucose clamp technique in -the assessment of insulin sensitivity. Diabetes Care. 2000; 23:57–63.
[PubMed: 10857969]

29. Ryan AM, Healy LA, Byrne M, et al. Barrett esophagus: prevalence of central adiposity, metabolic
syndrome and a proinflammatory state. Ann Surg. 2008; 247:909–15. [PubMed: 18520215]

30. Healy LA, Ryan AM, Pidgeon G, et al. Lack of differential pattern in central adiposity and
metabolic syndrome in Barrett’s esophagus and gastroesophageal reflux disease. Dis Esophagus.
2010; 23:386–91. [PubMed: 20353443]

31. Neale RE, Doecke JD, Pandeya N, et al. Does type 2 diabetes influence the risk of oesophageal
adenocarcinoma? Br J Cancer. 2009; 100:795–8. [PubMed: 19190630]

32. Draznin B. Molecular mechanisms of insulin resistance: serine phosphorylation of insulin receptor
substrate-1 and increased expression of p85. Diabetes. 2006; 55:2392–7. [PubMed: 16873706]

33. Shepherd PR, Nave BT, Siddle K. Insulin stimulation of glycogen synthesis and glycogen synthase
activity is blocked by wortmannin and rapamycin in 3T3-L1 adipocytes: evidence for involvement
of phosphoinositide 3-kinase and p70 ribosomal protein-S6 kinase. Biochem J. 1995; 305:25–8.
[PubMed: 7826337]

34. Montagnani M, Golovchenko I, Kim I, et al. Inhibition of the phosphoinositol 3-kinase enhances
mitogenic action of insulin in endothelial cells. J Biol Chem. 2002; 277:1794–9. [PubMed:
11707433]

35. Bonafe M, Barbieri M, Marchegiani F, et al. Polymorphic variants of insulin growth factor I
receptor and phosphoinositide 3 kinase gene affect IGF-I plasma levels and human longevity: cues
for an evolutionarily conserved mechanism of life span control. J Clin Endocrinol Metab. 2003;
88:3299–304. [PubMed: 12843179]

36. MacDonald K, Porter GA, Guernsey DL, et al. A polymorphic variant of the insulin-like growth
factor type I receptor gene modifies risk of obesity for esophageal adenocarcinoma. Cancer
Epidemiol. 2009; 33:37–40. [PubMed: 19679045]

37. McElholm AR, McKnight AJ, Patterson CC, et al. A population-based study of IGF axis
polymorphisms and the esophageal inflammation, metaplasia, adenocarcinoma sequence.
Gastroenterology. 2010; 139:204–12.e3. [PubMed: 20403354]

38. Siahpush SH, Vaughan TL, Lampe JN, et al. Longitudunal study of insulin-like growth factor,
insulin-like growth factor binding protein -3, and their polymorphisms: risk of neoplastic
progression in Barrett’s esophagus. Cancer Epidemiol Biomarkers Prev. 2007; 16:2387–95.
[PubMed: 18006928]

39. Kalinina T, Bockhorn M, Kaifi JT, et al. Insulin-like growth factor-1 receptor as a novel prognostic
marker and its implication as a cotarget in the treatment of human adenocarcinoma of the
esophagus. Int J Cancer. 2010; 127:1931–40. [PubMed: 20104520]

40. Chak A, Faulx A, Eng C, et al. Gastrooesophageal reflux symptoms in patients with
adenocarcinoma of the esophagus or cardia. Cancer. 2006; 107:2160–6. [PubMed: 17019737]

Greer et al. Page 10

Gut. Author manuscript; available in PMC 2013 June 02.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Significance of this study

What is already known about this subject?

• Obesity increases the risk of cancer at multiple body sites including the
oesophagus.

• Central accumulation of body fat increases the risk of gastro-oesophageal reflux
and Barrett’s oesophagus.

• Obesity is associated with increased insulin resistance.

What are the new findings?

• Increasing levels of serum insulin and insulin growth factor 1 are associated
with an increased risk of Barrett’s oesophagus in comparison with screening
colonoscopy controls.

• High serum levels of insulin growth factor binding proteins 1 and 3 are
associated with decreased odds of having Barrett’s oesophagus.

• Insulin and insulin growth factor 1 may play a role in Barrett’s oesophagus.

How might it impact on clinical practice in the foreseeable future?

• The insulin and insulin growth factor pathway may prove to be a target for the
prevention of Barrett’s oesophagus and oesophageal adenocarcinoma.
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Table 5

Multivariate odds of BO compared with screening colonoscopy controls, adjusted for other IGF biomarkers
(lowest tertile set as baseline)

Tertile

1 2 3 p Value (trend)*

IGF-1

 Range, ng/ml <94.48 94.48–130.98 >130.99 <0.0001

 Cases 33 24 76

 Controls 311 310 311

 OR (95% CI) 1.0 (referent) 3.27 (1.26 to 8.45) 10.5 (4.02 to 27.3)

IGFBP-1

 Range, ng/ml <13.2 13.92–31.49 >31.49 <0.0001

 Cases 91 32 10

 Controls 318 306 308

 OR (95% CI) 1.0 (referent) 0.40 (0.20 to 0.78) 0.16 (0.06 to 0.40)

IGFBP-3

 Range, ng/ml <3286 3286–4020 >4020 <0.0001

 Cases 81 36 16

 Controls 313 309 310

 OR (95% CI) 1.0 (referent) 0.41 (0.20 to 0.83) 0.05 (0.01 to 0.14)

*
Adjusted for age, gender, race (Caucasian vs other) and waist-to-hip ratio.

BO, Barrett’s oesophagus; GORD, gastro-oesophageal reflux disease; IGF-1, insulin growth factor 1; IGFBP-1, IGFBP-3, IGF binding proteins 1
and 3.
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Table 7

Tertiles of insulin, HOMA-IR, IGF-1 and IGFBPs in GORD controls compared with screening colonoscopy
controls: multivariate analyses not adjusted for waist-to-hip ratio

Tertiles

1 2 3 p Value (trend)*

Insulin, μIU/ml

 Range <3.8 3.8–7.27 >7.27 0.73

 Cases 50 42 43

 Controls 335 298 299

 OR (95% CI) 1.0 (referent) 0.98 (0.62 to 1.54) 1.08 (0.69 to 1.71)

HOMA-IR

 Range <0.74 0.74–1.58 >1.58 0.78

 Cases 50 42 43

 Controls 335 299 298

 OR (95% CI) 1.0 (referent) 0.97 (0.61 to 1.53) 1.07 (0.68 to 1.69)

IGF-1, ng/ml

 Range <94.5 94.5–130.9 >130.9 0.08

 Cases 49 42 44

 Controls 311 310 311

 OR (95% CI) 1.0 (referent) 0.77 (0.48 to 1.22) 0.66 (0.40 to 1.05)

IGFBP-1, ng/ml

 Range <13.9 13.9–31.5 >31.5 0.57

 Cases 49 42 44

 Controls 319 306 308

 OR (95% CI) 1.0 (referent) 0.84 (0.53 to 1.34) 0.87 (0.55 to 1.38)

IGFBP-3, ng/ml

 Range <3286 3286–4020 >4020 0.76

 Cases 48 42 45

 Controls 313 309 310

 OR (95% CI) 1.0 (referent) 0.91 (0.56 to 1.46) 0.93 (0.58 to 1.49)

Molar ratio of IGF-1 to IGFBP-3

 Range <0.103 0.103–0.119 >0.119 0.0008

 Cases 55 40 40

 Controls 351 194 387

 OR (95% CI) 1.0 (referent) 1.06 (0.66 to 1.69) 0.45 (0.27 to 0.72)

*
Adjusted for age, gender, race (Caucasian vs other)

BO, Barrett’s oesophagus; GORD, gastro-oesophageal reflux disease; HOMA-IR, homeostatic model for assessment of insulin resistance; IGF-1,
insulin growth factor 1; IGFBP-1, IGFBP-3, IGF binding proteins 1 and 3.
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