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Abstract

Obesity is associated with increased risk of many types of cancer. Less is known regarding
associations between adipose depots and cancer risk. We aimed to explore relationships between
adipose depots, risk of cancer and obesity-related cancer (per NCI definition) in participants
initially aged 70-79 without prevalent cancer (1,179 men, 1,340 women), and followed for
incident cancer for 13 years. Measures included body mass index (BMI), total adipose tissue from
dual-energy X-ray absorptiometry and computed tomography measures: visceral adipose tissue
(VAT), abdominal subcutaneous adipose tissue (SAT), thigh intermuscular adipose tissue and
thigh muscle attenuation (Hounsfield Unit, HU), low HU indicates fatty infiltration. Hazard ratios
(HR) and 95% confidence intervals (Cls) were estimated by Cox proportional hazards regression
adjusted for demographics, lifestyle variables and medical conditions. During follow-up 617
participants developed cancer of which 224 were obesity-related cancers. Total adipose tissue and
VAT were positively associated with cancer risk among women (HR 1.14, 95% CI 1.01-1.30 per
SD increase, HR 1.15, 95% CI 1.02-1.30 per SD increase). There were no associations with
cancer risk among men. Total adipose tissue was positively associated with obesity-related cancer
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risk among women (HR 1.23, 95% CI 1.03-1.46 per SD increase). VAT was positively associated
with obesity-related cancer risk among men (HR 1.30, 95% CI 1.06-1.60 per SD increase) and
remained associated even with adjustment for BMI (HR 1.40, 95% CI 1.08-1.82 per SD increase).
These findings provide insight into relationships between specific adipose depots and cancer risk
and suggest differential relationships among men and women.
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Introduction

Methods

Excess body weight is a strong risk factor for cancer development. A large meta-analysis of
over 280,000 cancer cases showed greater body mass index (BMI) was associated with
increased risk of many types of cancer (Renehan et al. 2008). Evidence is particularly strong
for cancers of the breast, endometrium, esophagus, pancreas, colon and rectum, kidney,
thyroid, and gallbladder (Bianchini et al. 2002; Pan et al. 2004; National Cancer Institute,
2012). However, there are limitations to using BMI as a proxy for adiposity, including that it
does not provide information on adipose tissue distribution.

Knowledge of cancer risk in relation to specific adipose tissue depots may be of particular
importance in old age when there is a propensity for adipose tissue redistribution. In general,
visceral adipose tissue (VAT) and intermuscular adipose tissue (IMAT, adipose between
muscle bundles) increase, while the amount of subcutaneous adipose tissue (SAT) decreases
(Kuk et al. 2009). As a result, there is controversy over the clinical utility of BMI as an
indicator of obesity in older adults (Zamboni et al. 2005). It is unclear if age-related changes
in body composition impact estimation of obesity and cancer risk.

The purpose of this study was to provide a new perspective on obesity and cancer risk by
examining radiographically derived measures of adiposity and incident cancer in a
prospective study of older adults. We aimed to 1) determine associations between total body
adipose tissue, VAT, SAT, and thigh IMAT with obesity-related cancer risk, 2) explore
adiposity measures in relation to risk of all incident cancer as several studies have reported
associations between BMI and risk of non-obesity-related cancers (Olson et al. 2002; Pan et
al. 2004; Kabat et al. 2008), and 3) determine if adipose depots convey risk beyond that
attributable to BMI. We hypothesized that metabolically active adipose tissue, specifically
VAT and thigh IMAT would be independently and positively associated with risk of cancer
and obesity-related cancer.

Study population

The Health, Aging, and Body Composition Study (Health ABC) is a prospective, population
study that was designed to examine effects of body composition and weight-related health
conditions on functional limitation in older adults. Between April 1997 and June 1998,
3,075 community-dwelling black and white men and women aged 70-79 years were
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enrolled. Participants were drawn from a random sample of white Medicare beneficiaries
and all black Medicare eligible residents in the areas surrounding Memphis, TN, and
Pittsburgh, PA. Eligibility criteria included: 1) no reported difficulty walking one-quarter
mile, climbing 10 steps or performing activities of daily living, 2) no history of active cancer
treatment in the prior 3 years, 3) no plans to leave the study area for 3 years, and 4) no active
participation in a lifestyle intervention trial. All participants provided informed consent;
protocols were approved by the institutional review boards of the clinic sites.

Cancer ascertainment

Participants or their proxies were contacted every 6 months in person or by telephone and
queried about any hospitalization and health conditions including new cancer diagnoses.
Incident cancers were determined directly from hospital records or from the underlying
cause of death from death certificates. Diagnoses were confirmed by review of imaging and
biopsy reports. Cancer cases excluding non-melanoma skin cancer were determined over 13
years of follow-up. Obesity-related cancer was defined according to the National Cancer
Institute Obesity and Cancer Fact Sheet (National Cancer Institute, 2012) which includes
cancer of the breast, endometrium, esophagus, pancreas, colon and rectum, kidney, thyroid,
and gallbladder. Follow-up time was calculated as the difference between baseline and date
of diagnosis for cancer cases or the difference between baseline and date of last contact or
death for non-cancer cases.

Anthropometric measures

Covariates

This study utilizes year 1 data on BMI, total fat from dual-energy X-ray absorptiometry
(DXA), VAT and SAT area from abdominal computed tomography (CT), IMAT area and
muscle attenuation (Hounsfield Units, HU) from thigh CT. BMI was calculated from height
and weight measured by stadiometer and calibrated scale. Total adipose tissue was
determined by DXA using a Hologic QDR4500A as previously reported (Visser et al. 1999;
Salamone et al. 2000). CT imaging of the abdomen at the L4/L5 vertebrae and the thigh
were performed with a Siemens Somatom or Picker PQ200S in Memphis and a General
Electric 9800 Advantage in Pittsburgh. CT data were analyzed at the University of Colorado
Health Sciences Center according to standardized protocols (Hill et al. 1999). Briefly,
adipose areas in centimeters squared were calculated by multiplying the number of pixels by
the pixel area using Interactive Data Language software (ITT Visualization Solutions,
Boulder, CO, USA). Abdominal VAT was manually distinguished from SAT by tracing
along the facial plane. The number of participants with each measure varies from 2,505 to
2,349 due to missing data. The mean attenuation of thigh muscle was recorded. Lower
attenuation indicates greater fat infiltration of muscle.

Demographic, lifestyle and other risk factors were determined from baseline questionnaire
and the clinic visit. Variables included age, gender, race, study site and education (<high
school, high school graduate or >high school). Lifestyle factors included smoking history
(never, former or current), smoking duration (pack-years), alcohol consumption, and
physical activity. Physical activity was assessed as kilocalories expended walking and
climbing stairs in the week prior to baseline as described previously (Brach et al. 2004).
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Comorbid conditions (diabetes, chronic obstructive pulmonary disease and other pulmonary
disease, cardiovascular disease including coronary heart disease, congestive heart failure,
and cerebrovascular disease) were determined from self-report, medications and clinical
assessments.

Statistical Analysis

Results

Differences in the distributions of baseline characteristics between participants with and
without incident cancer were assessed using two-sided t-tests for continuous variables and
chi-square test for categorical variables. Risk analyses were conducted per standard
deviation (SD) increase in continuous adipose measures. Analyses were also conducted with
adipose measures categorized into race and gender specific quartiles (Q, all cancers) or
tertiles (T, obesity-related cancers due to fewer events) with P for linear trend across groups
reported from the Wald statistic. Associations between baseline adiposity measures and time
to diagnosis or date of last contact were estimated by hazard ratios (HR) and 95%
confidence intervals (CI) using Cox proportional hazards models. Examination of
Schoenfeld residuals and Kaplan Meier plots indicated that the proportional hazards
assumption was met. Cox models were initially unadjusted (Model 1). Models were
subsequently adjusted for demographics, lifestyle factors and co-morbid conditions (Model
2). Although BMI and adipose measures were correlated (Pearson correlation r=-0.45 for
thigh HU to r=0.89 for total fat), we adjusted Model 2 for BMI to test the strength of
associations of adipose measures and cancer risk beyond BMI. The variance inflation factor
was <5 for all adipose measures except total adipose tissue in women (variance
inflation=7.69). Sensitivity analyses were conducted excluding cancers diagnosed <2 years
after baseline (N=118) to account for cancers that may have been clinically undetected at
baseline. All analyses were performed with STATA version 12.1 (StataCorp, College
Station, TX) with significance set at P<0.05.

At baseline, 527 participants had prevalent cancer (cancer diagnosis within the previous 3
years) and were excluded. Over a mean (SD) and median follow-up of 9.74 (4.26) years and
11.7 years, 643 incident cancer were identified. Of this, 24 participants had unconfirmed
cancer and were excluded. A further 5 participants were excluded due to incomplete
smoking history resulting in an analytical sample of 1902 participants without incident
cancer and 617 participants with incident cancer: 268 women (rate 19.2/1000 person years)
and 349 men (33.1/1000 person years). During a mean (SD) and median follow-up of 10.3
(3.96) years and 12.4 years, 142 women (rate 10.0/1000 person years) and 82 men
developed obesity-related cancer (7.03/1000 person years).

The mean age of the analytic sample was 74 years, 47% were male and 57% were white.
Baseline characteristics for participants without and with incident cancer are presented in
Table 1. Participants with incident cancer were predominately men and were more likely to
report current or former smoking and longer smoking duration. Other characteristics
including race/ethnicity, study site, education and BMI were similar between participants
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with and without incident cancer. Cancers were predominately of the prostate (N=126), lung
(N=110), colon and rectum (N=82), and breast (N=74).

The distribution of adipose tissue measures are shown in Table 2. Measures were stratified
by race and gender due to significant interactions with adipose measures (P<0.05). There
was a wide range for all measures reflecting a spectrum from underweight
(BMI<18.5kg/m?) to class 111 obesity (BMI=40kg/m?).

Risks of incident cancer per SD increase in continuous adipose measures are shown in Table
3. In unadjusted models (Model 1), greater total adipose tissue and SAT were associated
with lower cancer risk in men while greater total adipose tissue and VAT were associated
with increased cancer risk among women. All associations were attenuated with adjustment
for risk factors (Model 2). Total adipose tissue and VAT remained positively associated with
cancer risk among women in Model 2. However, additional adjustment for BMI attenuated
risk for total adipose tissue (HR 1.18, 95% CI 0.87-1.61) and VAT (HR 1.09, 95% CI 0.94—
1.28). Similar associations were observed in sensitivity analyses excluding cancers
identified within the first 2 years, with the exception that SAT became positively associated
with risk among women in sensitivity analyses (Supplementary Table 1).

Table 3 depicts associations between quartiles of adipose measures and risk of incident
cancer (reference category Q1). Among men, Q2 and Q4 of total adiposity were associated
with a lower risk of cancer in Model 1 but was attenuated in Model 2. Q2 and Q4 of SAT
were both associated with lower risk of cancer in Model 1 and associations persisted for Q4
independent of risk factors (Model 2). Among women, Q4 of SAT was positively associated
with cancer risk in Model 1 but was no longer significant with adjustment for risk factors.
Q2 and Q4 of IMAT were associated with increased cancer risk (Model 1) but only Q2
remained associated in Model 2. Q3 of thigh HU was associated with lower risk of cancer in
Model 1 only. There were no other significant associations.

Obesity-related cancer risks per SD increase in adipose measures are shown in Table 4.
Among men, greater VAT was associated with increased obesity-related cancer risk (Models
1 and 2). Associations for VAT among men remained with adjustment for BMI (HR 1.40,
95% CI 1.08-1.82). Among women total adipose tissue was positively associated with
obesity-related cancer risk but not independently of BMI (HR 1.06, 95% CI 0.70-1.61).
Sensitivity analyses excluding obesity-related cancers identified within the first 2 years of
study baseline showed comparable associations between adipose measures and obesity-
related cancer risk (Supplementary Table 1).

Table 4 depicts associations between tertiles of adipose measurements (reference category
T1) and obesity-related cancer. Among men T3 of total adipose tissue was marginally
associated with increased obesity-related cancer risk in unadjusted and adjusted models
while T2 and T3 of VAT were strongly associated with obesity-related cancer risk in both
models. T2 and T3 of VAT remained associated with obesity-related cancer risk even
following adjustment for BMI (HR 3.06, 95% CI 1.54-6.10, HR 3.31, 95% CI 1.53-7.16).
Among women only T2 of IMAT was associated with obesity-related cancer risk among
women and was not associated independent of BMI (HR 1.39, 95% CI 0.88-2.20).
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Discussion

This study extends our understanding of relationships between obesity and cancer risk by
investigating relationships in a well-characterized population of older adults with
radiographic imaging of adipose depots. Our results suggest that adiposity may carry risk for
cancers beyond those identified as obesity-related by the National Cancer Institute and
further suggest a possible sex differential with respect to adipose and cancer risk. Among
men, incident cancers were weighted toward non-obesity related cancer while women
tended to develop obesity-related cancer. For all incident cancers there were largely null
associations among men whereas there were positive associations for continuous measures
of total adipose tissue, VAT and in sensitivity analyses, SAT among women. For every SD
increase in total adipose tissue there was a 14% increase in cancer risk and for every SD
increase in VAT there was a 15% increase in cancer risk. Total adipose tissue carried a
slight increased risk of obesity-related cancer in both men and women. However, VAT was
associated with risk of obesity-related cancer only among men and was a particularly strong
risk factor: 30% increased risk for every SD increase and nearly a 3-fold greater risk for the
second and top tertile versus the lowest tertile of VAT. VAT was the only adipose depot that
remained associated with cancer risk independent of BMI, suggesting that among men VAT
may provide prognostic information beyond risk captured by BMI.

Previous studies have reported different associations between obesity and risk of cancer by
sex, with men generally having a greater risk than women (Moore et al. 2004; Renehan et al.
2008). It was hypothesized that a sex differential may be due to BMI reflecting central
adiposity more strongly among men than women. However our results suggest that sex
differences extend beyond the limitations of BMI as an indicator of central adiposity as even
with directly assessed adipose depots, associations between adipose and cancer risk were not
consistent across men and women. Sex differences may reflect hormonal variation between
men in women. For example, the oestrogenic effects of adiposity are thought to increase the
risk of cancers of the breast, endometrium and possibly ovaries, whereas there are
inconsistent associations between testosterone and androgens and cancer risk among men
(Calle et al. 2003). Differential relationships may also reflect age-related hormonal milieu in
women. Several studies suggest that among women relationships between obesity, breast
cancer risk (Morimoto et al. 2002) and colorectal cancer risk (Terry et al. 2001) vary by age
and may be attenuated among older postmenopausal women.

Several studies have reported that waist circumference, an indicator of VAT is more
strongly associated with cancer risk than BMI (Moore et al. 2004; Kabat et al. 2013). IMAT
has metabolic properties similar to VAT, and thus we originally hypothesized that both
depots would be associated with increased risk of cancer and obesity-related cancer.
However, our results showed inconsistent associations with VAT and generally no
associations with either thigh IMAT or thigh HU. There are a limited number of studies with
computed tomography assessment of adipose tissue in relation to cancer risk to which we
can draw parallels. A case control study reported greater VAT and SAT in men with prostate
cancer compared to controls despite similar BMI (von Hafe et al. 2004). Another study
reported a positive association between VAT and risk of recurrent rectal cancer among men
and women with locally advanced rectal cancer (Clark et al. 2013). These studies align with
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our finding of positive associations between VAT and obesity-related cancer risk among
men but do not explain our null results with VAT and obesity-related cancer risk among
women. Our results may reflect factors not captured by the cross-sectional measures of
adiposity in this analysis, including potentially cumulative effects of life-long obesity on
cancer risk and effects of fluctuation in weight and adipose depots on estimation of cancer
risk. Longitudinal analyses may help to answer these important questions.

The strength of this study is in the detailed measures of adipose depots from high precision
imaging rather than relying on estimates of adiposity from BMI or waist circumference. The
use of radiographic imaging also made it possible to assess relationships between cancer risk
and IMAT, which is a novel contribution. A further strength is the bi-racial participant
population that includes white and black participants. There are also study limitations. These
results may not be generalizable to younger populations. We were also limited by the
number of cancer cases, there were too few to examine relationships by cancer type (ie.
colon and rectal or breast). Additional larger studies with similar imaging would help to
clarify cancer specific relationships with adipose tissue depots.

It is reassuring that many of the associations we observed between adipose measures and
cancer risk (all cancer and obesity-related cancer) were attenuated by BMI which is an
overall measure of obesity. BMI is a simple measure that is routinely assessed whereas
radiographic imaging of adipose depots is not feasible in most clinical settings. However,
the strong association of VAT and obesity-related cancer risk independent of BMI in men
suggests that this may be an important depot for prognostication among men.

Conclusions

Although the reasons are unclear, the results of this study suggest that adiposity may confer
risks for cancer and obesity-related cancer in older men and women, although only VAT
appears to provide information beyond that attributed to BMI. This study further suggests
differential associations between adiposity and risk among men and women.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Baseline characteristics of participants with and without incident cancer in the Health ABC Study

No incident cancer N=1902

Incident cancer N=617

P

Follow-up time in years, mean (SD)
Age in years, mean (SD)
Women, n (%)
White, n (%)
Memphis site, n (%)
Education, n (%)
<High school
High school
Postsecondary
Smoking status, n (%)
Never
Current
Former
Pack-years, mean (SD)
Comorbid conditions, n (%)
Cardiovascular disease
Diabetes
Pulmonary disease
BMI in kg/m?2, mean (SD)
Physical activity in kcal/week, n (%)
0-499.9
500-999.9
21,000
Cancer diagnosis
Lung, n (%)
Breast, n (%)
Colon and rectum, n (%)

Prostate, n (%)

10.9 (3.63)
741 (2.87)
1072 (56.4)
1097 (57.7)
971 (51.1)

509 (26.8)
624 (32.9)
765 (40.3)

900 (47.3)
184 (9.67)
818 (43.0)
17.4 (27.3)

469 (25.3)
354 (18.6)
219 (11.5)
27.4 (4.85)

1010 (53.1)
315 (16.6)
577 (30.3)

6.05 (3.94)
74.1 (2.90)
268 (43.4)
344 (55.8)
303 (49.1)

145 (23.6)
193 (31.4)
277 (45.0)

218 (35.3)
87 (14.1)

312 (50.6)

22.9(28.8)

135 (22.3)
113 (18.3)
82 (13.3)

27.5 (4.74)

321 (52.0)
107 (17.3)
189 (30.6)

110 (17.8)
74 (12.0)
82 (13.3)
126 (20.4)

<0.001
0.73

<0.001
0.40
0.40

<0.001

<0.001

0.19
0.87
0.24
0.56
0.87

Notes: Presence or absence of incident cancer determined over 13 years of follow-up. BMI: body mass index, kcal: kilocalorie, SD: standard
deviation. Two sample t-tests for continuous variables, chi-square tests for categorical variables.
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