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Abstract

Background: Although obesity has been linked to an increased risk of colorectal cancer

(CRC), the risk associated with long-term status or change of body fat distribution has

not been fully elucidated.

Methods: Using repeated anthropometric assessments in the Nurses’ Health Study and

Health Professionals Follow-up Study, we prospectively investigated cumulative average

waist circumference, hip circumference and waist-to-hip ratio, as well as their 10-year

changes over adulthood, in relation to CRC risk over 23–24 years of follow-up. Cox pro-

portional hazards models were used to calculate the hazard ratio (HR) and 95% confi-

dence interval (CI).

Results: High waist circumference, hip circumference and waist-to-hip ratio were all

associated with a higher CRC risk in men, even after adjusting for body mass index. The

association was attenuated to null in women after adjusting for body mass index. Ten-

year gain of waist circumference was positively associated with CRC risk in men (P for

trend¼ 0.03), but not in women (P for trend¼ 0.34).Compared with men maintaining their

waist circumference, those gaining waist circumference by � 10 cm were at a higher risk

of CRC, with a multivariable-adjusted HR of 1.59 (95% CI, 1.01–2.49). This association

appeared to be independent of weight change.

Conclusions: Abdominal adiposity, independent of overall obesity, is associated with an

increased CRC risk in men but not in women. Our findings also provide the first
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prospective evidence that waist circumference gain during adulthood may be associated

with higher CRC risk in men, thus highlighting the importance of maintaining a healthy

waist for CRC prevention.

Key words: Body fat distribution, sex difference, postmenopausal hormone therapy

Introduction

Colorectal cancer (CRC) is the third most commonly diag-

nosed cancer and the fourth leading cause of cancer death

in the world.1 Overall obesity, as measured by high body

mass index (BMI), increases CRC risk, with more consist-

ent evidence in men than in women.2 Recently it has been

estimated that 13.0% of colon cancer and 6.2% of rectal

cancer were attributable to high BMI (> 22kg/m2).3

Despite these compelling data, several limitations of BMI

have been noted, including its inability to distinguish be-

tween fat mass and lean mass and to capture the variation

of body fat distribution.4 On the other hand, accumulating

evidence suggests that abdominal fat distribution, meas-

ured by high waist circumference or waist-to-hip ratio

(WHR), is a better indicator of the metabolic disturbances

that may subsequently influence CRC risk.4

High waist circumference and WHR have been associ-

ated with a higher risk of CRC in many prospective stud-

ies.5–18 However, in all but two studies8,19 only a single

measurement was reported, and therefore neither the long-

term influence nor any changes in body fat distribution

during adulthood could be examined.

The objective of this study was to investigate the cumu-

lative average and change in body fat distribution meas-

ures, including waist circumference, hip circumference and

WHR, during adulthood in relation to CRC risk in two

large cohort studies, the Nurses’ Health Study (NHS) and

Health Professionals Follow-up Study (HPFS). In earlier

examinations in the two cohorts, we observed a positive

association of baseline waist circumference and WHR with

risk of colon cancer;5,6 however, those analyses were lim-

ited by the short duration of follow-up (5–6 years), and a

lack of data on rectal cancer and change in body fat

distribution. In the current study, we present results that

encompass both the long-term status and the change in

body fat distribution among men and women over 23 to

24 years of follow-up.

Methods

Study population

Details about the NHS and HPFS have been described else-

where.20,21 In brief, the NHS included 121701 US regis-

tered female nurses who were aged 30–55 years in 1976.

The HPFS included 51 529 US male health professionals

who were aged 40–75 years in 1986. In both cohorts, par-

ticipants completed a detailed questionnaire enquiring

about their medical history and lifestyle factors at baseline,

and every 2 years thereafter. Among participants who were

alive up to 2010, the follow-up rates were 95.4% in the

NHS and 95.9% in the HPFS. This investigation was

approved by the Institutional Review Board at the Brigham

and Women’s Hospital and the Harvard School of Public

Health.

Exposure measurement

In both cohorts, height and weight were self-reported at

baseline. Participants were also asked about their current

weight on biennial questionnaires. In 1987 in the HPFS,

we enclosed a tape measure in an optional questionnaire

and directed participants to measure their waist at the um-

bilicus and their hips at the largest circumference between

their waist and thighs. Participants were instructed to take

measurements while standing and avoid measuring over

bulky clothing. Waist and hip circumference information

Key Messages

• Long-term abdominal adiposity during adulthood, independent of overall obesity, is associated with an increased risk

of colorectal cancer in men but not in women.

• Gain in waist circumference during adulthood may be associated with higher risk of colorectal cancer in men.

• Our findings highlight the importance of maintaining a healthy waist for colorectal cancer prevention.
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was updated using the same procedure in 1996. In the

NHS, women were asked to report their waist and hip cir-

cumferences using a tape measure in 1986, 1996 and 2000.

In both cohorts, circumference measurements were

recorded to the nearest one-quarter inch, and WHRs were

calculated for each set of circumferences. The self-reported

anthropometric assessments have been previously vali-

dated with a high correlation with technicians’ measure-

ments (see Supplementary data, available at IJE online).

Outcome ascertainment

In both cohorts, self-reported diagnoses of CRC were

obtained on biennial questionnaires, and participants who

reported a diagnosis of CRC were asked for permission to

acquire their medical records and pathological reports. We

identified deaths through the National Death Index and

next of kin. For all CRC deaths, we requested permission

from next of kin to review medical records. A study phys-

ician, blinded to anthropometric information, reviewed re-

cords to confirm the CRC diagnosis and to extract relevant

information, including anatomical location.22

Statistical analysis

All the analyses were performed separately in women and

men. To capture the long-term body fat distribution, we

calculated the cumulative averages of waist circumference,

hip circumference and WHR for each participant, using the

repeated assessments. We also calculated the approximately

10-year change of measurements from 1986 to 1996 in the

NHS, and from 1987 to 1996 in the HPFS. In all the ana-

lyses, a 2–3-year lag of follow-up was adopted to minimize

the influence of reverse causation arising from undiagnosed

cancer-induced change in body size. Therefore, for the cu-

mulative average analysis, we calculated person-time of fol-

low-up for each participant from the age at the date when

the 1988 (NHS) or 1990 (HPFS) questionnaire was re-

turned until the age at date of death, CRC diagnosis or end

of follow-up (1 June 2010 for the NHS, 31 January 2010

for the HPFS), whichever came first. Similarly, for the ana-

lysis of change in anthropometric measurements, follow-up

started from the date when the 1998 questionnaires were

returned. For each analysis, we excluded participants who

had missing anthropometric data or had cancer other than

non-melanoma skin cancer at the beginning of follow-up.

Cox proportional hazards regression was used to calculate

hazard ratio (HR) and 95% confidence interval (CI) of

CRC associated with body size measurements. In multivari-

able analysis, we adjusted for several potential confound-

ers. Details regarding covariate assessment are provided in

the Supplementary materials (available as Supplementary

data at IJE online). To examine whether body fat distribu-

tion has any effect on CRC risk independent of overall adi-

posity, we further adjusted for cumulative average BMI in

the multivariable model. We assessed a potential non-linear

relationship using stepwise restricted cubic spline ana-

lysis,23 with a P< 0.05 as the criterion for both inclusion

and retention in the model.

For the cumulative average analysis, we corrected for

measurement error in self-reported anthropometric data

using technician-measured data from the validation study

of the two cohorts.24 We used a risk set regression calibra-

tion method, which recalibrates the measurement error

model for time-varying exposures within each risk set of

the Cox regression model.25

Given previous evidence about effect modification by

menopausal hormone therapy (MHT) on the obesity-CRC

relationship,13,18,26 we also stratified by MHT and tested

for possible interaction using likelihood ratio test. We also

grouped participants according to the combined categories

of BMI and waist circumference, and tested the joint

association and interaction of the two measures with CRC

risk.

Additional details regarding statistical analyses are pro-

vided in the Supplementary materials (available as

Supplementary data at IJE online). We used SAS 9.3 for all

analyses (SAS Institute Inc., Cary, NC, USA). All statistical

tests were two-sided.

Results

Basic characteristics of participants included in

the cumulative average analysis

After excluding those who died or had cancer diagnosis be-

fore follow-up,or had missing waist or hip circumference

data, a total of 112610 participants (71 453 women from

the NHS and 41157 men from the HPFS) were included in

the analysis (see the flowchart in Supplementary Figure 1,

available as Supplementary data at IJE online). Among

these participants, we identified 1884 incident CRC cases

(1125 women; 759 men) over 20–22 years, encompassing

1979428 person-years of follow-up (1283396 in women

and 696032 in men). As shown in Table 1, compared with

participants with a low waist circumference, those with a

high waist circumference were less physically active, had

more lifetime tobacco exposure and were more likely

to have diabetes and to take aspirin or non-steroidal

anti-inflammatory drugs. In contrast, participants with

a low waist circumference were more likely to use multi-

vitamins, undergo endoscopic examination and consume

more folate, calcium, vitamin D and fibre and less red meat.
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Cumulative average of body fat distribution

measures and CRC risk

In women, waist circumference was positively associated

with CRC risk in the multivariable-adjusted model (Table 2).

The measurement error-corrected HR per 10-cm increase of

waist circumference was 1.07 (95% CI, 1.00–1.14, P for

trend¼ 0.04).However, further adjustment for BMI attenu-

ated this association to null (HR¼ 1.00, 95% CI, 0.90–1.11,

P for trend¼ 0.90). A somewhat inverse association was

found between hip circumference and CRC risk after adjust-

ing for BMI. WHR was not associated with CRC incidence.

In men, we found a strong positive association of waist

circumference, hip circumference and WHR with CRC risk

(Table 2). These associations were attenuated after adjust-

ing for BMI and other covariates. The measurement error-

corrected risk ratios (RRs) per 10-cm increase of waist

circumference were1.30 (95% CI, 1.19–1.42, P for

trend< 0.001) and 1.27 (95% CI, 1.12–1.43, P for

trend< 0.001) before and after adjusting for BMI, respect-

ively. We detected a sex difference in the BMI-adjusted as-

sociation between waist circumference and CRC risk

(P< 0.001). We further stratified by age and observed

similar associations among individuals younger than 65

and �65 years in each cohort (P for interaction>0.28,

Supplementary Table 1, available as Supplementary data

at IJE online).

Figure 1 shows the joint association of BMI and waist

circumference with CRC risk. No distinct pattern was de-

tected in women; compared with women with low BMI

and low waist circumference, those with BMI> 27.5kg/m2

had an elevated risk, among whom those in the third tertile

of waist circumference had 1.28-fold increased risk of CRC

(95% CI, 1.06–1.54). In men, increasing waist circumfer-

ence was associated with a higher risk of CRC within each

BMI group, whereas the association between BMI and

CRC risk within each tertile of waist circumference was

less striking. The HR was 1.78 (95% CI, 1.40–2.26) com-

paring men high in BMI and waist circumference with those

low in both measures. P for interaction between BMI and

waist circumference was 0.74 in women and 0.97 in men.

No heterogeneity was detected according to tumour

subsite (Supplementary Tables 2 and 3, available as

Supplementary data at IJE online).

We did not find an interaction between body size meas-

ures and MHT use either, although the positive associations

of waist circumference and WHR with CRC risk were re-

stricted to women who never used MHT (P for trend¼ 0.02

and 0.04, respectively; Supplementary Table 4, available as

Supplementary data at IJE online). We also classified

women jointly according to MHT use and body fat distribu-

tion measures (Supplementary Table 5, available as
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Supplementary data at IJE online). The risk of CRC was

generally low among current users of MHT and did not ap-

preciably change with waist or hip measures, whereas the

highest risk of CRC was found in women who never used

MHT and had the highest waist or hip measurements.

Changes in body fat distribution and CRC risk

During the 10-year period in adulthood, waist circumfer-

ence on average increased 8 cm in women and 3.1 cm in

men; hip circumference increased 1.7 cm in women and

1.5 cm in men. Supplementary Table 6 (available as

Figure 1. Joint association of BMI and waist circumference with risk of colorectal cancer in women (A) and men (B). Participants were first categorized

according to BMI (< 25, 25–27.5, � 27.5 kg/m2) and then within each BMI category they were further grouped by tertiles of waist circumference. The

multivariable Cox proportion hazards regression models were used, as described in the footnote of Table 2, with the individuals low in both BMI and

waist circumference as the reference group.
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Supplementary data at IJE online) shows the baseline char-

acteristics among participants who lost, maintained or

gained waist circumference. Changes in waist circumfer-

ence were positively correlated with changes in hip circum-

ference, WHR and body weight (r ranged from 0.25 to

0.78; Supplementary Table 7, available as Supplementary

data at IJE online).

Table 3 presents the associations with CRC risk for

changes in waist circumference, hip circumference and

WHR. We did not find any association in women. In con-

trast, gain of waist circumference was associated with an

increased CRC risk in men (P for trend¼ 0.03; P for het-

erogeneity by sex¼ 0.15). Compared with men who main-

tained their waist circumference, the RRs of CRC were

1.59 (95% CI, 1.01–2.49) for those who gained waist cir-

cumference� 10 cm, and 0.76 (95% CI, 0.47–1.21) for

those losing waist circumference� 2 cm. As shown in

Figure 2, the relationship between waist circumference

change and CRC risk appeared to be linear. The associ-

ation did not appear to differ by baseline waist circumfer-

ence (P for interaction¼ 0.79 in women and 0.92 in men;

Supplementary Table 8, available as Supplementary data

at IJE online).

To further examine whether the association for change

in body fat distribution is independent of body weight

change, we adjusted for weight change during the same

period in the multivariable model in men. The association

between waist circumference change and CRC did not ap-

preciably change (HR per 10-cm gain: 1.38, 95% CI,

0.99–1.92, P for trend¼0.06).

Discussion

In this prospective study over 23 years of follow-up, we

found that men with high waist circumference and WHR

were at a higher risk of CRC. This finding extends our pre-

vious report which was based on only 5 years of follow-

up.5 In line with findings from other studies,7,8,18,27 we

also found that adjusting for BMI attenuated but did not

eliminate these associations, suggesting an independent ef-

fect on CRC development of abdominal fatness beyond

general obesity. At the same time, higher waist circumfer-

ence was also associated with an increased CRC risk

within each BMI group, even among men with BMI

of < 25kg/m2.

Compared with subcutaneous adipose tissue, visceral

adipose tissue has been more strongly associated with un-

favourable metabolic profiles, including hyperinsulinae-

mia, systemic inflammation, higher leptin level and lower

adiponectin level,28–30 all of which have been suggested as

potential mechanisms that may underlie the association be-

tween obesity and CRC.31 Insulin is an endogenous

mitogen and directly increases the risk of tumorigenesis

through increased cell proliferation and reduced apop-

tosis.32 Hyperinsulinaemia also indirectly increases the bio-

availability of insulin-like growth factor-1, a key promoter

of tumour development.32,33 In addition, adipose tissue se-

cretes many signalling proteins and cytokines known as

adipokines, which have been implicated in insulin resist-

ance and tumour development.34–38

In contrast to men, the findings in women were less pro-

nounced. The positive association of waist circumference

with CRC was attenuated to null after adjusting for BMI.

These results are consistent with the notion that obesity

poses lesser CRC risk in women than in men. Sex hor-

mones might play a role in the observed sex difference in

the strength of the obesity-CRC relationship.39,40

Experimental evidence indicates an anti-cancer effect of es-

trogen through regulation of gene transcription and modu-

lation of cellular processes involved in colorectal

carcinogenesis.41 In postmenopausal women, adipose tis-

sue becomes the primary organ for estrogen production

through aromatization of androstenedione to estrone.42

Therefore, it has been hypothesized that a high level of bio-

available estrogen in obese women might counterbalance

the detrimental effect of obesity on CRC development.33

In women, abdominal obesity has been associated with

CRC risk in some8,11–15,17 but not other18,19,27 studies. In

contrast to our results, in the European Prospective

Investigation Into Cancer and Nutrition (EPIC) study,13 a

positive association was found between WHR and CRC

risk in women even after adjusting for BMI. One possible

reason for the discrepant findings might be related to the

different composition of premenopausal vs postmeno-

pausal women between the two studies. In our study, over

90% of person-years of follow-up in women were postme-

nopausal, whereas this figure was approximately 50% in

the EPIC study. Obesity has been more consistently associ-

ated with CRC risk in premenopausal than postmeno-

pausal women,43,44 possibly due to the lack of protection

from endogenously produced estrogen in adipose tissue be-

fore the menopause. Interestingly, in both the current and

EPIC studies,13 the positive association of waist circumfer-

ence and WHR with CRC in postmenopausal women was

restricted to those who never used MHT. Given the poten-

tial preventive effect of MHT on CRC development,45,46 it

is possible that MHT use mitigates the pro-carcinogenic ef-

fect of adiposity in postmenopausal women.

Substantial changes in body composition occur with

ageing. In particular, lean muscle mass typically peaks in

the third to fourth decade of life and then declines steadily

with advancing age, whereas fat mass, especially abdom-

inal visceral fat, continuously increases with age.47 Such

changes in the distribution of body weight have been

International Journal of Epidemiology, 2016, Vol. 45, No. 3 879
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Figure 2. Ten-year waist circumference change in relation to risk of colorectal cancer in women (A) and men (B). HR was plotted on the logarithmic

scale with a base of 10. Dashed lines represent 95% confidence intervals. Multivariable Cox proportion hazards regression models were used, as

described in the footnote of Table 3. No non-linearity was detected for either of the analyses. The P-values for the linear relationship were 0.34 in

women and 0.03 in men.
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shown to predict the risk of type 2 diabetes,48,49 a high-

risk condition for CRC development.50 However, to our

knowledge, no study has yet assessed the potential risk of

CRC associated with these changes because of the lack of

repeated measurements of waist and hip circumferences

over time. In the current study, we showed that in men ac-

cumulation of abdominal fat during adulthood, as assessed

by increase in waist circumference, was positively related

to CRC risk, whereas loss of waist circumference was asso-

ciated with lower risk. These associations were independ-

ent of changes in body weight. This finding provides

further support for the critical role of abdominal adiposity

in CRC development in men. In contrast, we did not find

any association between change in waist circumference

and CRC risk in women. This may either reflect the insig-

nificant impact of obesity on CRC occurrence in women,

or be due to the lesser redistribution of body fat to the ab-

dominal compartment in elderly women compared with

men.47,51

We did not find an independent association between

change in hip circumference and CRC risk after adjusting

for weight change. Because hip circumference not only

measures lower-body fatness, but also reflects gluteal mus-

cularity and pelvic width, it is possible that adjustment for

weight change explains away the risk of fat accumulation

conferred by increased hip girth, whereas other compo-

nents captured by hip circumference change have a rela-

tively neutral or even favourable metabolic effect. For

WHR change, we did not observe any association with

CRC risk, possibly due to the inherent difficulty in inter-

pretation of this composite measure.

Our study has some limitations. First, anthropometric

measurements were self-reported or recalled and thus sub-

ject to error. However, robust validity has been established

in a previous validation study within the two cohorts,24

and correction for measurement error strengthened the

observed associations. Second, only a subset of participants

provided repeated data on waist and hip circumference,

and thus statistical power was limited for the analysis of

change in body fat distribution. Third, our study partici-

pants were all health professionals and thus the findings

may not be generalizable to the general population.

However, it is unlikely that the observed relationship be-

tween body fat distribution and CRC differs substantially

from the general population.

This study also has several strengths, including the two

large well-established cohorts, long-term follow-up and de-

tailed lifestyle data. Moreover, repeated measurements of

waist and hip circumference provided a unique opportun-

ity to examine the long-term influence of abdominal adi-

posity and the change of body fat distribution during

adulthood on CRC risk.

In conclusion, our results indicate a positive association

between abdominal adiposity and CRC risk. This associ-

ation appears to be stronger and independent of overall

obesity in men compared with women. Our findings also

provide the first population-based evidence that increase in

abdominal fatness during adulthood may be associated

with higher CRC risk in men, thus highlighting the import-

ance of maintaining a healthy waist throughout adulthood

for CRC prevention.
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