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Abstract

The influence of adiposity over life course on cancer risk remains poorly understood. We assessed
trajectories of body shape from age 5 up to 60 using a group-based modeling approach among
73,581 women from the Nurses’ Health Study and 32,632 men from the Health Professionals
Follow-up Study. After a median of approximately 10 years of follow-up, we compared incidence
of total and obesity-related cancers (cancers of the esophagus [adenocarcinoma only], colorectum,
pancreas, breast [after menopause], endometrium, ovaries, prostate [advanced only], kidney, liver
and gallbladder) between these trajectories. We identified 5 distinct trajectories of body shape:
lean-stable, lean-moderate increase, lean-marked increase, medium-stable, and heavy-stable/
increase. Compared with women in the lean-stable trajectory, those in the lean-marked increase
and heavy-stable/increase trajectories had a higher cancer risk in the colorectum, esophagus,
pancreas, kidney, and endometrium (relative risk [RR] ranged from 1.22 to 2.56). Early life
adiposity was inversely while late life adiposity was positively associated with postmenopausal
breast cancer risk. In men, increased body fatness at any life period was associated with a higher
risk of esophageal adenocarcinoma and colorectal cancer (RR ranged from 1.23 to 3.01), and the
heavy-stable/increase trajectory was associated with a higher risk of pancreatic cancer, but lower
risk of advanced prostate cancer. The trajectory-cancer associations were generally stronger for
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non-smokers and women who did not use menopausal hormone therapy. In conclusion, trajectories
of body shape throughout life were related to cancer risk with varied patterns by sex and organ,
indicating a role for lifetime adiposity in carcinogenesis.
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INTRODUCTION

The prevalence of overweight and obesity has increased rapidly over the past few decades,
creating major public health problems. Given that body mass index (BMI) typically
increases with age,! and obesity during childhood is associated with the persistence of
obesity into adulthood,? a life course perspective is crucial to better understand the health
consequences of overweight and obesity, including their influences on cancer risk.

According to systematic reviews by the World Cancer Research Fund (WCRF) and the
American Institute for Cancer Research (AICR), 4 adulthood obesity has been related to an
increased risk of cancers in the esophagus (adenocarcinoma), colorectum, pancreas, breast
(after menopause), endometrium, kidney, and liver with convincing evidence; and cancers in
the ovaries, prostate (advanced only), and gallbladder with probable evidence. Some of the
potential mechanisms through which obesity affects cancer development include
hyperinsulinemia, excess activation of the insulin-like growth factor (IGF) axis, dysregulated
production of sex hormones and adipokines, and chronic low-grade inflammation.® Other
more organ-specific mechanisms linking obesity to cancer have also been proposed, such as
gastroesophageal reflux for esophageal adenocarcinoma, non-alcoholic fatty liver disease for
liver cancer, and increased glomerular filtration rate and renal plasma flow for kidney
cancer. Despite these compelling data, however, little is known about the relationship
between body fatness across the lifespan and cancer risk.

Given the long induction period of carcinogenesis, it is plausible that the effects of adiposity
on cancer risk may differ over the life course. Although some evidence suggests that obesity
in childhood or young adulthood is associated with lower risk of breast®-10 and advanced
prostate cancer,11-13 and higher risk of colorectal’4-16 and endometrial cancer,17-20 the
findings remain inconclusive?-25 and there are little data for other, less common cancers.
More importantly, these studies assessed body fatness at select time points individually,
making it challenging to separate and interpret the effect of early adiposity from later weight
gain due to high correlation.

Therefore, in this study, we employed a novel life course approach to characterize distinct
trajectories of body shape across the lifespan. By comparing cancer incidence across these
trajectories, our study provides the first prospective data about the relationship between
lifetime body shape, as a surrogate of adiposity, and risk of overall and obesity-related
cancers.
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Study population

Assessment

Trajectory m

We included data from two, large ongoing U.S. cohort studies: the Nurses’ Health Study
(NHS) and Health Professionals Follow-up Study (HPFS). Details about the two studies
have been described elsewhere.26: 27 Briefly, the NHS enrolled 121,701 registered female
nurses aged 30-55 years in 1976, and the HPFS enrolled 51,529 male health professionals
aged 40-75 years in 1986. Follow-up questionnaires were administered at baseline
enrollment and every two years thereafter to collect updated lifestyle and medical
information. The follow-up rates of the two cohorts had been 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 T.H. Chan School of Public Health.

of body shape

In 1988, participants in both cohorts were asked to recall their body shape in early and
middle life by choosing one of 9 pictorial body diagrams (somatotypes) developed by
Stunkard et al8 that best depicted their body outline at ages 5, 10, 20, 30, and 40. The
validity of this measure as a surrogate for adiposity in early life has been assessed among
181 participants aged 71 to 76 years in the Third Harvard Growth Study.2® We compared
participants’ recalled body shape (somatotypes) with their measured BMI at approximately
the same ages. The Pearson correlation coefficients were 0.60 for age 5, 0.65 for age 10, and
0.66 for age 20 in women. The corresponding Pearson correlation coefficients in men were
0.36, 0.66, and 0.53, respectively.2?

In both cohorts, body height and weight were queried at baseline enrollment and updated
weight was collected via biennial follow-up questionnaires. We used these data to calculate
BMI at age 50 and 60 and then converted BMI to the same scale as somatotypes in younger
ages. To minimize random variation, we assessed the average BMI from age 47 to 53 as the
BMI for age 50, and average BMI from age 57 to 63 as the BMI for age 60. We then divided
BMI at these two ages into 9 categories, consistent with the grouping of somatotypes
(ranging from 1 to 9) at younger ages. The cutoff points for each category were calculated as
the mean BMI of this category at age 40 plus a constant to account for weight gain from age
40 to 50 or 60. For example, in women the mean BMIs at age 40 for the 4t and 5t category
of somatotypes were 23.3 and 26.1 kg/m?, respectively, and the mean increment of BMI
from age 40 to 50 was 1.5 kg/m?2. Therefore, the lower cutoff of BMI for the 5t category of
somatotypes at age 50 would be 23.3+1.5=24.8 kg/m? and the upper cutoff would be
26.1+1.5=27.6 kg/mZ2. Similar categorizations were conducted for the other categories as
well as in men. The BMI cutoffs used to derive somatotype categories at age 50 and 60 in
the two cohorts were summarized in Supplementary Table 1.

odeling

We used a group-based trajectory modeling approach implemented by SAS Proc Traj to
identify subgroups within each cohort that shared a similar underlying trajectory of body
shape from age 5 up to 60 among 84,792 women from the NHS and 37,706 men from the
HPFS who provided somatotype data for at least 4 different ages. This method represents an
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application of finite mixture modeling and is designed to identify relatively homogeneous
clusters of developmental trajectories within the population. It fits longitudinal data as a
discrete mixture of two or more latent trajectories via maximum likelihood using SAS Proc
Traj.30 In this study, we used a censored normal model as a polynomial function of the time
scale (i.e., age). The optimal number of groups and the shapes of trajectories were selected
for best fit to the data using a two-stage approach, as assessed by change in the Bayesian
Information Criterion (BIC).3! The first stage was to determine the number of groups using
a quadratic form for all trajectory groups. Given the data we had, we considered up to 5
groups and compared the BIC to that with 4, 3, 2, and 1 groups, respectively. Once we had
identified that the model with 5 groups fit best, we then determined in the second stage the
order of the polynomial function specifying the shape of each trajectory. We compared the
BIC of the 5-group models with different functional forms and found that the model with all
groups with up to cubic order terms demonstrated the best fit to the data. Therefore,
estimation of body shape trajectory throughout life was carried out in the final model using a
cubic function of age for each of the 5 trajectories. We then named the trajectory groups to
describe their visual patterns (i.e., lean-stable, lean-moderate increase, lean-marked increase,
medium-stable, and heavy-stable/increase).

From the final model, we calculated the posterior predicted probability for each individual of
being a member of each of the 5 trajectories. Participants were assigned into the trajectory
group to which their posterior membership probability was largest. We then assessed the
adequacy of our final model by calculating the average posterior probability of assignment
for each group. Using =0.70 as the recommended criteria,3! our model demonstrated good
discrimination in classifying individuals into distinctive trajectory groups: the average
posterior probability for each trajectory group was 0.92, 0.86, 0.90, 0.95, and 0.92 in
women; and 0.85, 0.92, 0.88, 0.84, and 0.90 in men, respectively. We also calculated the
odds of correct classification (OCC), which is the ratio of the odds of correct classification
on the basis of the maximum probability classification rule to the odds of correct
classification based on random assignment. The OCC for each trajectory group was 100.4,
43.1, 21.4, 23.2, and 66.4 in women; and 28.0, 51.3, 12.5, 29.0, and 55.7 in men,
respectively. Using OCC>5.0 for all groups as the recommended criteria, our model
demonstrated high assignment accuracy.3!

Covariate assessment

In both the NHS and HPFS, we inquired about potential risk factors for cancer in the
baseline and biennial follow-up questionnaires, including family history of cancer, smoking,
colonoscopy or sigmoidoscopy examination, physical activity, multivitamin use, and use of
aspirin and other non-steroidal anti-inflammatory drugs (NSAIDs). Physical activity was
calculated by summing the products of time spent on a variety of recreational or leisure-time
activities with the average metabolic equivalent (MET) for that activity, except that in 1980
in the NHS a simple questionnaire was used to inquire regular physical activity without
collecting detailed information on specific activities and durations. In women, we
additionally assessed physical and mammographic examination, menopausal status, and use
of menopausal hormone therapy (MHT) in the questionnaires. Prostate-specific antigen test
was queried biennially in men.
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Participants were asked about their most recent dietary intake using validated food frequency
questionnaires (FFQ) in 1980, 1984, 1986 and every 4 years thereafter in the NHS, and in
1986 and every 4 years thereafter in the HPFS. Alcohol consumption was assessed from the
FFQs. We also calculated a summary dietary score, the Alternate Healthy Eating Index
(AHEI), to represent the overall dietary pattern based on individual food intake. AHEI is
designed to target food choices and macronutrient sources associated with reduced chronic
disease risk. Adherence to AHEI has been associated with a lower risk of major chronic
diseases in the two cohorts.32

Outcome ascertainment

Association

In both cohorts, self-reported diagnoses of cancer were obtained on biennial questionnaires,
and participants who reported a cancer diagnosis were asked for permission to acquire their
medical records and pathologic reports. We identified deaths through the National Death
Index and next-of-kin_ENREF_28. A study physician, blinded to exposure information,
reviewed medical records to confirm cancer diagnosis and to extract relevant information,
such as histology, grade, and sublocation.33 The outcomes of interest in this study include
total cancer and specific cancers that have been related to obesity with probable or
convincing evidence in the most recent WCRF/AICR reviews, including cancers of the
esophagus (adenocarcinoma only), colorectum, pancreas, Kidney, breast (after menopause),
endometrium, ovaries, prostate (advanced only), liver, and gallbladder. Because of the small
number of cases, liver and gallbladder cancers were not examined individually but included
in the obesity-related cancer analysis. Because only advanced prostate cancer was related to
obesity in the WCRF/AICR review,* we only included advanced prostate cancer cases
(defined as those that had spread outside the prostate [stage T3b/T4, N1, or M1] or lethal
tumors) in our total cancer and prostate cancer analysis.

analysis

We used SAS 9.3 for all analyses (SAS Institute Inc., Cary, NC, USA). All statistical tests
were two sided and £ < 0.05 was considered statistically significant.

Among participants with a trajectory assignment, we excluded those who died or had a
history of cancer diagnosis before age 60. After exclusion, 73,581 women and 32,632 men
followed for cancer incidence from age 60 onwards were included in the analysis. To
minimize the influence of reverse causation arising from undiagnosed cancer-induced
weight loss, we allowed for a 2-year lag period and thus follow-up time was calculated from
age 62 to the age of cancer diagnosis, death, or the end of the study period (June 1, 2010 for
the NHS and January 31, 2010 for the HPFS), whichever came first. Cox proportional
hazards model with age as the time scale was used to estimate the hazard ratios (as estimates
of relative risk [RR]) and 95% confidence intervals (Cls) for cancer incidence in relation to
trajectories. We adjusted for several risk factors for cancer in the multivariable models to
control for confounding (see the footnotes of Table 1). Current BMI was not adjusted. We
assessed the proportional hazards assumption by including the product term between age
and each covariate (including trajectory groups) to the multivariable model, and then tested
the statistical significance of the product term via a likelihood ratio test. No deviation from
proportional hazards assumption was detected at a=0.05 level.
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To examine the influence of early life adiposity on cancer risk, we compared cancer
incidence between the two extreme trajectories whose body shape measurements were
similar at age 60 years but substantially different at early ages (i.e., the heavy-stable/increase
and lean-marked increase groups). We further adjusted for the average body shape levels
between age 40 and 60 years to minimize any difference in late life body shape between the
two groups. Similarly, to assess the effect for late life body shape, we compared cancer
incidence between the lean-marked increase to the lean-stable groups with further
adjustment for the average body shape levels from age 5 to 20 years.

Because smoking is a risk factor for many cancers and also decreases adiposity, we assessed
whether the adiposity-cancer relationship was stronger among non-smokers than smokers in
a stratified analysis and assessed the statistical significance of any interaction via a
likelihood ratio test, by comparing the model with the product terms between smoking and
trajectories to the model without these terms. Given the prior evidence that obesity is
differentially associated with cancer risk according to use of MHT, likely because estrogen
is an important risk factor for some female-related cancers, we also performed stratified and
interaction analyses by MHT use in women.

We identified 5 distinct trajectories of body shape from age 5 up to 60 (Figure 1): 16% of
women and men maintained a lean body shape across the lifespan (lean-stable group); 22%
of women and 18% of men started lean and then experienced a moderate increase in body
shape (lean-moderate increase group); 21% of women and 38% of men started lean and then
gained a substantial amount of weight (lean-marked increase group); 27% of women and
15% of men maintained a medium body shape throughout life (medium-stable group); and
14% of women and 13% of men started heavy and then maintained or gained weight (heavy-
stable/increase group). In general, BMI in each trajectory well tracked from adolescence to
late adulthood (Table 1). Participants in the 5 trajectories also demonstrated distinctive
patterns in lifestyle factors: those in the lean-stable and medium-stable groups were more
likely to exercise, use multivitamins, and follow the Alternate Healthy Eating Index than
those in other groups.

Table 2 presents the RRs of cancer in the other trajectory groups compared to the lean-stable
group. In women, those in the lean-moderate increase, lean-marked increase, and heavy-
stable/increase groups had a higher risk of total and obesity-related cancer, with RRs ranging
from 1.06 to 1.39. By cancer site, women in the lean-marked increase and heavy-stable/
increase groups had a higher risk of cancer in the colorectum, esophagus (adenocarcinoma
only), pancreas, kidney, and endometrium (RR ranged from 1.22 to 2.56), although the
association was not statistically significant for pancreatic cancer and esophageal
adenocarcinoma. For postmenopausal breast cancer, an elevated risk was seen in women in
the lean-moderate (RR=1.30, 95% ClI, 1.17-1.45) and lean-marked increase (RR=1.41, 95%
Cl, 1.26-1.58) groups. We did not find any association for ovarian cancer.

In men, compared with the lean-stable group, the other 4 groups were all at an elevated risk
of total and obesity-related cancer as well as colorectal cancer. A higher risk of esophageal
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adenocarcinoma (RR=3.01, 95% ClI, 1.04-9.13) and pancreatic cancer (RR=1.50, 95% ClI,
0.92-2.46) was observed among men in the heavy-stable/increase group. In contrast, the
heavy-stable/increase group had a lower risk of advanced prostate cancer (RR=0.67, 95%
Cl, 0.47-0.95). We did not find any association for kidney cancer.

In the sensitivity analysis, we excluded participants whose trajectory assignment probability
was below 0.80, and the results remained essentially unchanged (Supplementary Table 2),
indicating that our findings are robust to modest trajectory misclassification.

To further investigate the timing effect of body shape on cancer risk, we compared the
extreme trajectories whose body shape was similar at one end of life but substantially
differed at the other end. As shown in Figure 2A, women with a heavier body shape in early
life had a lower risk of total and obesity-related cancer than those with a leaner body shape,
and this lowered risk appeared to be largely due to postmenopausal breast cancer, for which
the RR was 0.80 (95% CI, 0.70-0.92). In contrast, compared to women with a leaner body
shape, those with a heavier body shape in late life had a higher risk of total and obesity-
related cancer, especially esophageal adenocarcinoma and cancers of the kidney,
endometrium, breast, pancreas and colorectum, with a RR ranging from 1.25 to 3.80.

In men (Figure 2B), those with a heavier body shape in early life were at a lower risk of
developing advanced prostate cancer than their counterparts with a leaner body shape
(RR=0.64, 95% ClI, 0.45-0.92); whereas those with a heavier body shape in late life were at
a statistically insignificantly higher risk of developing cancer, especially esophageal
adenocarcinoma, pancreatic cancer and colorectal cancer.

Because smoking is a risk factor for many cancers and smokers generally have a lower BMI,
we then conducted a stratified analysis by smoking history (Table 3). Trajectories were more
strongly associated with cancer risk among never smokers than among ever smokers, with a
statistically significant interaction for total cancer in women and for pancreatic cancer in
men (Pfor interaction=0.005 and 0.03, respectively). However, unsurprisingly, the absolute
incidence rates of cancers were still much higher among ever smokers than among never
smokers (Supplementary Table 3).

Finally, we examined the trajectory-cancer association in women according to MHT use
(Table 4). The increased risk associated with trajectories of the lean-moderate increase, lean-
marked increase and heavy-stable/increase was more pronounced among never users of
MHT than among ever users for all cancers under study except ovarian cancer, and the
interaction P-value was <0.001 for total, obesity-related cancer and endometrial cancer.
Interestingly, for ovarian cancer, we found a lower risk in the medium-stable group among
never, but not among ever users of MHT (Pfor interaction=0.008). The absolute incidence
rates of cancers among ever and never users of MHT were presented in Supplementary Table
4.

DISCUSSION

In the two large cohort studies, we identified 5 distinct subgroups of participants with similar
body shape evolution over life course. By comparing cancer risk between these subgroups,
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we found that, compared to participants who were lean throughout life, those with increased
body shape at any life period had an overall higher risk of developing cancer. We found
distinct trajectory-cancer association patterns depending on sex and the organ where cancer
arose. Our findings extend our understanding of obesity-cancer associations and support a
role for adiposity across the lifespan in carcinogenesis.

Building upon the substantial data on adult adiposity and cancer, some studies have related
adiposity in early life to subsequent cancer risk. The most compelling evidence is on breast
cancer which demonstrates a dual relationship with adiposity: while recent obesity and
weight gain in adulthood have been associated with an increased risk of postmenopausal
breast cancer,* high body fatness in childhood and adolescence has been related to lower
risk.5-9 This is consistent with our result that women in the lean-moderate increase and lean-
marked increase trajectories had the highest risk. While high levels of adipose tissue-derived
estrogen after menopause has been suggested as the predominant mechanism for explaining
the increased risk of breast cancer associated with adult obesity,* the mechanism for
potential protective effect of early life adiposity remains uncertain. Some evidence suggests
that increased estrogen in overweight children may induce early differentiation of mammary
glands and eliminate some targets for malignant transformation.34 Further mechanistic
investigations are needed to better understand the mechanisms underlying the association
between adiposity and breast cancer.

Early life adiposity has been related to an increased for risk of endometrial cancer.17: 18. 23
However, in most studies, this positive association disappeared after concurrently adjusting
for current BMI, suggesting greater importance of current fatness.3® This agrees with our
result that women with a significant increase in body shape after early adulthood had a
higher risk, regardless of their body shape in childhood or adolescence.

For colorectal cancer, a stronger and more consistent positive association with obesity,
including that in adolescence and early adulthood,* has been reported in men than in
women, possibly as a result of obesity-related changes in sex hormone levels.36 37 In this
study, we found that in women only the lean-marked increase and heavy-stable/increase
trajectories were at higher risk of colorectal cancer, while in men, those who had a heavy
body shape in any life period had a higher risk (although some of the relative risk estimates
were not statistically significant), indicating that early-life obesity may have a predominant
effect on colorectal cancer in women whereas late-life obesity may be more important in
men.16 Of note, in contrast to studies that reported a stronger association between late
adulthood BMI and colorectal cancer risk in men than in women, other studies using
abdominal fatness measures, such as waist circumference and waist-to-hip ratio, have found
a similar positive association with colorectal cancer risk between men and women.38 In
consideration of the limited ability of BMI in capturing the variation of body fat distribution,
these data suggest that differences in body fat distribution between men and women may at
least partly explain the observed sex difference in the obesity-colorectal cancer relationship.

Obesity has also been associated with an increased risk of esophageal adenocarcinoma,3?
and kidney*C and pancreatic cancer.* However, the timing effect of adiposity has yet to be
determined for these cancers. In this study, we found a substantially increased risk of
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esophageal adenocarcinoma in relation to late life increase of body shape, but little evidence
for early life exposure. For kidney cancer, some studies,#%: 42 but not all,? have found a
stronger positive association with obesity in women than in men. Consistently, in the current
study the trajectory-kidney cancer association was restricted to women that appeared to be
driven by late life body shape. For pancreatic cancer, we found a suggestive positive, albeit
statistically non-significant, association with a marked increase in body shape after early
adulthood in both men and women, suggesting a more proximate effect of weight gain on
promotion of pancreatic carcinogenesis.

For prostate cancer, although obesity at diagnosis has been recognized as a probable cause,?
the findings to date are still conflicting. In addition, obesity earlier in life (age 10-30) has
been inversely associated with risk in several studies,11: 43 especially for advanced and lethal
prostate cancer, possibly due to delayed puberty and prostate maturation. In this study, men
who were lean in early life and experienced moderate increase in body shape appeared to
have a higher risk of advanced prostate cancer, while men who were heavy throughout life
experienced a lower risk. When the timing of adiposity was examined using body shape as
the surrogate, early life adiposity was associated with a lower risk of advanced prostate
cancer, while no association was found for late life adiposity. Thus, our results indicate a
predominant benefit of early life body fatness over a potential adverse effect of adiposity in
later life.

In agreement with the notion that smoking may dampen the obesity-cancer association,3? we
found that trajectories were more strongly associated with cancer among never smokers.
MHT use in women has also been suggested to modify cancer risk associated with obesity.
In the current study, we observed a stronger association of body shape trajectories with the
risk of total and obesity-related cancer, especially endometrial cancer, among never users of
MHT, compared to ever users. This is consistent with previous evidence that MHT use
attenuates the obesity-endometrial cancer association,** likely due to the central role of
unopposed estrogen therapy in endometrial carcinogenesis that overwhelms the effect of
adipose tissue-derived estrogen.

Our study has several strengths. First, we applied an innovative statistical method to examine
patterns of body shape across the lifespan in two large, well-established cohort studies with
long-term follow-up, representing a substantial advantage over previous studies that
examined body fatness at select ages. This method has only recently been employed in
chronic disease epidemiology. For example, a trajectory assessment of blood pressure across
adulthood was found to provide additional information about the future risk for
cardiovascular disease.*> Second, we collected detailed data on a range of lifestyle and
health-related factors that allowed us to control for confounding and to examine the potential
modification by smoking and MHT use.

Some limitations of the study need to be noted. First, we grouped participants into data-
derived trajectories that may not accurately reflect each individual’s profile of body shape.
However, the good performance of our trajectory-building model and well-tracked change in
BMI across trajectories indicate that the trajectories we identified can summarize the
distinctive features of lifetime body shape in a parsimonious fashion without a significant
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loss of information. Second, the recalled body shape and self-reported BMI data were
subject to measurement error. However, given the prospective study design, any error would
likely have attenuated the observed associations. Third, some of the relative risk estimates
were not statistically significant. This may be partly due to several limitations of our study,
including the relatively small case numbers in some trajectory groups, the limited difference
in body shape between certain trajectories, the presence of other unidentified, less prevalent
trajectories (as discussed above), and potential misclassification in trajectory assignment.
However, our sensitivity analysis results indicated the robustness of our findings to modest
trajectory misclassification. Lastly, although the homogeneity of our study population is a
potential limitation, it minimizes the likelihood of uncontrolled confounding. Given that our
previously observed associations between overall adiposity and cancer risk have been largely
validated in other population, it is unlikely that the relationship between body shape and
cancer risk observed here differs substantially from that occurring in the general population.
Nevertheless, our findings should be confirmed in other populations.

In conclusion, we identified 5 heterogeneous trajectories of body shape over life course and
found distinct patterns of cancer incidence across these trajectories. While early life body
shape was inversely associated with the risk of postmenopausal breast cancer and advanced
prostate cancer, late life body shape was positively associated with the risk of esophageal
adenocarcinoma and cancers of the breast, endometrium, colorectum, pancreas, and kidney
(in women only), highlighting the role of weight gain during adulthood in increasing cancer
risk. Our results extend the knowledge that obesity is related to cancer risk and suggest an
influence of adiposity across the lifespan on carcinogenesis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Brief description of novelty and impact

Adult obesity has been related to higher risk of several cancers, but the influence of body
fatness across the lifespan remains poorly understood. This work represents the first
effort to systematically assess the association of lifetime body shape with cancer risk
using a novel life course approach. Our findings provide the evidence for a role of
lifetime adiposity in carcinogenesis and indicate the importance of body weight
management throughout life for cancer prevention.
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Figure 1.

Trajectories of body shape by age in women (A) and men (B)
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Figure 2 (B)
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Figure 2. Relativerisk and 95% confidenceinterval of cancer according to early-life (A) and
late-life (@) body shapein women (A) and men (B)

For early life body shape, we compared the risk in the heavy-stable/increase to the lean-
marked increase groups in the multivariable model (see footnote of Table 1), with further
adjustment for average body shape from age 40 to 60. Similarly, for late life body shape, we
compared the risk in the lean-marked increase to the lean-stable groups with further
adjustment for average body shape from age 5 to 20.

*For total cancer in men, we excluded non-advanced prostate cancer.

Int J Cancer. Author manuscript; available in PMC 2017 May 15.



Page 18

Song et al.

2% '180ued Jo Aoisiy AjiweS

9€ L€ 9€ L€ L€

STy oep 9op vTb 8y g Yepul Bune3 AyieaH aneuIs) v

vLT ZvT 8l 0¥l 0zt g Bupiows Jo sreak-syoed

80T 81T 811 LT ran g P/B "uonduinsuoa j04ooly

76z oTe 09z &9z vz g lBeMysINOY-S1IN ‘A1Anoe [ea1sAud

0'0L T°0L T0L €0L zoL your ‘wbieH

T°0€ g1 Lz 81 92 2w/ ‘09 8be 18 NG

§'6¢ zve 692 IR €2 2w/Bx ‘0g 3B 18 NG

€8z L€T LSz v'ee 0z 2Ww/B> ‘0 8be Je INg

0'6e € € 70T 50T 2w/B> ‘Tz abe je INg

(€T) 626'v (sT) geL's (8¢) Gez'vT (81) 188'9 (91) 9v6'S (%) syuedioned jo "oN
U N

s S 15 A 95 % ‘95N UIWENARINA

85 65 65 09 85 2% '180ued Jo Aloisiy AjiweS

Iep Gop eep gey ey g Xepul Bune3 AyyesH aneuIs) v

L'vT 0'sT ¥4 TET SvT g Bupiouss Jo sieak-yoed

ey ) . 19 9, q p/B ‘uondwnsuod |oyod|y

el 781 9€T ot yog g fPeMSINOU-SLIIN ANAIOE [edIshyd

G179 G179 €19 §19 L'v9 yout wbieH

0'€e € L'0g €'6e 50T 2w/B> ‘09 abe je INg

L'TE €€ 8'82 8'€z €0z 2w/ ‘0g 8be 18 NG

€62 1X44 092 02 86T 2w/Bx ‘op 8B & NG

0’6z ST 871C L'6T 967 2w/B> ‘g1 8be Je INg

(1) 669'TT (L2) 882'eC (12) L12'8T (c2) sov'sT  (91) €8T'ET (%) siuedioned Jo "oN
USWIOAA
aseaoulp|geIs-ANedH  B|geIS-WNIPS |\ 8Sesoul payJjew-uea  asealoulalelopow-ues  9|geis-ues] a|qelfen

2(ApmS dn-mojj04 S[euoIssajoid

YiresH) usw pue (Apnis yijesH .sasinN) uawom ul adeys Apoq Jo salio1aalen 01 Buipioaae o9 abe Je sjuedionted Apnis JO SI1ISLIBIdRIRYD JISeg

Author Manuscript

T alqeL

Author Manuscript

Author Manuscript

Author Manuscript

Int J Cancer. Author manuscript; available in PMC 2017 May 15.



Page 19

Song et al.

‘(ewouejaWw

10 ‘aye1so.d 10 (Jaoued [eIIAIBD 10 Sploaqly Buipn|oxa) snusin ‘Areno ‘sealoued ‘1sealq ‘WiNjdas ‘uojod ayl Ul s1adued Buipnjout) sbuljqis Jo syuated [eaibojolq Buowe sisoubelp Jadued Jo Alolsiy se uwc_tn_u

's1eak 09 J0 abe 0) dn Buljaseq WY SIUBWIBINSEaW abelane o>zm._:E_._UQ

'S3|qeleA SNONUIIUOI 104 pajuasald si uesiy “(Apms dn-moj|o4 S[eu0ISSa0.d UieaH 8yl 104 986T pue ApnIS YieaH ,SasINN 8y J04 9/6T) auljaseq e abe Aq pazipiepuels ase sajqeLien v,

"ysel J0 JuajeAInba d1joqeIsw ‘| I Xapul ssew Apog ‘[INg SUOIBIASIGaY

Ly 18 8y 8y 18 % ‘asn uIWeNARINA

asea oulp|gels-ANedH  9|geIS-WINIPS |\  8SES.JoUl POy few-Ues  8Ses.ioulaje epow-ues  a|gels-ues a|qelen

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Int J Cancer. Author manuscript; available in PMC 2017 May 15.



Page 20

Song et al.

99€

(Tze-STT) 26T
8C
9

(2T'Z-16°0) 6E'T
€€
A7

(02'2-€9°0) 6T
90
8

WLT-€TT) OV'T
6'1T
85T

(Tr'1-LTT) 82T

€9
108

(€T T-L0T)ST'T

188

(69'T-G9°0) SO'T
ST
1%

(€9'T-18°0)ST'T
8T
88

(16€-0€0) ¥0'T
20
L

(2z1-58°0) 20T
26
662
(ZT'1-56°0) €0°T
§'zs

8297

(0T'T-86°0) ¥0'T

191

(€0°€-6TT) 68T
LT
1S

(86'T-€6°0) 9€'T
4
69

(€0'8-28°0) 952
90
€T

(6v'1-00T) 22T
0T
€€z
(0S'T-L2T) 6E'T
9'29

vEY'T

(y2'1-60'T) 9T'T

868

(¥0'2-82°0) 92'T
8T
)%

(69'T-28°0) 8T'T
6C
9.

(€9'¢-62°0) 20°T
z0
9

(LT'T-08°0) 260
76
0S¢
(0£'1T-80°T) LT'T
765

0€S'T

(ETT-00T) 90T

9€g (¥SF'€=N) $3589 4O "ON
Jaoued 1sea.q [esnedouswisod
(s0uaiagel) T (1D %S6) ¥y

v Qm«m‘_ 90UapIdu|

12 (2Tz=N) sased Jo "ON
J0ueD Aaup iy
(s0usiayal) T (10 %S6) Uy

9z @l 8auapIou|

67 (728=N) s8se9 40 ‘ON
180UeD D1ER DUed
(2aussepe)) T (12 %G6) U

zZ0 Qwu@_ 9duapIdu|

14 (8€=N) s8se2 J0 "ON
ewou.redouspe [eafeydosg
(9ousuayel) T (12 %G6) ¥

I'6 Qwumh 9duapIdu|

16T (TET'T=N) $8s89 40 ‘'ON
Joued [e1391010D

(sousiagel) T (10 %S6) ¥

0es gdtel BduapIou|
T00'T (00%'9=N) sase2 Jo ‘ON
5J490Ue0 parepJ-A115800

(s0uatagal) T (10 %56) ¥y

1207 5'e6 1907 €16 288 gl 30UBpIou|
LT'T GIT'E GYE'Z 2€9'C €68'T (z9v'TT=N) sase2 Jo "ON
JBoued [e10|
USWIOAN
asea oulp|gqels-ANesH  B|qeIs-WNIPS |\ 8Sealoul poyJew-uea]  aseaJoulaleepow-ues]  9|geis-ues

2(ApMS dn-moj|04 S[euoIssajold YijeaH) usw pue (Apnis yijeaH .sasinN) uawom ul adeys Apoq Jo sali012ales 0] Buipiodde 1aoued JO XSi aAIR|aY

Author Manuscript

Author Manuscript

¢ 9lqeL

Author Manuscript

Author Manuscript

Int J Cancer. Author manuscript; available in PMC 2017 May 15.



Page 21

Song et al.

0€

(eT6-70'T) TOE
4
o1

(S0Z-S0°T) L¥'T
0T
59

(2r'1-16°0) LT'T
0'se
€8T

(9e'1-60'T) 22°T
€€l
255

123

(¥8'v-870) €G°T
0T

(221-26°0) 92'T
61T
g8

(€' 1-96'0) €T'T
0°L€
PASTA

(ST'T-v6'0) 70°T
S0TT
90.

¥6

(87'5-08'0) 60°C
A
T4

(09°'1-96°0) €2°T
A
ez

(92'1-56'0) 60°T
v'.E
689

(9T'1-86°0) L0'T
6'STT
688'T

6€

(v€'5-29'0) 06'T
€T
€1

(08'T-€0'T) 9€'T
T
T

(Le'T-00T) LT'T
vy
7

(9T'1-96'0) 90°'T
G'8TT
8/0'T

123

(soualayal) T
L0
]

(soualayal) T
1ot
6L

(soualayal) T
8'ee
192

(soualayal) T

¥'80T
1372

(T€Z=N) sasea Jo "ON
J2oue) Ji1esoued
(10 %S6) ¥y

Qmum\_ 9JuspIdu|

(09=N) sased Jo 'oN

eWoU D redouspe [eabeydos3

(10 %S6) ¥y

®Yel 8ouspioy|

(z6G=N) sosed 40 'ON
Jooued [e129.10|0D

(10 %S6) ¥

Qm,,.E 3dusplou|

(2€8'T=N) sases 0 ‘0N
g490Ue0 pere R I-A1Is8q0

(10 %S6) ¥

g®¥el 8ouspiou|

(926'7=N) s8se2 40 'ON
bbocmo felol

WN

(6T°1-65°0) ¥8°0
Y
ZS

(eL'2-65T) 80°C
S01
get

(82'1-L60) TT'T

v'6e

(ST'1-29'0) 88°0
ee
0T

(2z1-€2°0) ¥6°0
L'y
T

(LT'T-¥6°0) SO'T

L'6¢

(52'1-02°0) €60
vy
6

(e02-12T) 18T
g
19T

(85'T-92T) T¥'T

TLE

(9T°1-99°0) 88°0
Ty
10T

(62'1-GL°0) 66°0
e8'y
1A

(SF'T-LTT) 0ET

6'SE

(s0uassyal) T
8
6

(s0uasayal) T
0's
S6

(soualayal) T

0'6¢

(10 %G6) ¥y
Qmww‘_ RV o] le]V]]

(92¥=N) sosed Jo 'ON
Ja0ued uelren)

(10 %S6) ¥d

Qmum\_ 9JuspIou|

(#99=N) 359 40 "ON
Jooued felsewopus

(10 %S6) ¥y

ngm‘_ Q2uspIou|

asea Joulp|gers-Anes H

Q|gels-wnipa |\ 8Sealoul paXJewl-uea  3Ses.oulale opoul-uea

a|gers-ues

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Int J Cancer. Author manuscript; available in PMC 2017 May 15.



Page 22

Song et al.

'siowiny [eyia] o (TIN 10 ‘TN ‘v1/qgL abels) areisoid ayy apisino pealds pey ey sased se paulap Jaoued ayeisold umocm%«v

“1appe|qied pue ‘Janll ‘(Ajuo Jaoues paoueape) arelsold ‘Asupiy ‘sealoued ‘(Ajuo ewourosedouspe) snbeydoss ‘Wn}daI0]0d 8y} O SIadued mc_us_oc_m

*Jaoued 1eIso.d pasueApe-uou wz__n:_uxm_\V

“1appe|qieb pue ‘JaAl] ‘salreno ‘winiiawopus ‘(asnedouawisod) i1sealq ‘Aaupiy ‘seasoued ‘(Ajuo ewouldredouspe) snbeydoss ‘Wnjaai10]0d 8yl JO SI8JURD mc_cs_oc_u
'sreak-uosiad 000‘00T Jod a1kl muc%_o:_Q

*(sapnuinb ur) a109s Alealp |3HY pue ‘(p/6 0E=Z 10 ‘0E>—GT ‘ST>—0T ‘0T>—G ‘G>—0 :usw ‘p/B 82 10 ‘8>—¢ ‘2>—G'0 ‘G'0>—0 :uswom) uondwnsuod

Joyoaje ‘(sajnuinb ur) Ananae jeaisAyd ‘(ou Jo ‘asn juaiind ‘asn ised :Ajuo uswom) Adesayy suowuoy [esnedousw ‘(ou Jo saA :Ajuo usw) 1se) uabiue diy19ads-a1eisold ‘(1aoued 1Se8Iq pUER 189UED [BI0} IO} ‘OU
10 ‘swoldwAs 1oy pue sak ‘Buluaaids 1oy pue sak :Ajuo uswom) AydesBowwrew ‘(ou Jo ‘swoidwAs 104 pue saA ‘Buiuaalds 104 pue sah) wexs [eaisAyd Jo Aloisiy ‘(ou 1o sak) asn gySN/uLidse Jeinbal ‘(ou 1o
$aA) asn ulWeNAR|NW ‘(J192URd [£10310]09 PUR Jadued |10} JO SISA[eur 10} ‘ou J0 $ak) Adoasopua Jeunsaiuionsed Jamoj Jo Aloisiy ‘(ou 1o sak) Jaoued Jo Alolsiy Ajiwes ‘(Gi< 10 ‘GyS-92 ‘GZ5-S ‘G>-T ‘0 :usw
'02< 10 ‘0259 ‘9>—T ‘0 :uswom) Bupjows Jo sreak-yoed ‘(snym 1o ayym-uou) ades ‘(snonunuod) ybiay 4oy paisnipe |apow spaezey [euoiodold X0 WOy pajewlss alem syy 'z9 abe Je papels %.\so__o”_w

"SI BAIIR[B] ‘HY ‘[eAISIUI BOUSPIUOD ‘D SUONRIABIGQY

(S6°0-L7°0) L9°0 (2€'1-92°0) 00°T (T2'1-82°0) L6°0 (L' T-16°0) OT'T (souatayal) T (10 %S6) ¥y
88 6T ad) 781 9T g ®¥e! SouspIUl
1 9 652 z8T A1) (r69=N) sase2 40 'ON

4 4o0UrED 91e1s0.d PROUEADY

(¥9'7-€5°0) €60 (72'1-99°0) L0'T (e7'1-€9°0) ¥6°0 (¥97-29'0) S0°'T (souasayal) T (10 %56) ¥

6€ 9¥ T Ly vy @34 SouspRUl

67 € 4] o €€ (¢0z=N) sased Jo ‘ON
Jeoued Asupry

(9v'z-26'0) 06T (08'1T-0L0) 2T'T (82'1-180) 02T (se'1-¥5'0) 58'0 (ouasayal) T (10 %S6) ¥

z9 67 v's 0 Sy @34 SouspaYl

asea ouip|geis-ANesH  9|geIs-WINIPS |\  SSES.oUl poYJew-UesT  8Ses.Ioulaieepow-ues  9|ges-ues

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

available in PMC 2017 May 15.

Int J Cancer. Author manuscript



Page 23

Song et al.

WA

(L7'1-05°0) 98°0

(8T'1-67°0) 920

(€9'T-69°0) 90°T

(6€'1-65°0) T6°0

(soualayal) T (502=N) Bunjows JanaN

050 (T€'1-25°0) £8°0 (¥€'1-89'0) 56'0 (cz'1-v5'0) 18°0 (52'1-65'0) 98°0 (ouasaya) T (TL2=N) Bunjows Iang
J[oued uelrenO

(98'2-9¢T) 26T (TT'1-€5°0) LL'0 (€T'2-90'T) 0S'T (zz'1-85°0) ¥8°0 (oouasapen) T (OVE=N) SIdOWS JaASN

8r'0 (re'e-15'1) 52T (99'1-6L'0) ST'T (6€'2-0T'T) 29T (zL1-6L0) LT'T (ouasaya) T (¥2€=N) s1exjos 1on3
J80uUed [ellewopus

2(G9'1-80'T) €€'T p6Y'T-50'T) ST'T 2(26'T-v€'T) 09'T (S2°T-v2T) LT (oouasagan) T (S0S'T=N) SIBdOWS JAASN

010 (8T'7-€8'0) 660 (20'T-18°0) ¥6'0 (TS 12T T) 0E'T (6e'T-50T) TZ'T (oouasapan) T (TS6'T=N) SIeX0WS JonT
Jooued 1se8.q fesnedouswisod

(99'6-91'1) 25T (Ty'2-05'0) OT'T (95'v-€0'T) LT°C (€0'€-99'0) Tv'T (oouasagan) T (26=N) s13x0ws JanaN

580 (¥1°€-18'0) 65T (887250 €0°T (Lze-16'0)8LT (¢zz-59'0) 02T (e0uasayal) T (0zT=N) sijows JoA3
Jeoued Asupiy

(0v'e-00'T) ¥8'T (sT'zzL0)s2T (S0'2-€9°0) €T'T (9z'z-9L0) 1€T (oouasapan) T (SPT=N) SIaOWS JaAdN

520 (002-190) TT'T (€2'7-69°0) 60'T (T19'2-86'0) 09'T (82'1-,9'0) 60T (e0uasayal) T (62T=N) sijows JoA3
J|oued Jires oued

(Le'2-6T'T) 89T (T5'1-28°0) TT'T (59'1-28'0) 02'T (e€'1-2L°0) 86°0 (oouasapan) T (9GK=N) SI3OWS JaASN

50 (£9'1-66'0) 92T (¢21-12°0) 160 (T9'1-26'0) ST'T (€2'1-92°0) 260 (e0uasayal) T (529=N) sixjows JoA3
JBoUR) [19940|0D

prLT-0€T) 05T (1z1-66'0) 21T (89'T-0£T) 8v'T (6£1-80'T) £2°T (eouaiapel) T (608'Z=N) SIaOWS JanaN

800 (Te'1-20T) ST'T (80'1-88'0) L6'0 (8V'T-6T'T) €E'T (LZT-20T) ¥T'T (oouasapan) T (T6G'E=N) s1oxjous Jong
4#8oued perepI-A1Is900

o(r9T-0e') 97’1 (92T-€0T) ¥T'T (05T-22'T) €T oreT-0TT) 22T (eousiaja) T (08E'%=N) SIXoWS JaneN

5000 (0T'1-26°0) 00'T (L0'1-€6'0) 00'T (9T'1-66'0) L0'T (L0'1-26°0) 66°0 (oouasapen) T (280'L=N) sisxjous Jon3
J[oued [elol
USWIOAN

quolde RN IO} d  ssesoulp|des-ANesH  9|Ces-WNIPSIN  8SES.0Ul POYJel-UesT]  8Ses.ouldlelepow-ues  8|qes-ues
2(Apms

dn-moj||04 S|eUOISS8J01d Y1[eaH) uaw pue (ApmsS yijesH ,SasinN) uswom ui adeys Apoq Jo sali019slel) 01 Buiplodoe Buiows Ag Jaoued JO 3Su aAlR|aY

Author Manuscript

Author Manuscript

€ 9lqeL

Author Manuscript

Author Manuscript

Int J Cancer. Author manuscript; available in PMC 2017 May 15.



Page 24

Song et al.

“190URd 8yeIso.d paoueApe-uou Buipnjoxg 5

"1appe|q|ed pue ‘IaAl] ‘saLieAo ‘wniiawopus ‘(asnedouswisod) 1sealq ‘Aaupiy ‘seatoued ‘(Ajuo ewourdsesouape) snbeydoss ‘Wwn1dal0]09 syl Jo Siadurd Buipnjou|

4

1591 PIEM [eNPIAIPUI Aq TO00'0< ‘T00"0SUONORIBIUI 0}

18] PIEM [enpIAIpUL AQ TOO'0< 'T0'0SUONIRIBII 10}

17

"(4anau 'sA Jand) a]qerten Bujows Areulq ay: pue (dnoib aausiagel ‘0 ‘1s81 Japun dnolb aouaisyal-uou
‘T) sdnoub Aioyoalely syl Jo yoea oy ajqerien Areuiq ayy BulAjdnnw Aq pareald sem wiua) 1onpoud v "sdnolb A1010aleu) aualayai-uou ayy Jo Yaes 10y 158l Piemn [enpiAipul AQ T0'0< ‘S0°0SuoIoRISul LEQ,Q

'SWJB) 8S8Y) INOYLIM [3powl 8y} 03 (sdnoiB 83ualagal-uou f 8y} 10y S3|qeLieA

Jojeaipui) sdnouf Aio1oafely ayy pue (Buiows 1aAsU “SA JaAa :Aleulq) Buiyows usamiag swis) 1onpo.d ay) Yiim [apow ay} aiedwiod 0] pasn Sem WOpPaaly JO $8a16ap ¢ YlIm 1S3} 01jel pooyi|axi| [eqo|9

q

“T 9]GEL Ul Se S3IeLIBA0D JO 19S awes ay} 10} Juswisnipe yum [apouw spaezey euoiiodod X009 8|qeLBAINW WOJ) PSIBLUASS 81aM SHY "Z9 abe 18 pauels %-\so__o“_w

"YSL BAIIR[3] “HY {[eAISIUI BOUSPYUOD ‘| SUONBIABIGQY

870

92’0

€00

S50

600

70

2(€LT-€90) 10'T

(18'0-0£0) 670

(#9'1-€T°0) 970
(56'1-250) T0°T

5(08'6+2'1) 89¢C

(SL'T-9%°0) 06°0

(r€2-9L0) €€°T
(Se2-20T) ST

(88'T-T0'T) 8E'T
(€'1-28°0) SO'T

(Tr'1-96'0) 9T'T
(#€1-20T) LT'T

(r21-€L°0)€TT
(2€'1-99'0) €6°'0

(92°€-T2°0)€S'T
(85'1-€7°0) 18°0

(50°€-650) vE'T
(vLT-¥5°0) 260

(€5'2-16'0) /ST
¥9'1-22°0) 80T

2(28'1-50T) 8€'T

(€2'1-62°0) 66°0

(¥€'1-96'0) €T'T
(TT'1-98°0) 86°'0

(L¥'T-2,°0)€0°T
(¥2'1-69°0) €6°0

(€T'2-¥50) 80T
(07’ 1-67°0) €8°0

(0T'Z-150) ¥0'T
(68°T-€L°0) 8T'T

(16'1-€8°0) 92T
(691T-98°0) TZ'T

(T7'1-88°0) 2T'T
(82'1-68°0) L0'T

(SZ'1-16'0) 60'T
(ST'T-€6'0) €0°'T

(€0z-26'0) OV'T
(L€'1-€2°0) 00T

(€0'z-€7'0) €6'0
(08'1-09°0) ¥0'T

(0£'2-09°0) LZ'T
(2T 1-¥v£°0) 29°0

(5e'2-86°0) TS'T
(6,T-280)ST'T

2(6LT-0TT) OF'T

(L2'1-98°0) ¥0'T

2(0r'1-€0T) 02'T

(80'1-58°0) 96'0

(s0ualayal) T

(souauayal) T

(souauayal) T

(s0ualayal) T

(soualayal) T

(s0uaayal) T

(soualayal) T

(s0uaayal) T

(s0ualayal) T

(soualayal) T

(s0uaayal) T

(souauayal) T

(962=N) s1ows JanaN
(86£=N) S1axowWs Jang
/8oued BeIs0.d peoeADY
(2/=N) sixows JansN

(0ST=N) S1exowWs Jang

Joued faup iy

(£8=N) Siax0owWs JanaN

(87T=N) S1axowWs Jong
Jsoued o1jes Joued

(££2=N) S1ajows 1anaN

(6SE=N) S18¥OWS Jang
JBoue)d [e108.10(0D

(202=N) Sijows JanaN

(SZT'T=N) Sia3ows Jang
(/480ued pete R I-A1Ised0

(Ty2'T=N) SI83OWs JansN
(5e2'€=N) siaows 1o

£480Ued [ejol

quoldedIUl Iojd  asesoulp|qeIs-AnesH

d|gels-WNIPS N 9SB9.0Ul PaY| Jew-uea

952 10Ul 9le lopow-uea 1

a|gers-ues

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2017 May 15.

Int J Cancer. Author manuscript



Page 25

Song et al.

"siowin) [ey1a) Jo (TN 0 ‘TN ‘v.L/ag L abels) areisoid sy} apIsino pealds pey Jey sased se paulyap Jaoued ayesoud PaoUeApY,

"1appe|q|ed pue ‘1aAl| ‘(Ajuo Jeoued paoueape) arelsoid ‘Asupiy ‘sealoued ‘(Ajuo ewoulosedouspe) snbeydoss ‘WN}0810]09 ay} 4O SIsdued mc_n:_oc_q

Author Manuscript Author Manuscript Author Manuscript

Author Manuscript

Int J Cancer. Author manuscript; available in PMC 2017 May 15.



Page 26

Song et al.

“T 8]gBL Ul Se S31eLIeA0D JO 18S BLUBS 8y} 1oy Juswwisnipe yim [apow spaezey [euofiodold X0D 8|qeLIBAINNW WOL) PEIBWIINSS 818M SHY "Z9 abe e paliels %.>>o__o”_mv

SIS BAIR[) ‘Y'Y {[eAIBIUI 8DUBPIIUO0D ‘1D (SUOITRINBIGQY

(v€'1-97°0) 620
8000 (5€'1-€5°0) 580

4(€2'6-66'2) G2'S

100°0> (66'T-00'T) TV'T

5(89'T-60'T) 9€°T

110 (LT'1-28°0) 86°0

(0T'2.-¥2'1) 96C
9e'0 (00'€-82°0) €S'T

(65'€-18'0) 92T
6.0 (60'2-22°0)€2T

(8'1-66'0) 9€'T
260 (L6'T-L0T) SP'T

(@8 1-6€1) LST

700°0> (LZ1-860)2T'T

oy Tv1T) 12T

100°0> (T'T-16'0)90°T

p(08'0-0€°0) 670

(€5'1T-08°0) TT'T

(652-82°0) 2v'T
(LT'1-59°0) 280

(2€'1-06'0) 60°'T
(8T'T-16°0) ¥O'T

(¥S5'€-29°0) 87'T
(T9°'T-15°0) T6°0

(98'2-€8°0) ¥S'T
(67'1-€9°0) 260

(5e'1-82°0) €0°'T
(82'1-82°0) 00'T

(€2'1-€6°0) LO'T
(2TT-26'0) TO'T

(vT'T-v6'0) ¥O'T
(ZT1-160) ¥O'T

(S7'1-85°0) 26°0
(5€'T-29°0) 160

4(6L1-652) 057

(62'1-99°0) €6'0

(T6'T-T€'T) 8S'T
(VS T-STT) €€'T

(s5'5-20'1) 8€'2
(9T°€-66°0) LL'T

(15°€-16'0) G8'T
(82'1-69°0) TT'T

(22'1-86°0) 0€'T
(1S'1T-98°0) ¥T'T

o8 T-ErT) ¥9'T

(6£T-2TT)STT

(6 T¥TT) 92T

(02T-20T) 0T'T

(T7'1-85°0) 16°0
(TZ'1-85°0) ¥8°0

5(06'€-€2'1) 6T°C

(90'1-950) 220

(0LT-LTT) 7T
(er'1T-0T'T) ST'T

(€T'5-56'0) 02'C
(69'T-050) 260

(212-6L0) ev'T
(59'1-89°0) 90°T

(62'1-€2°0) L6'0
(r2'1-€2°0) 56°0

SIS T-STT) 2€T

(Tz'1-66'0) OT'T

(€zT-20T) 2T'T
(21'7-96'0) €0'T

(soualagal) T

(soualagal) T

(soualayal) T

(soualagal) T

(soualagal) T

(soualagal) T

(soualagal) T

(soualagal) T

(soualagal) T

(soualagal) T

(soualagal) T

(soualagal) T

(soualagal) T

(souasagal) T

(soualagal) T

(soualagal) T

(82T=N) LHIA pasn 1anaN
(£62=N) LHIA pasn Jan3

Joued uelrenO

(£22=N) LHIN pasn JanaN
(06€=N) LHIA pasn Jan3

Jooued [elIBWOPUT

(L0€'T=N) LHIA pash JonsN
(Z€T'2=N) LHW pasn 1an3
Jooued 1sea.q [esnedouewisod
(¥6=N) LHIA pasn JanoN
(LTT=N) LHIA pasn 1an3

Jooued Aaupry
(L2T=N) LHIAl pasn JaneN
(96T=N) LHIA pasn 1an3
J2dued Jl1es.oued
(95G=N) LHIAl pasn JanaN
(226=N) LHIA pasn 1an3
JB0Ued [e109.1010D
(909°2=N) LHI pasn JansN
(922'€=N) LHIA pasn Jan3
£490ued parepI-Alsaqo

(¥65'7=N) LHIN pasn JansN
(v£8'9=N) LHIN pash Jan3
JBoueD [e10]

quUOIIEBIUI IO} d  ases JoulR|qels-ANed H

9|0es-WNIPAN  8SB.oul paY|jew-uea |

3SES J0Ul 3Je Bpow-ues 1

a|qers-ues

2(ApPMS Y1eaH ,SsasinN) uawom ul adeys Apoq Jo salio1oales) 01 Buipioade (1 HIN) Adelayl suow.oy jesnedousw Aq 180UR9 JO XSLI dAIR|9Y

Author Manuscript

¥ alqeL

Author Manuscript

Author Manuscript

Author Manuscript

Int J Cancer. Author manuscript; available in PMC 2017 May 15.



Page 27

Song et al.

"1appe|q|ed pue ‘IaAl| ‘saLieAo ‘wniiawopus ‘(asnedouswisod) 1sealq ‘Asupiy ‘sealoued ‘(Ajuo ewouldsedouape) snbeydoss ‘Wwn}d810]02 8y} JO SIadued m:_uz_oc_m
1583 PIEM [enpiAlpul AQ TOO0" 0SuoRoRIRIUI \_ov.n\\

1583 PIe [enpiaipul Aq TO00"0< ‘T00"0SUORIeIaI _En\m

1531 PIeA [enpIAIpul Ag TOO'0< ‘TO'0SUOndeIBUI Lohn\h

*(43n8U "SA 19A3) 3)qeLIeA | HIN Aseulq sy pue (dnoif adualayal ‘g ‘1581 Japun dnoib adualagel-uou
‘1) sdnoub A10108fely ayy 0 yoea Joy ajqersen Ateulq ayy BuiAdnnw Agq paieald sem wis) 1onpoad v "sdno.f A1030alel) 33U818)aJ-UOU B} JO YIea 104 1S81 PIeAA [eNPIAIPUL AQ TO'0< ‘G0"0SUOndRISUI _Emm

*SULISY 9S3Y} INOYNM [9poLu 3y} 0} (sdnolB aousiayal-uou 4 ayy

104 sajqelren Jorealput) sdnoab Alojoales) ay) pue (asn 1aAsU “SA JaAd :Aleulq) asn | HIN Usamiag swiia) 1onpoad ayl Yiim [apow syl asedwiod 03 pash sem Wopaal) Jo saaibiap ¢ YIIM 1s8) o11ed pooy1|aql] _So_@Q

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Int J Cancer. Author manuscript; available in PMC 2017 May 15.



	Abstract
	INTRODUCTION
	METHODS
	Study population
	Assessment of body shape
	Trajectory modeling
	Covariate assessment
	Outcome ascertainment
	Association analysis

	RESULTS
	DISCUSSION
	References
	Figure 1
	Figure 2
	Table 1
	Table 2
	Table 3
	Table 4

