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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,1 and obesity during childhood is associated with the persistence of 

obesity into adulthood,2 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),3, 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.5 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 breast6–10 and advanced 

prostate cancer,11–13 and higher risk of colorectal14–16 and endometrial cancer,17–20 the 

findings remain inconclusive21–25 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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METHODS

Study population

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.

Assessment 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 al28 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.29 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.29

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 4th and 5th category 

of somatotypes were 23.3 and 26.1 kg/m2, respectively, and the mean increment of BMI 

from age 40 to 50 was 1.5 kg/m2. Therefore, the lower cutoff of BMI for the 5th category of 

somatotypes at age 50 would be 23.3+1.5=24.8 kg/m2 and the upper cutoff would be 

26.1+1.5=27.6 kg/m2. 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.

Trajectory modeling

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).31 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,31 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.31

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

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,4 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.

Association analysis

We used SAS 9.3 for all analyses (SAS Institute Inc., Cary, NC, USA). All statistical tests 

were two sided and P < 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 (CIs) 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 α=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.

RESULTS

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% CI, 1.17–1.45) and lean-marked increase (RR=1.41, 95% 

CI, 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% CI, 1.04–9.13) and pancreatic cancer (RR=1.50, 95% CI, 

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% 

CI, 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% CI, 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 (P for 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 (P for 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,4 high body fatness in childhood and adolescence has been related to lower 

risk.6–9 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,4 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.35 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,14 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,39 

and kidney40 and pancreatic cancer.4 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,41, 42 but not all,40 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,4 

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,39 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,44 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.45 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. Relative risk and 95% confidence interval of cancer according to early-life (▲) and 
late-life (●) body shape in 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.
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