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The association of adiposity across the life span with cardiometabolic risk is not completely delineated. We used a
group-based modeling approach to identify distinct trajectories of body shape from ages 5 years to 55 years among
84,792 women from the Nurses’ Health Study (1976–2010) and 37,706 men from the Health Professionals Follow-up
Study (1986–2010) and assessed the associations between these trajectories and incidence of type 2 diabetes and car-
diovascular disease (CVD) during a 17-year follow-up period. Compared with those whomaintained leanness through-
out the life span (“lean-stable” trajectory), participants who maintained a medium body shape (“medium-stable”
trajectory) had somewhat increased risk. Those who started lean but had amoderate or marked increase in adiposity
(“lean-moderate increase” and “lean-marked increase” trajectories) had even higher risk (e.g., for a “lean-marked
increase” trajectory, the hazard ratio for diabetes was 8.11 (95% confidence interval (95%CI): 7.10, 9.27) in women and
2.36 (95% CI: 2.04, 2.74) in men; for CVD, it was 1.38 (95% CI: 1.25, 1.52) in women and 1.28 (95% CI: 1.16, 1.41) in
men). Participants who started heavy and became heavier (a “heavy-increase” trajectory) had substantially elevated risk
(for diabetes, the hazard ratio was 7.34 (95%CI: 6.40, 8.42) in women and 2.80 (95%CI: 2.37, 3.31) in men; for CVD, it
was 1.55 (95% CI: 1.40, 1.71) in women and 1.35 (95% CI: 1.20, 1.53) in men). Our data showed that trajectories of
body shape fromages 5 to 55 yearswere associatedwith subsequent risk of developing type 2 diabetes andCVD.

adiposity; cardiovascular diseases; diabetes mellitus; obesity

Abbreviations: BMI, body mass index; CHD, coronary heart disease; CI, confidence interval; CVD, cardiovascular disease; HPFS,
Health Professionals Follow-up Study; NHS, Nurses’Health Study.

Obesity has become an epidemic for both children and
adults in the United States, where about one-third of children
(persons aged 2–19 years) and 70% of adults are either over-
weight or obese (1). Obesity plays a vital role in the pathogen-
esis of numerous comorbid conditions (2, 3); for example, it is
the single most important risk factor for type 2 diabetes (4)
and is a strong risk factor for cardiovascular disease (CVD)
(5). The costs of obesity and its associated comorbidity are
escalating, in terms of both health-care expenditures and qual-
ity of life, underscoring the importance of implementing effec-
tive prevention strategies.

The epidemic of obesity began in the 1980s and had been
growing substantially until recent years (6, 7). The impact of
obesity on health outcomes evolves gradually over the life
course (8). Prospective studies have suggested that adiposity
in childhood and adolescence is positively associated with

adulthood risk of CVD and cardiovascular death (9–12).
One cohort study revealed that adiposity in both adoles-
cence and adulthood was associated with increased risk of
coronary heart disease (CHD), while the risk of diabetes
was mainly associated with adiposity close to the time of
diagnosis (13). However, these studies did not take into
account the potential effects of intraindividual changes in
adiposity over time, which is important because a change
in adiposity may lead to subsequent changes in clinical out-
comes (14). Cross-sectional analyses have indicated that adi-
posity or body weight trajectories from childhood to early
adulthood are associated with cardiometabolic profile in
early adulthood (15, 16). To our knowledge, no prospective
study has reported on how group-based trajectories of body
shape from childhood to middle age are related to subse-
quent risk of cardiometabolic disease.
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Previously, we demonstrated that trajectories of body shape
from childhood to midlife were associated with subsequent
risk of cancer and mortality (17, 18). In the current study,
we examined trajectory patterns of long-term change in body
shape from childhood to midlife in relation to subsequent
risk of diabetes and CVD among women and men from 2
large, well-established US cohorts. By classifying partici-
pants into distinct, mutually exclusive trajectory groups, our
study allowed for scrutiny of the population heterogeneity in
the change in body shape across the life span and direct com-
parison of the disease risks across these groups.

METHODS

Study populations

We included data from 2 ongoing US cohort studies: the
Nurses’ Health Study (NHS) and the Health Professionals
Follow-up Study (HPFS). The NHS began in 1976 with the
enrollment of 121,700 female nurses aged 30–55 years. The
HPFS began in 1986with the enrollment of 51,529male health
professionals aged 40–75 years. Participants in both cohort
studies completed a baseline questionnaire on medication use,
lifestyle, and medical history and were followed biennially
through validated questionnaires that obtained updated informa-
tion on the aforementioned areas. Follow-up rates were approx-
imately 90% in each 2-year cycle for both cohorts. Both studies
have been described in detail elsewhere (19, 20).

The study protocol was approved by the institutional review
boards of Brigham andWomen’s Hospital and the Harvard
T.H. Chan School of Public Health (Boston, Massachusetts).
Informed consent was indicated by return of the baseline
questionnaire.

Assessment of body shape

On the 1988 questionnaires, participants in both cohorts were
asked to recall their body shape in early andmiddle life by choos-
ing one of 9 pictorial body diagrams (somatotypes) (Figure 1)
developed by Stunkard et al. (21). Participants were asked to
select the diagram that best depicted their body outline at ages
5, 10, 20, 30, and 40 years. The validity of this measure of body
shape was assessed among 181 participants aged 71–76 years
in the Third Harvard Growth Study, where the participants’ re-
called body shapes were compared with their measured body
mass index (BMI; weight (kg)/height (m)2) at approximately
the same ages (22). In women, the Pearson correlation coeffi-
cients were 0.60 for age 5 years, 0.65 for age 10 years, and 0.66
for age 20 years; in men, they were 0.36 for age 5 years, 0.66 for
age 10 years, and 0.53 for age 20 years (22). We calculated
BMI at ages 50 and 55 years using the reported body height
and weight from updated follow-up questionnaires, and then
converted BMI to the same scale as the somatotypes (see the
Web Appendix, available at https://academic.oup.com/aje).

Ascertainment of outcomes andmeasurement
of covariates

Participants with self-reported diagnoses of diabetes and
CVD (including nonfatal and fatal myocardial infarction and

stroke) on the main questionnaire were mailed a supplemen-
tary questionnaire regarding symptoms, diagnostic tests, and
hypoglycemic therapy (23). Information on potential con-
founders was collected via the biennial NHS and HPFS follow-
up questionnaires. We generated an Alternate Healthy Eating
Index score to evaluate diet quality, which has been significantly
associated with CVD in our cohorts (24). Detailed information
is presented in theWeb Appendix.

Statistical analysis

We used a group-based trajectory modeling approach im-
plemented in SAS Proc Traj (SAS Institute, Inc., Cary, North
Carolina) to identify trajectory groups within each cohort that
shared similar underlying trajectories of body shape from ages
5 to 55 years among 84,792 women from the NHS and 37,706
men from the HPFSwho provided somatotype data for at least
4 different ages (25, 26). This method is designed to identify
relatively homogeneous clusters of developmental trajectories
within the population and has been successfully applied in
large prospective cohort studies (17, 18, 27, 28). Participants
were assigned to one of the trajectories to which they had the
highest estimated probability of belonging. Based on the re-
sults from the trajectory analyses and the interpretability of
the groups, we included 5 trajectories in subsequent analyses.
More details about the trajectory analysis are provided in the
Web Appendix. Web Figure 1 shows the process of partici-
pant selection.

We defined baseline as 1988 when body shape informa-
tion was collected for the participants who were aged >55
years in 1988 and baseline as the year in which participants
reached age 55 years for those who were aged ≤55 years in
1998, in order to avoid potential recall bias and survival bias.
We calculated person-years from the baseline for each cohort
to the date of incident diseases (type 2 diabetes or CVD,
separately), death, or the end of follow-up (June 1, 2010, for
NHS and January 31, 2010, for HPFS), whichever came first.
We excluded persons who died or had a history of diagnosis
of cancer, CVD, or diabetes (for diabetes analysis only) at
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Figure 1. Figure drawing used to assess body shape at ages 5, 10,
20, 30, and 40 years among women from the Nurses’ Health Study
(1988) (A) and men from the Health Professionals Follow-up Study
(1988) (B). (Reproduced from Stunkard et al. (21) with permission
from Lippincott Williams &Wilkins, Philadelphia, Pennsylvania).
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baseline. We used Cox proportional hazards models to cal-
culate univariable- and multivariable-adjusted hazard ratios
and 95% confidence intervals for the risk of incident disease
in relation to trajectory groups. We stratified on the age groups
at the baseline of the cohort studies (i.e., 1976 in NHS and 1986
in HPFS). We adjusted for height, race, pack-years of smoking,
regular aspirin use, menopausal hormone therapy (women only),
physical activity, alcohol consumption, Alternate Healthy Eating
Index score (possible range, 0–110; higher scores indicate better
diet quality), and family history of disease in respective analysis
(see details in the table footnotes). The proportional hazards
assumption was evaluated with a likelihood ratio test com-
paring the models with and without an interaction term between
age and each covariate (including trajectory groups), and there
was no evidence suggesting that the proportional hazards assump-
tionwas violated (allP’s > 0.05 for themultivariablemodel).

Because smokers generally have lower adiposity and are at
higher risk of chronic diseases, we examined effect modifi-
cation by smoking and tested the statistical significance via a
likelihood ratio test, by comparing the model with the product
terms for the interaction between smoking (ever smokers vs.
never smokers) and body shape trajectories (indicator vari-
ables for the 4 nonreference groups) with the model without
these terms (i.e., degrees of freedom for the interaction = 4).

In a sensitivity analysis of CVD, we further adjusted for
baseline hypertension, diabetes, and hypercholesterolemia.
For CVD, we further analyzed the subtypes, including CHD
(defined as nonfatal and fatal myocardial infarction) and stroke,
separately. Other sensitivity analyses included 1) excluding per-
sons who were underweight (BMI <17) in midlife to estimate
the influence of underweight on our results; 2) excluding parti-
cipants whose trajectory assignment probability was less than
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Figure 2. Trajectories of body shape by age among women from the Nurses’ Health Study (1976–2010) (A) and men from the Health Profes-
sionals Follow-up Study (1986–2010) (B). We identified distinct trajectories of body fatness across the life span using a group-based modeling
approach. In 1988, participants in both cohorts were asked to recall their body shapes in early andmiddle life by choosing one of 9 pictorial body dia-
grams (Figure 1) that best depicted their body outline at ages 5, 10, 20, 30, and 40 years. We calculated body mass index (weight (kg)/height (m)2) at
ages 50 and 55 years and then converted body mass index to the same scale as that used at younger ages. Participants included prevalent cases of
cancer, cardiovascular disease, and diabetes at age 55 years.
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0.80 to assess the robustness of the identified trajectories;
3) excluding the participants meeting either of the previous
criteria; and 4) assessing whether the trajectory-disease as-
sociations were attenuated during the early 2000s (i.e., the
end of follow-up was defined as 2000, 2005, and 2010 sepa-
rately), a period in which there were significant changes in
lifestyle andmedication use (29).

Analyses were carried out with SAS software, version 9.3,
at a 2-tailed α level of 0.05.

RESULTS

We identified 5 distinct trajectories of body shape from age
5 years to age 55 years (Figure 2): Approximately 15% of
women and 17% of men had a “lean-stable” trajectory, where
they maintained a lean body shape across the life span; 23% of
women and 18% of men had a “lean-moderate increase” tra-
jectory, where they started out lean and then experienced a
moderate increase in body adiposity in adulthood; 18% of
women and 35% of men had a “lean-marked increase” tra-
jectory, where they started out lean and then gained a sub-
stantial amount of weight in adulthood; 30% of women and
17% ofmen had a “medium-stable” trajectory, where theymain-
tained amediumbody shape throughout life; and 13%ofwomen
andmen had a “heavy-increase” trajectory, where they started
out heavy and then gained additional weight during adulthood.

At baseline of the current study, compared with the partici-
pants in the “lean-stable” group, those in the other groups were

more likely to be hypertensive, to be diabetic, to have elevated
blood levels of cholesterol, and to have prevalent CVD in gen-
eral (Tables 1 and 2). Compared with participants in the “sta-
ble” (“lean-stable” and “medium-stable”) groups, those in the
“increase” (“lean-moderate increase,” “lean-marked increase,”
and “heavy-increase”) groups were less likely to be physically
active or to have a healthy diet (Tables 1 and 2).

Trajectory of body shape and type 2 diabetes risk

A total of 69,598 women and 30,910 men were included
in the diabetes analysis, after exclusion of prevalent cases of
cancer, diabetes, or CVD at baseline. We identified 6,250
incident cases of type 2 diabetes among women over a
median follow-up period of 17 years (1,127,128 person-years
in total) and 2,208 incident cases among men over a median
follow-up period of 16 years (476,178 person-years in total)
(Table 3).

In the univariable analysis, compared with the “lean-stable”
group (the reference group), participants in the other groups
showed a generally increased risk of developing type 2 diabe-
tes, except the “medium-stable” group in men. The results
were moderately attenuated after adjustment for confounding
factors, but the groups with increased adiposity still had an
increased risk. In the greater adiposity groups, as compared
with the “lean-stable” group, the hazard ratios for diabetes
among women ranged from 2.14 (95% confidence interval
(95% CI): 1.86, 2.46) in the “medium-stable” group to 8.11

Table 1. Age-Standardized Characteristics of Female Participants at Age 55 Years, by Body Shape Trajectory Over the Life Course, Nurses’
Health Study (n = 84,792), 1976a

Characteristic

Trajectory of Body Shape FromAge 5 Years to Age 55 Years

Lean-Stable
(n = 12,861)

Medium-Stable
(n = 25,652)

Lean-Moderate
Increase

(n = 19,324)

Lean-Marked
Increase

(n = 15,612)

Heavy-Increase
(n = 11,343)

% Mean (SD) % Mean (SD) % Mean (SD) % Mean (SD) % Mean (SD)

Physical activity, MET-hours/week 19.5 (22.0) 17.0 (18.1) 16.0 (18.4) 13.0 (15.0) 12.3 (13.7)

Alcohol intake, g/day 7.7 (10.6) 7.1 (10.1) 6.3 (9.4) 4.6 (8.3) 4.3 (8.1)

Never smoker 41.3 41.4 45.5 48.7 42.6

Pack-years of smoking 14.7 (20.2) 14.3 (19.7) 12.7 (18.6) 11.9 (18.7) 14.5 (20.4)

AHEI score 44.3 (9.60) 44.5 (9.0) 42.9 (8.8) 42.2 (8.4) 42.8 (8.7)

Current aspirin user 41.7 46.1 45.8 53.1 55.9

Current MHT user 44.2 41.1 38.8 31.3 31.0

Family history of diabetes 23.4 27.3 30.1 36.6 36.8

Family history of CHD 24.3 26.1 26.8 28.6 29.3

Hypertension 20.4 27.3 32.2 49.3 53.8

Type 2 diabetes 1.9 2.5 3.7 10.8 13.8

Hypercholesterolemia 20.6 25.8 28.3 30.8 29.1

Cancer 4.0 4.1 4.7 5.0 4.8

Cardiovascular disease 4.0 4.7 5.7 9.1 9.1

Abbreviations: AHEI, Alternate Healthy Eating Index; CHD, coronary heart disease; MET, metabolic equivalent of task; MHT, menopausal hor-
mone therapy; SD, standard deviation.

a Data were standardized to the age distribution of the study population. Prevalent cases of chronic disease at baseline were included.
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(95% CI: 7.10, 9.27) in the “lean-marked increase” group,
and those among men ranged from 1.08 (95% CI: 0.89, 1.30)
in the “medium-stable” group to 2.80 (95% CI: 2.37, 3.31) in
the “heavy-increase” group (Table 3).

We further examined whether smoking modified the asso-
ciation of body adiposity with diabetes risk (Web Table 1).
In both women and men, trajectories of increasing adiposity
were more strongly associated with increased diabetes risk
among never smokers than among ever smokers, although
the interaction test did not achieve statistical significance (in
both sexes, P> 0.05).

The results remained essentially unchanged in the sensitivity
analyses excluding participants who were underweight in mid-
life and/or excluding participants who had a <80% probability
of belonging to a trajectory group (Web Table 2). Despite sub-
stantial lifestyle changes and increases in medication use since
the early 2000s, the trajectory-diabetes association actually
increased over the follow-up period (Web Table 3).

Trajectory of body shape and CVD

A total of 72,989 women and 31,970 men were included in
the CVD (including CHD and stroke) analysis, after exclusion
of persons with prevalent cancer or CVD at baseline. We
observed 5,105 incident cases of CVD over a median follow-
up period of 18 years (1,209,378 person-years in total) among
women and 4,002 incident cases over a median of 16 years
(496,651 person-years in total) amongmen (Table 4).

Compared with those in the “lean-stable” group, parti-
cipants in the groups with greater body adiposity showed an
increased cardiovascular risk in general, except for women in

the “medium-stable” group. In general, the associations of body
shape trajectory with CVD risk were comparable between
women and men (hazard ratios ranged from 0.97 (95% CI:
0.89, 1.06) in the “medium-stable” group in women to 1.55
(95% CI: 1.40, 1.71) in the “heavy-increase” group in women).
Further adjustment for baseline hypertension, diabetes, and
hypercholesterolemia only moderately attenuated the asso-
ciations (data not shown).

In the multivariable model for CHD, consistently across
men and women, participants in the “heavy-increase” group
had the highest risk (hazard ratios were 1.75 (95% CI: 1.52,
2.02) for women and 1.49 (95% CI: 1.29, 1.72) for men) in
comparison with the “lean-stable” group; those in the “lean-
marked increase” group had the second-highest risk and those
in the “lean-moderate increase” group had the third highest,
followed by the “medium-stable” group. The results for stroke
were similar to the CHD findings but showed weaker associa-
tions among women and failed to reach significance levels
amongmen (Table 4).

The associations of body shape trajectories with cardiovascu-
lar risk among female never smokers were stronger than those
among female ever smokers, although such associations seemed
stronger among male ever smokers than among male never
smokers in the “medium-stable” and “lean moderate-increase”
groups (WebTable 1). Smoking significantlymodified the asso-
ciation of body shape trajectory with cardiovascular risk (for
overall interaction, P < 0.05 among women and men). Exclud-
ing participants who were underweight and/or had a low trajec-
tory probability did not change the results materially (Web
Table 2). The strength of the trajectory-CVD association
increased gradually across the follow-up period (Web Table 3).

Table 2. Age-Standardized Characteristics of Male Participants at Age 55 Years, by Body Shape Trajectory Over the Life Course, Health
Professionals Follow-up Study (n = 37,636), 1986a

Characteristic

Trajectory of Body Shape FromAge 5 Years to Age 55 Years

Lean-Stable
(n = 6,378)

Medium-Stable
(n = 6,298)

Lean-Moderate
Increase
(n = 6,927)

Lean-Marked
Increase

(n = 13,327)

Heavy-Increase
(n = 4,706)

% Mean (SD) % Mean (SD) % Mean (SD) % Mean (SD) % Mean (SD)

Physical activity, MET-hours/week 29.2 (28.9) 31.5 (29.1) 26.5 (26.1) 25.9 (25.8) 25.4 (26.1)

Alcohol intake, g/day 11.1 (14.7) 11.5 (15.1) 11.4 (14.6) 11.6 (15.2) 10.6 (14.1)

Never smoker 50.6 44.7 45.2 44.0 40.2

Pack-years of smoking 11.6 (18.3) 13.5 (19.3) 13.4 (19.1) 14.1 (19.5) 16.5 (21.5)

AHEI score 42.1 (10.3) 42.4 (9.8) 41.0 (9.9) 40.2 (9.6) 41.2 (9.8)

Current aspirin user 44.6 49.4 50.1 51.4 54.7

Family history of diabetes 13.5 15.0 15.8 16.8 20.1

Family history of CHD 31.8 33.7 33.2 34.0 37.0

Hypertension 17.2 19.9 23.6 28.9 32.3

Type 2 diabetes 2.1 2.5 3.7 5.1 7.1

Hypercholesterolemia 21.5 21.2 26.1 26.6 25.6

Cancer 4.5 4.6 4.9 4.8 5.5

Cardiovascular disease 7.6 8.9 9.2 11.1 12.5

Abbreviations: AHEI, Alternate Healthy Eating Index; CHD, coronary heart disease; MET, metabolic equivalent of task; SD, standard deviation.
a Data were standardized to the age distribution of the study population. Prevalent cases of chronic disease at baseline were included.
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DISCUSSION

In 2 large cohorts of women and men, we identified 5
heterogeneous groups of body-adiposity trajectories over
the course of 55 years from early childhood to middle adult-
hood. In general, women and men who maintained a lean body
shape throughout the life span had the lowest risk, whereas
those who had substantially increased body adiposity had
the highest risk of developing diabetes and CVD. These find-
ings extend our knowledge about obesity over the life course
in relation to cardiometabolic disease, and they support the
vital role of adiposity accumulation across the life span in
disease pathogenesis.

Overweight and obesity pose a major challenge to chronic
disease prevention and overall public health. In our study, most
participants gained adiposity throughout early childhood and
midlife. Changes of body adiposity in different life stages—
for example, rapid accumulation of fat during childhood (30)
andmodest weight gain during adulthood (31–34)—have been
associated with increased cardiometabolic risk. Interestingly,
one study suggested that the potential health effects of child-
hood obesity can be offset by weight loss before or during
adulthood (35). However, the cumulative effect of adiposity
over time has yet to be thoroughly determined. In a study on the
1946 British birth cohort, Charakida et al. (36) retrospectively
linked lifelong BMI patterns to carotid intima-media thickness

and found that longer exposure to high adiposity in adulthood
had a cumulative adverse effect on cardiovascular phenotype in
later life. Thus far, prospective evidence on lifelong obesity and
cardiometabolic risk is still lacking.

Overweight and obesity are the most important risk factors
for type 2 diabetes (4). In our study, adiposity seemed to have a
greater deleterious association with diabetes risk in women than
in men. Women who either started out lean and markedly gained
adiposity or started out heavy and gained further adiposity had an
8-fold increase in the risk of developing diabetes, compared with
those who were lean all the time. Even women whomaintained a
medium body shape had more than double the risk of developing
diabetes compared with women who maintained a lean body
shape. A previous study showed that obese women had more
than a 20-fold risk of diabetes, and even those who had a BMI
within the normal range (23–24.9) had twice the risk of diabetes,
compared with those who had a BMI less than 23 (37). Body
shape trajectories inmenwere also significantly related to diabe-
tes risk in our study, although the magnitude of such an associa-
tion was weaker than that in women. In the current analysis, the
difference in the strength of association between the sexesmight
partially reflect both the higher BMI in the greater body shape
groups in women and the higher incidence rate in the lean-stable
group in men; however, sex does play a role in obesity. A high
body weight may implicate more adiposity in women and more

Table 3. Hazard Ratios for Type 2 Diabetes by Trajectory of Body ShapeOver the Life Course (Ages 5–55 Years)
AmongWomen (n = 69,598) From the Nurses’Health Study (1976–2010) andMen (n = 30,910) From the Health
Professionals Follow-up Study (1986–2010)a

Body Shape
Trajectory

No. of
Participants

No. of
Cases

Incidence
Rateb

Age-Stratified
HRc 95%CI Multivariate

HRc,d 95%CI

Women (NHS)

Lean-stable 11,049 246 127.7 1.00 Referent 1.00 Referent

Medium-stable 21,961 1,036 282.5 2.21 1.92, 2.54 2.14 1.86, 2.46

Lean-moderate
increase

16,043 1,458 541.9 4.26 3.72, 4.88 3.90 3.40, 4.46

Lean-marked increase 11,983 2,138 1,219.5 9.59 8.40, 10.95 8.11 7.10, 9.27

Heavy-increase 8,562 1,372 1,112.8 8.75 7.64, 10.03 7.34 6.40, 8.42

Men (HPFS)

Lean-stable 5,468 211 242.8 1.00 Referent 1.00 Referent

Medium-stable 5,385 220 262.5 1.08 0.89, 1.30 1.08 0.89, 1.30

Lean-moderate
increase

5,646 402 430.7 1.77 1.50, 2.09 1.68 1.42, 1.98

Lean-marked increase 10,703 979 610.5 2.52 2.17, 2.92 2.36 2.04, 2.74

Heavy-increase 3,708 396 764.9 3.15 2.67, 3.73 2.80 2.37, 3.31

Abbreviations: CI, confidence interval; HPFS, Health Professionals Follow-up Study; HR, hazard ratio; MET, meta-
bolic equivalent of task; NHS, Nurses’Health Study.

a Baseline participants with cancer, cardiovascular disease, or diabetes were excluded.
b Incidence rate per 100,000 person-years.
c HRs were estimated from a Cox proportional hazards model stratified on age group in 1976 (NHS) or 1986

(HPFS).
d Multivariable models adjusted for height (m; continuous), race (nonwhite or white), pack-years of smoking

(women: 0, 1–5, 6–20, or >20; men: 0, 1–4, 5–25, 26–45, or >45), regular aspirin use (yes or no), menopausal hor-
mone therapy (women only; past use, current use, or none), physical activity (MET-hours/week, in quintiles), alcohol
consumption (women: 0–0.4, 0.5–1.9, 2.0–7.9, or ≥8.0 g/day; men: 0–4.9, 5.0–9.9, 10.0–14.9, 15.0–29.9, or ≥30.0 g/day),
AlternateHealthy Eating Index score (possible range, 0–110; in quintiles), and family history of diabetes (yes or no).
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Table 4. Hazard Ratios for Cardiovascular Disease by Trajectory of Body ShapeOver the Life Course (Ages 5–55 Years) AmongWomen From
the Nurses’Health Study (1976–2010) andMen From the Health Professionals Follow-up Study (1986–2010)a

Body Shape
Trajectory

No. of
Participants

No. of
Cases

Incidence
Rateb

Age-Stratified
HRc 95%CI Multivariate

HRc,d 95%CI

Women (NHS)

Cardiovascular disease

Lean-stable 11,183 742 384.3 1.00 Referent 1.00 Referent

Medium-stable 22,381 1,317 351.0 0.98 0.90, 1.07 0.97 0.89, 1.06

Lean-moderate increase 16,534 1,279 450.2 1.20 1.09, 1.31 1.18 1.08, 1.29

Lean-marked increase 13,201 979 468.8 1.45 1.32, 1.60 1.38 1.25, 1.52

Heavy-increase 9,690 788 531.9 1.69 1.53, 1.87 1.55 1.40, 1.71

Coronary heart disease

Lean-stable 11,199 351 179.6 1.00 Referent 1.00 Referent

Medium-stable 22,418 641 168.7 1.01 0.88, 1.14 0.99 0.87, 1.13

Lean-moderate increase 16,565 631 218.6 1.24 1.09, 1.41 1.21 1.06, 1.38

Lean-marked increase 13,245 528 248.5 1.62 1.42, 1.86 1.49 1.30, 1.71

Heavy-increase 9,717 448 297.6 1.99 1.73, 2.29 1.75 1.52, 2.02

Stroke

Lean-stable 11,192 424 217.1 1.00 Referent 1.00 Referent

Medium-stable 22,401 726 191.4 0.95 0.84, 1.07 0.95 0.84, 1.07

Lean-moderate increase 16,543 710 246.2 1.16 1.03, 1.31 1.16 1.03, 1.31

Lean-marked increase 13,240 504 237.0 1.31 1.15, 1.49 1.29 1.13, 1.47

Heavy-increase 9,714 371 245.8 1.40 1.22, 1.61 1.33 1.16, 1.54

Men (HPFS)

Cardiovascular disease

Lean-stable 5,559 607 700.7 1.00 Referent 1.00 Referent

Medium-stable 5,491 601 710.9 1.11 0.99, 1.24 1.10 0.98, 1.23

Lean-moderate increase 5,820 861 902.9 1.19 1.07, 1.32 1.16 1.05, 1.29

Lean-marked increase 11,162 1,470 878.6 1.32 1.20, 1.45 1.28 1.16, 1.41

Heavy-increase 3,938 463 831.9 1.43 1.27, 1.61 1.35 1.20, 1.53

Coronary heart disease

Lean-stable 5,564 420 478.1 1.00 Referent 1.00 Referent

Medium-stable 5,496 439 512.8 1.18 1.03, 1.35 1.17 1.02, 1.34

Lean-moderate increase 5,824 640 660.1 1.28 1.13, 1.45 1.25 1.10, 1.41

Lean-marked increase 11,170 1,116 657.3 1.45 1.30, 1.62 1.40 1.25, 1.57

Heavy-increase 3,942 354 627.1 1.58 1.37, 1.82 1.49 1.29, 1.72

Stroke

Lean-stable 5,567 220 247.4 1.00 Referent 1.00 Referent

Medium-stable 5,497 180 208.3 0.92 0.76, 1.12 0.92 0.75, 1.12

Lean-moderate increase 5,831 264 267.9 1.00 0.83, 1.19 0.98 0.82, 1.18

Lean-marked increase 11,183 419 241.9 1.03 0.87, 1.21 1.01 0.86, 1.19

Heavy-increase 3,951 121 210.9 1.03 0.83, 1.29 1.00 0.80, 1.25

Abbreviations: CI, confidence interval; HPFS, Health Professionals Follow-up Study; HR, hazard ratio; MET, metabolic equivalent of task; NHS,
Nurses’Health Study.

a Baseline participants with cancer or cardiovascular disease were excluded.
b Incidence rate per 100,000 person-years.
c HRs were estimated from a Cox proportional hazardsmodel stratified on age group in 1976 (NHS) or 1986 (HPFS).
d Multivariable models adjusted for height (m; continuous), race (nonwhite or white), pack-years of smoking (women: 0, 1–5, 6–20, or >20; men:

0, 1–4, 5–25, 26–45, or >45), regular aspirin use (yes or no), menopausal hormone therapy (women only; past use, current use, or none), physical
activity (MET-hours/week, in quintiles), alcohol consumption (women: 0–0.4, 0.5–1.9, 2.0–7.9, or ≥8.0 g/day; men: 0–4.9, 5.0–9.9, 10.0–14.9,
15.0–29.9, or≥30.0 g/day), Alternate Healthy Eating Index score (possible range, 0–110; in quintiles), and family history of diabetes (yes or no).
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muscularity in their male counterparts. Women are dispropor-
tionately affected by extreme obesity compared with men,
regardless of age or race/ethnicity (38). However, previous
studies suggested that adult men develop type 2 diabetes at
lower BMI levels than women, because men have higher
waist circumferences and are more insulin-resistant than
women at equivalent BMIs (39, 40). In the present study, we
measured body shape by means of pictorial body diagrams,
which may be more reflective of body fat distribution than BMI
measurement.

Consistent with previous studies showing direct associations
between adiposity at different ages and CVD risk (5), our data
showed that increased adiposity at most life stages was related
to a higher risk of CVD, except for women who maintained
medium adiposity. Increased BMI has been consistently related
to a higher risk of both incident CHD and CHD mortality in 3
large meta-analyses (41–43), although there is less evidence for
stroke. In our study, the association of body shape trajectories
with CHD risk seemed stronger than that with stroke risk, and
this is consistent with previous evidence from studies using
individual adiposity measurements taken at different life
stages (5, 44).

Smoking is a critical and complicated confounder of the
association between adiposity and cardiometabolic diseases.
Smokers tend to weigh less than nonsmokers because nicotine
increases energy expenditure and could reduce appetite, but
smokers have a much higher risk of disease development.
This could combine to produce an artificially elevated disease
risk among lean individuals (e.g., the reference group in our
study population) and could partially explain in our study why
the body shape trajectories were more strongly associated
with cardiovascular risk in never smokers than in ever smok-
ers among women. Smoking may also promote central fat
accumulation (45–47), and smoking cessation is frequently
followed by weight gain (48), which can further confound the
association between body shape and cardiometabolic risk.

The strengths of this investigation include a novel statistical
method for examining body shape trajectory patterns in 2 large,
well-defined cohort studies with long follow-up periods. In our
2 independent cohorts, we observed similar body shape trajecto-
ries in both sexes. To our knowledge, this is the first study that
has explored the influence of lifelong body shape trajectory on
cardiometabolic risk among US women and men, and it pro-
vides a life-course perspective on adiposity and cardiometabolic
disease prevention. Nevertheless, the findings of the current
study should be interpreted in light of its limitations. First,
because we used self-reported body shape to estimate adi-
posity, measurement errors were inevitable. However, due
to the limited sample size in a previously published valida-
tion study (22), we were unable to correct the measurement
error by regression calibration. Nevertheless, given the pro-
spective study design, such misclassifications were likely
to have been nondifferential and thus might have biased
our relative risk estimates toward the null. Furthermore,
the consistent results from the sensitivity analysis excluding par-
ticipants with a relatively low probability for trajectory assign-
ment (<80%) indicated that our findings were robust to
modest trajectory misclassification. Second, we did not
distinguish between intentional and unintentional weight

changes. Nevertheless, we excluded patients with chronic
diseases at baseline in the main analysis, and we excluded
underweight participants from the sensitivity analysis. Such
strategies may have partially accounted for unintentional
weight change. Moreover, our study participants were pre-
dominantly white, and the generalizability of our findings
to other populations may be limited. A previous study showed
that the association between adiposity trajectory and mortality
in older Japanese was different from that in the US population
(28). More data on diabetes and CVD from other racial/ethnic
groups are needed. Finally, we acknowledge the general lim-
itations of the 2-step regression approach in our analysis, such
as loss of efficiency and the fact that the residual variances in
the first regression are carried into the second regression (49).

In conclusion, we identified 5 distinct trajectories of body
shape across the life span and found distinct patterns of cardio-
metabolic risk across these trajectories. Our results suggest
that increased body adiposity throughout the early and middle
stages of life is associated with greater risk of cardiometabolic
diseases in later adulthood, especially for persons who are
heavy at a young age and gain further weight in adulthood.
This study underscores the importance of early prevention of
excess weight gain and obesity throughout the life span.
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