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With Major Health Outcomes Later in Life

Yan Zheng, MD, PhD; JoAnn E. Manson, MD, DrPH; Changzheng Yuan, MD, ScD; Matthew H. Liang, MD, MPH;
Francine Grodstein, ScD; Meir J. Stampfer, MD, DrPH; Walter C. Willett, MD, DrPH; Frank B. Hu, MD, PhD

IMPORTANCE Data describing the effects of weight gain across adulthood on overall health
are important for weight control.

OBJECTIVE To examine the association of weight gain from early to middle adulthood with
health outcomes later in life.

DESIGN, SETTING, AND PARTICIPANTS Cohort analysis of US women from the Nurses' Health
Study (1976-June 30, 2012) and US men from the Health Professionals Follow-Up Study
(1986-January 31, 2012) who recalled weight during early adulthood (at age of 18 years

in women; 21 years in men), and reported current weight during middle adulthood

(at age of 55 years).

EXPOSURES Weight change from early to middle adulthood (age of 18 or 21 years
to age of 55 years).

MAIN OUTCOMES AND MEASURES Beginning at the age of 55 years, participants were
followed up to the incident disease outcomes. Cardiovascular disease, cancer,

and death were confirmed by medical records or the National Death Index. A composite
healthy aging outcome was defined as being free of 11 chronic diseases and major cognitive or
physical impairment.

RESULTS A total of 92 837 women (97% white; mean [SD] weight gain: 12.6 kg [12.3 kg] over
37 years) and 25 303 men (97% white; mean [SD] weight gain: 9.7 kg [9.7 kg] over 34 years)
were included in the analysis. For type 2 diabetes, the adjusted incidence per 100 000
person-years was 207 among women who gained a moderate amount of weight (=2.5 kg to
<10 kg) vs 110 among women who maintained a stable weight (weight loss =2.5 kg or gain
<2.5 kg) (absolute rate difference [ARD] per 100 000 person-years, 98; 95% Cl, 72 to 127)
and 258 vs 147, respectively, among men (ARD, 111; 95% Cl, 58 to 179); hypertension: 3415 vs
2754 among women (ARD, 662; 95% Cl, 545 to 782) and 2861 vs 2366 among men (ARD,
495; 95% Cl, 281 to 726); cardiovascular disease: 309 vs 248 among women (ARD, 61; 95%
Cl, 38 to 87) and 383 vs 340 among men (ARD, 43; 95% Cl, -14 to 109); obesity-related
cancer: 452 vs 415 among women (ARD, 37; 95% Cl, 4 to 73) and 208 vs 165 among men
(ARD, 42; 95% Cl, 0.5 to 94). Among those who gained a moderate amount of weight, 3651
women (24%) and 2405 men (37%) achieved the composite healthy aging outcome. Among
those who maintained a stable weight, 1528 women (27%) and 989 men (39%) achieved the
composite healthy aging outcome. The multivariable-adjusted odds ratio for the composite
healthy aging outcome associated with moderate weight gain was 0.78 (95% Cl, 0.72 to
0.84) in women and 0.88 (95% Cl, 0.79 to 0.97) in men. Higher amounts of weight gain were
associated with greater risks of major chronic diseases and lower likelihood of healthy aging.

CONCLUSIONS AND RELEVANCE In these cohorts of health professionals, weight gain during
adulthood was associated with significantly increased risk of major chronic diseases and
decreased odds of healthy aging. These findings may help counsel patients regarding the
risks of weight gain.
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besity is a major global health challenge. The world-

wide prevalence of obesity (body mass index [calcu-

lated as weight in kilograms divided by height in me-
ters squared; BMI] >30) was 11% for men and 15% for women
in 2014 compared with 5% for men and 8% for women in
1980.12 Excess adiposity is a well-established risk factor for ma-
jor chronic diseases, including cardiometabolic disease, cer-
tain types of cancer such as postmenopausal breast cancer and
colorectum cancer, and overall premature mortality.

Excess adiposity tends to accrue during early and middle
adulthood for most people. Among US adults, the mean weight
gain is 0.5 to 1.0 kg per year from early to middle adulthood*
and this modest yearly accumulation of weight eventually leads
to obesity over time. Adult weight gain has been associated with
an increased risk of type 2 diabetes,> coronary heart disease
(CHD),” hypertension,” cholelithiasis,® and several types of
cancer.” However, most prior studies did not consider the total
amount of weight change across specific age ranges. It is un-
clear how weight gain during the transition from early to middle
adulthood, when most weight gain occurs,® relates to subse-
quent health consequences. Recommendations for prevent-
ing weight gain during adulthood are lacking in public health
guidelines.® Compared with studies of attained weight or BMI,
an investigation of weight change may better capture the ef-
fect of excess fat because it factors in individual differences
in frame size and lean mass that are difficult to measure in
population studies.

This study aimed to systematically examine the associa-
tion of weight gain from early to middle adulthood (age of 18
or 21 years to age of 55 years) with subsequent risk of major
health outcomes, including type 2 diabetes, hypertension, car-
diovascular disease, cancer, cholelithiasis, severe osteoarthri-
tis, cataracts, a composite healthy aging outcome, and mor-
tality, in women and men from 2 large, ongoing cohort studies.

Methods

Study Design and Population

A cohort analysis was conducted using the Nurses’ Health
Study (NHS) and the Health Professionals Follow-Up Study
(HPFS). The NHS began in 1976 with the enrollment 0of 121 701
female registered nurses aged 30 to 55 years, reflecting the ra-
cial composition of nurses at that time (97% white). The HPFS
began in 1986 with the enrollment of 51529 male health pro-
fessionals (including dentists, optometrists, osteopaths, phar-
macists, podiatrists, and veterinarians) aged 40 to 75 years. Par-
ticipants in both cohorts completed an initial questionnaire on
medications, lifestyle, and medical history and were fol-
lowed up biennially via questionnaires that obtained up-
dated information. Follow-up information was available for ap-
proximately 90% of each study cohort. The details of both
studies were described.'"

In the recruitment and biennial follow-up questionnaires
for both cohorts, participants reported their current weight.
The Pearson correlation coefficient between self-reported cur-
rent weight and the mean of 2 standardized technician-
measured weights was 0.97 for both women and men.!? In the
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Key Points

Question What is the association of weight gain from early to
middle adulthood with health outcomes later in life?

Findings During a follow-up of 18 years in 92 837 US women and
15 years in 25 303 US men, compared with participants who
maintained a stable weight (weight loss =2.5 kg or gain <2.5 kg),
those who gained a moderate amount of weight (=2.5-<10.0 kg)
had increased incidence of type 2 diabetes (absolute rate
difference/100 000 person-years of 98 in women and 111in men),
cardiovascular disease (61in women), obesity-related cancer (37 in
women and 42 in men), and mortality (51among women who
never smoked).

Meaning Among women and men, moderate weight gain from
early to middle adulthood was associated with significantly
increased risk of major chronic diseases and mortality.

1982 questionnaire for the NHS and the 1986 questionnaire for
the HPFS, participants recalled their weight at 18 years of age
for women in the NHS and at 21 years of age for men in the
HPFS. In a subgroup of women aged 25 to 42 years in NHS II,
the mean difference between measured and recalled weight
at the age of 18 years was 1.4 kg, and the correlation was 0.87.1
Early- to middle-life weight change was defined as the change
in weight since early adulthood (ages of 18 years for women
and 21 years for men) to middle adulthood (age of 55 years).

The study was approved by the institutional review boards
of Brigham and Women’s Hospital and Harvard T. H. Chan
School of Public Health, with informed consent indicated by
the return of the baseline questionnaire.

Outcomes and Covariates

Potential confounders included age, race, family history of dis-
eases, alcohol consumption and smoking status, physical ac-
tivity level, use of aspirin, menopausal status and postmeno-
pausal hormone therapy use for women, parity for women, and
a history of major chronic conditions reported via the regular
biennial questionnaires throughout follow-up. Race/ethnicity
was determined by self-selecting 1 of the fixed categories and
was considered as a covariate in the models because of the
known relevance of race/ethnicity to chronic disease risk. Dietary
information was updated using validated semiquantitative food
frequency questionnaires' in each cohort every 2 to 4 years.
Height was reported at the baseline questionnaire for each co-
hort. Self-reported weight and height were used to calculate each
participant’s BMI.

The selected health outcomes included major age-related
conditions that could affect the quantity and quality of later life.
Every 2 years after baseline of the study, participants were asked
toreport newly developed health outcomes, including type 2 dia-
betes, hypertension, cardiovascular disease, cancer, sympto-
matic gallstones, cholecystectomy, hip replacement, severe os-
teoarthritis, and cataract extraction during the past 2 years.
Participants who self-reported a diagnosis of diabetes were
mailed a supplementary questionnaire regarding symptoms, di-
agnostic tests, and hypoglycemic therapy. The National Diabe-
tes Data Group criteria were used to define cases of type 2
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diabetes before 1998 and the American Diabetes Association cri-
teria were used to define cases after 1998.

Self-reported hypertension,!”® type 2 diabetes,'®
cholelithiasis,!” severe hip osteoarthritis,'® and cataract
extraction'® were verified in subsamples with high confirma-
tion rates. Cholelithiasis was defined as a composite of unre-
moved symptomatic gallstones and cholecystectomy. Clini-
cally severe osteoarthritis was defined as total hip replacement,
and simultaneously osteoarthritis (or other arthritis).'® Be-
cause cataracts are very common, cataract extraction was used
as a clinically significant end point to minimize misclassifica-
tion and to decrease variation in diagnosis. The diagnoses of
cardiovascular disease (a composite of CHD and stroke) and
cancer were confirmed by study physicians who reviewed
medical records. Obesity-related cancer included the esopha-
gus (adenocarcinoma only), colon and rectum, pancreas, breast
(after menopause, women only), endometrium (women only),
ovaries (women only), prostate (only advanced and in men),
kidney, liver, and gallbladder.?° Incident cases of cardiovas-
cular disease, type 2 diabetes, overall cancer, and nontrau-
matic death were included in a composite measure of major
chronic diseases.?! Deaths during follow-up were reported by
next of kin, the postal system, and through the records of the
National Death Index. The underlying cause of death was as-
signed according to the eighth and ninth revisions of Interna-
tional Classification of Diseases.

The concept of a “composite healthy aging outcome
cluded not only disease status but also cognitive and physical
functions. Following previous publications,?® the composite
healthy aging outcome was defined using the following 3 do-
mains: (1) no self-reported history of cancer, diabetes, CHD,
coronary artery bypass graft surgery or percutaneous trans-
luminal coronary angioplasty, congestive heart failure, stroke,
kidney failure, chronic obstructive pulmonary disease,
Parkinson disease, multiple sclerosis, or amyotrophic lateral
sclerosis; (2) no cognitive decline (subjective cognitive de-
cline score = O by 6 relevant questions); and (3) no physical limi-
tations (no limitations on moderate activities, and no more than
moderate limitations on more demanding physical perfor-
mance measures of the 36-item Medical Outcomes Study Short-
Form Health Survey). Because the cognitive assessments
mainly occurred in 2010-2012, participants who were alive in
2010 and had data regarding the 3 domains were included in
the analysis for the composite healthy aging outcome.

In the current analysis, the primary outcomes included in-
cident cases of type 2 diabetes, hypertension, cardiovascular dis-
ease, obesity-related cancer, cholelithiasis, clinically severe os-
teoarthritis, cataract extraction, death, the composite healthy
aging outcome, and a composite measure of major chronic dis-
eases. The secondary outcomes included incident cases of car-
diovascular disease subtypes (ie, CHD and stroke), overall can-
cer, and mortality caused by cardiovascular disease or cancer.
A detailed description of ascertainment and documentation of
outcomes appears in the eMethods in the Supplement.

»22 -

Statistical Analysis
Poisson regression models with robust standard errors were
used to estimate incident rates and incident rate ratios (IRRs)
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and 95% ClIs as an indicator of relative risk of incident major
health outcomes (from the year when the participant turned
55 years old to 2012). The absolute rate difference (ARD) was
estimated by I x (IRR - 1) (I indicates the incidence among
the reference category or the study population). For the com-
posite healthy aging outcome, logistic regression models
were used to estimate odds ratios and 95% ClIs in 2010.
Because many outcomes were evaluated simultaneously
without adjustment for multiple comparisons, the analyses
from this study may be interpreted as exploratory in nature;
however, these analyses were based on a priori hypotheses
and previous literature.

Based on the examination of the distribution of weight
change in both cohorts, primary analyses of weight change
used the following categories: (1) weight loss greater than
2.5 kg, (2) weight loss between O and 2.5 kg or weight gain of
less than 2.5 kg (reference category), (3) weight gain between
2.5 and 9.9 kg, (4) weight gain between 10.0 and 19.9 kg, and
(5) weight gain of 20.0 kg or more. We chose 10 kg as the
cutoff point for moderate weight gain based on the estimated
median (10.9 kg in women and 8.8 kg in men) and mean
(12.6 kg in women and 9.7 kg in men) weight change of the
study participants. The cutoff for the extreme weight gain
group (20 kg) was based on selection of the highest 10% to
20% of both the female and male study participants. These
weight change cutoff points for categories were comparable
with those used in previous studies.?#2° For the analysis of a
composite measure of major chronic diseases, weight change
was further divided, yielding 9 categories (<-2.5 kg, -2.5 to
2.4 kg [reference category], 2.5 to 4.9 kg, 5.0 t0 9.9 kg, 10.0 to
14.9 kg, 15.0 to 19.9 kg, 20.0 to 24.9 kg, 25.0 to 29.9 kg, and
>30.0 kg). The analyses for trend of association across weight
change categories were conducted by assigning the median
value to each category and modeling this value as a continu-
ous variable.

Several secondary analyses were conducted. We also cat-
egorized the study population by quintile cutoffs of weight
change in each cohort, and compared the participants who
gained more weight (quintiles 2-5) with those who gained the
least (quintile 1). In addition, a possible nonlinear relation-
ship between weight change and incidence of disease was
tested nonparametrically with restricted cubic splines,?® and
tests for nonlinearity used the likelihood ratio test, compar-
ing the model with only the linear term vs the model with the
linear and cubic spline terms. The joint associations of weight
change and BMI at the age of 18 or 21 years, and that of BMI at
the age 18 or 21 years and at the age of 55 years, with inci-
dence of disease were also estimated.

Multivariable models of Poisson regression and logistic re-
gression were adjusted for age at cohort recruitment (continu-
ous), height (continuous), race (nonwhite or white), pack-
years of smoking (never smoker; past smoker with <5, 5-20,
or >20 pack-years; or current smoker with <5, 5-20, or >20 pack-
years), regular aspirin use (yes or no), status of menopause and
hormone therapy (women only: premenopausal, postmeno-
pausal and hormone therapy never use, postmenopausal and
current use, or postmenopausal and past use), parity (women
only: nulliparous, 1, 2, 3, or >4 children), physical activity
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Table 1. Baseline Characteristics of Study Participants at Age of 55 Years in the Nurses' Health Study (N = 92 837)

Weight Change Between the Ages of 18 y and 55 y?

Weight Loss >2.5 kg

Weight Loss <2.5 kg
or Gain <2.5 kg

Weight Gain Between
22.5 kg and <10.0 kg

Weight Gain Between

210.0 kg and <20.0 kg  Weight Gain 220.0 kg

No. of participants
White race

Age at cohort recruitment,
mean (SD), y

Weight at age of 18 y, mean (SD), kg
Body mass index”

At age of 18 y, mean (SD)

<22.5

22.5-25.0

>25.0
Weight at age of 55 y, mean (SD), kg
Height, mean (SD), m

6363 (7)
6254 (98)
42.7(7.2)

66.7 (11.7)

24.8 (3.9)
300 (5)
1215 (19)
4848 (76)
59.1 (9.8)
1.6 (0.1)

Physical activity, median (IQR), MET-h/wk

Quintile 1 (<2.9)
Quintile 2 (2.9-7.1)
Quintile 3 (7.2-13.1)
Quintile 4 (13.2-23.6)
Quintile 5 (223.7)
Alcohol consumption, g/d

1.3 (0.5-2.3)
4.4 (3.7-5.5)

9.9 (8.4-11.2)
17.6 (15.2-20.4)
37.6 (29.0-50.9)

10649 (11)
10428 (98)
42.7 (7.3)

58.4 (8.1)

21.9 (2.6)
2019 (19)
4224 (40)
4406 (41)

58.7 (8.1)

1.6 (0.1)

1.4 (0.6-2.3)
4.6 (3.8-5.6)
9.8 (8.2-11.3)
17.8 (15.4-20.4)
37.5(28.9-51.1)

26402 (28)
25899 (98)
427 (7.3)

56.2 (7.6)

21.0 (2.5)
9129 (35)
9950 (38)
7323 (28)

62.6 (7.8)

1.6 (0.1)

1.4 (0.7-2.3)

4.6 (3.8-5.7)

9.8 (8.3-11.3)
17.5 (15.2-20.4)
35.9(28.2-49.0)

28479 (31) 20944 (23)
27713 (97) 20171 (96)
42,6 (7.2) 425 (7.3)
55.7 (8.0) 57.4 (9.0)
20.7 2.7) 212 (3.1)
11664 (41) 7194 (34)
9365 (33) 6562 (31)
7450 (26) 7188 (34)
70.2 (8.5) 87.0 (13.9)
1.6 (0.1) 1.6 (0.1)
1.5 (0.7-2.3) 1.4 (0.6-2.2)
4.6 (3.8-5.7) 4.6 (3.7-5.8)
9.7 (8.3-11.2) 9.6 (8.1-11.2)

17.4 (15.2-20.2)
34.8 (27.9-45.4)

17.1 (15.1-20.1)
33.9(27.7-43.2)

0 1730 (27) 2600 (24) 6489 (25) 7359 (26) 6570 (31)
0.1-0.4 257 (4) 406 (4) 1082 (4) 1443 (5) 1566 (7)
0.5-1.9 1099 (17) 1812 (17) 4775 (18) 5871 (21) 4877 (23)
2.0-7.0 1358 (21) 2404 (23) 6410 (24) 7087 (25) 4548 (22)
28.0 1919 (30) 3427 (32) 7646 (29) 6719 (24) 3383 (16)
Smoking status
Never smoker 1864 (29) 4077 (38) 11335 (43) 13034 (46) 10152 (48)
Past smoker
<5 pack-years 568 (9) 1120 (11) 3033 (11) 3274 (12) 2531 (12)
5-20 pack-years 749 (12) 1468 (14) 3600 (14) 3981 (14) 3013 (14)
>20 pack-years 682 (11) 993 (9) 2581 (10) 3143 (11) 2647 (13)
Current smoker
<5 pack-years 79 (1) 142 (1) 311 (1) 296 (1) 198 (1)
5-20 pack-years 317 (5) 444 (4) 922 (3) 844 (3) 443 (2)
>20 pack-years 2104 (33) 2405 (23) 4620 (18) 3907 (14) 1960 (9)
Alternative Healthy Eating Index,2* mean (SD)¢
Quintile 1 30.9 (3.6) 31(3.4) 31.1(3.5) 31.2 (3.4) 31.1(3.5)
Quintile 2 38 (1.4) 38 (1.4) 38 (1.4) 38 (1.4) 38 (1.4)
Quintile 3 42.7 (1.3) 42.7 (1.3) 42.7 (1.3) 42.7 (1.3) 42.6 (1.3)
Quintile 4 47.9 (1.6) 47.8 (1.7) 47.7 (1.6) 47.7 (1.6) 47.7 (1.6)
Quintile 5 57.5 (5.7) 57.3 (5.4) 56.8 (5.0) 56.1 (4.6) 55.9 (4.4)
Menopause status and postmenopausal hormone use
Premenopausal 165 (3) 383 (4) 1099 (4) 1143 (4) 896 (4)
Postmenopausal and never use 2464 (39) 3827 (36) 9110 (35) 10040 (35) 7528 (36)
Postmenopausal and current use 1813 (28) 3333 (31) 8336 (32) 8818 (31) 5957 (28)
Postmenopausal and past use 1124 (18) 1725 (16) 4341 (16) 4494 (16) 3391 (16)
Missing information 797 (13) 1381 (13) 3516 (13) 3984 (14) 3172 (15)
Parity
Nulliparous 475 (7) 656 (6) 1573 (6) 1548 (5) 1079 (5)
1 Child 567 (9) 760 (7) 1855 (7) 1928 (7) 1495 (7)
2 Children 1797 (28) 2954 (28) 7158 (27) 7817 (27) 5880 (28)
3 Children 1664 (26) 2908 (27) 7256 (27) 7826 (27) 5656 (27)
24 Children 1745 (27) 3175 (30) 8133 (31) 8886 (31) 6400 (31)
Missing information 115 (2) 196 (2) 427 (2) 474 (2) 434 (2)
(continued)
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Table 1. Baseline Characteristics of Study Participants at Age of 55 Years in the Nurses' Health Study (N = 92 837) (continued)

Weight Change Between the Ages of 18 y and 55 y?

Weight Loss <2.5 kg

Weight Loss >2.5 kg  or Gain <2.5 kg

Weight Gain Between
22.5 kg and <10.0 kg

Weight Gain Between

210.0 kg and <20.0 kg  Weight Gain 220.0 kg

Aspirin use 2279 (36) 3794 (36)

Self-reported conditions
Hypertension 1270 (20) 1968 (18)
Diabetes 202 (3) 250 (2)
Hypercholesterolemia 691 (11) 1225 (12)
Cancer 211 (3) 306 (3)
Heart disease 145 (2) 180 (2)
Cholelithiasis 609 (10) 794 (7)
Severe osteoarthritis 237 (4) 366 (3)
Cataracts 78 (1) 95 (1)

Family history
Heart disease 1700 (27) 2734 (26)
Cancer 3448 (54) 5852 (55)
Diabetes 1672 (26) 2683 (25)
Hypertension 2451 (39) 4195 (39)

9290 (35) 10512 (37) 8604 (41)
6003 (23) 8832 (31) 10278 (49)
689 (3) 1200 (4) 2082 (10)
4093 (16) 5960 (21) 5389 (26)
785 (3) 965 (3) 812 (4)
481 (2) 686 (2) 730 (3)
2235 (8) 3431 (12) 4112 (20)
834 (3) 1088 (4) 924 (4)
284 (1) 303 (1) 331 (2)
6843 (26) 7587 (27) 5709 (27)
14702 (56) 15703 (55) 11454 (55)
7033 (27) 8347 (29) 7136 (34)
10996 (42) 12 454 (44) 9544 (46)

Abbreviations: IQR, interquartile range; MET, metabolic equivalent task.
2 Data are expressed as No. (%) unless otherwise indicated.
b Calculated as weight in kilograms divided by height in meters squared.

< Scores ranged from O (nonadherence to Dietary Guidelines for Americans®)
to 110 (perfect adherence); higher scores reflect a healthier dietary quality.

(in quintiles for women: <2.9, 2.9-7.1, 7.2-13.1,13.2-23.6, or 223.7
metabolic equivalent task [MET]-h/wk; and men: <8.3, 8.3-17.2,
17.3-28.6, 28.7-46.9, or =47.0 MET-h/wk), alcohol consump-
tion (women: 0, 0.1-0.4, 0.5-1.9, 2.0-7.0, or >8.0 g/d; men: 0-4,
5-9, 10-14, 15-29, or =30 g/d), dietary qualify (in quintiles of
Alternative Healthy Eating Index?'), family history, and weight
at early adulthood. All covariates were examined at the age of
55 years except for the age at cohort recruitment.

For missing data on physical activity and dietary quality,
data were imputed using median values; for missing data on
pack-years of smoking and alcohol consumption, partici-
pants were assigned to never smoker and nondrinker catego-
ries, respectively. Dummy variables were used to indicate miss-
ing data for the other covariates. The mean missing data rate
for covariates was approximately 5%. Analyses were per-
formed for all participants combined and for subgroups
(eg, participants who never smoked). Potential effect modifi-
cation by smoking status (never vs ever) was evaluated by sig-
nificance tests of the cross-product interaction terms of smok-
ing status and weight change as a continuous variable using
the Wald test.

Based on the multivariable models, several sensitivity
analyses were conducted. For the type 2 diabetes analysis,
prevalent hypertension and hyperlipidemia and related medi-
cation use were further adjusted. For the analyses of cardio-
vascular disease and mortality, prevalent type 2 diabetes, hy-
pertension, and hyperlipidemia, and medication use for high
blood pressure and lipid levels were further adjusted. For
obesity-related cancer, history of lower gastrointestinal en-
doscopy, history of physical examination, mammography
(women only), and prostate-specific antigen test (men only)
were further adjusted. In additional sensitivity analyses, use
of antidepressants and oral steroids was further adjusted
among participants with available information.

jama.com

Cohort-specific analyses were performed to generate
IRRs that were pooled together using meta-analysis. Fixed-
effects and random-effects models generated similar results.
Only results from the random-effects models are presented
given heterogeneity across the sexes. Heterogeneity was
assessed using the I statistic, where an I greater than 50%
indicated substantial heterogeneity.?” All statistical analyses
were conducted using SAS version 9.4 (SAS Institute Inc)
and R version 3.2.2 (R Foundation). All P values were based
on 2-sided tests and were considered statistically significant
at P < .05.

. |
Results

Baseline Characteristics and Weight Gain

A total of 92 837 women and 25 303 men were included in the
study. Participants were excluded if they died before the age
of 55 years; were older than the age of 55 years at cohort re-
cruitment; did not report weight at age of 18 years (for women),
age of 21 years (for men), or age of 55 years; or had an ex-
tremely low BMI (<17 for women and <18.5 for men) at the age
of 55 years (eFigure 1in the Supplement). From early to middle
adulthood, participants gained a mean (SD) of 12.6 kg (12.3 kg)
during 37 years (median, 10.9 kg; interquartile range,
4.5-18.9 kg) among women and a mean (SD) of 9.7 kg (9.7 kg)
during 34 years (median, 8.8 kg; interquartile range, 3.6-14.8 kg)
among men. Characteristics of the study participants across
categories of weight change appear in Table 1 for the NHS co-
hort and in Table 2 for the HPFS cohort. Consistently among
women and men, those who gained more weight were more
likely to be physically inactive, to be never smokers, to have
unhealthy dietary habits, and to have a higher prevalence of
chronic diseases at the age of 55 years.
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Table 2. Baseline Characteristics of Study Participants at Age of 55 Years in the Health Professionals Follow-Up Study (N = 25303)

Weight Change Between the Ages of 21 y and 55 y?

Weight Loss <2.5 kg or Weight Gain Between

Weight Gain Between

Weight Loss >2.5 kg  Gain <2.5 kg 22.5kgand <10.0kg 210.0 kg and <20.0kg Weight Gain 220.0 kg

No. of participants 1764 (7) 3500 (14) 9084 (36) 7697 (30) 3258 (13)
White race 1732 (98) 3418 (98) 8839 (97) 7477 (97) 3180 (98)
Age at cohort recruitment, 46.9 (5.0) 46.8 (5.0) 46.8 (5.0) 46.8 (5.0) 46.8 (5.0)
mean (SD), y
Weight at age of 21 y, mean (SD), kg 84.8 (12.3) 76.5 (9.6) 73.8 (9.1) 73.1 (9.9) 73.5(11.8)
Body mass index”

At age of 21y, mean (SD) 26.4 (3.4) 24.0 (2.5) 23.2(2.4) 22,7 (2.7) 22.6 (3.5)

<22.5 94 (5) 698 (20) 2949 (32) 3211 (42) 1476 (45)

22.5-25.0 355 (20) 1357 (39) 3518 (39) 2444 (32) 796 (24)

>25.0 1315 (75) 1445 (41) 2617 (29) 2042 (27) 986 (30)
Weight at age of 55 y, mean (SD), kg 77.6 (10.7) 77.0 (9.5) 80.2 (9.2) 87.3 (10.2) 100.6 (14.5)
Height, mean (SD), m 1.8 (0.1) 1.8 (0.1) 1.8 (0.1) 1.8 (0.1) 1.8 (0.1)
Physical activity, median (IQR), MET-h/wk

Quintile 1 (<8.3) 4.3(2.1-6.0) 4.2(2.1-6.2) 4.5(2.2-6.4) 4.2(2.2-6.2) 3.8(1.7-6.0)

Quintile 2 (8.3-17.2)
Quintile 3 (17.3-28.6)
Quintile 4 (28.7-46.9)
Quintile 5 (247.0)
Alcohol consumption, g/d

12.6 (10.2-15.0)
22.3(20.1-25.4)
36.7 (33.2-41.1)
69.9 (56.3-92.3)

12.4 (10.6-14.9)
22.6 (20.1-25.6)
36.6 (32.7-41.6)
67.7 (56.1-89.2)

12.7 (10.6-14.9)
22.5(19.9-25.4)
36.5(32.3-41.4)
65.4 (55.1-83.6)

12.6 (10.4-14.9)
22.2 (19.8-25.2)
35.9(32.1-40.8)
63.6 (54.0-81.4)

12.4 (10.1-15.0)
21.8 (19.7-25.1)
35.5 (31.5-40.6)
62.6 (53.0-78.1)

0-4 830 (47) 1608 (46) 4099 (45) 3656 (47) 1690 (52)
5-9 285 (16) 627 (18) 1530 (17) 1289 (17) 469 (14)
10-14 228 (13) 452 (13) 1180 (13) 908 (12) 334 (10)
15-29 264 (15) 513 (15) 1455 (16) 1110 (14) 443 (14)
230 157 (9) 300 (9) 820 (9) 734 (10) 322 (10)
Smoking status
Never smoker 923 (52) 2004 (57) 5054 (56) 3889 (51) 1528 (47)
Past smoker
<5 pack-years 154 (9) 344 (10) 799 (9) 681 (9) 308 (9)
5-20 pack-years 306 (17) 573 (16) 1630 (18) 1386 (18) 584 (18)
>20 pack-years 218 (12) 323 (9) 1011 (11) 1198 (16) 649 (20)
Current smoker
<5 pack-years 10 (1) 24 (1) 45 (1) 44 (1) 12 (<1)
5-20 pack-years 20 (1) 42 (1) 81 (1) 92 (1) 27 (1)
>20 pack-years 133 (8) 190 (5) 464 (5) 407 (5) 150 (5)
Alternative Healthy Eating Index,?* mean (SD)¢
Quintile 1 37.7 (4.7) 38.5 (4.2) 38.5 (4.2) 38.2 (4.3) 37.8 (4.5)
Quintile 2 46.8 (1.6) 46.9 (1.7) 46.8 (1.8) 46.7 (1.7) 46.7 (1.7)
Quintile 3 52.5(1.6) 52.4 (1.6) 52.4 (1.6) 52.4 (1.6) 52.3 (1.6)
Quintile 4 58.3 (1.9) 58.4 (1.9) 58.3 (1.9) 58.2 (1.8) 58.1 (1.9)
Quintile 5 68.7 (5.6) 68.4 (5.2) 67.6 (4.9) 67.2 (4.5) 66.8 (4.3)
Aspirin use 474 (27) 852 (24) 2448 (27) 2264 (29) 1041 (32)
Self-reported conditions
Hypertension 297 (17) 501 (14) 1615 (18) 1804 (23) 1136 (35)
Diabetes 63 (4) 111 (3) 202 (2) 235 (3) 209 (6)
Hypercholesterolemia 323 (18) 803 (23) 2332 (26) 2338 (30) 1064 (33)
Cancer 49 (3) 120 (3) 276 (3) 245 (3) 99 (3)
Heart diseases 104 (6) 163 (5) 384 (4) 363 (5) 199 (6)
Cholelithiasis 65 (4) 105 (3) 290 (3) 326 (4) 198 (6)
Severe osteoarthritis 61 (3) 133 (4) 296 (3) 235 (3) 106 (3)
Cataracts 26 (1) 44 (1) 107 (1) 124 (2) 53 (2)
(continued)
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Table 2. Baseline Characteristics of Study Participants at Age of 55 Years in the Health Professionals Follow-Up Study (N = 25 303) (continued)

Weight Change Between the Ages of 21 y and 55 y?

Weight Loss <2.5 kg or Weight Gain Between

Weight Gain Between

Weight Loss >2.5 kg  Gain <2.5 kg 22.5kgand <10.0kg 210.0 kgand <20.0kg Weight Gain 220.0 kg
Family history
Heart disease 645 (37) 1141 (33) 2914 (32) 2440 (32) 1016 (31)
Cancer 585 (33) 1167 (33) 3109 (34) 2472 (32) 1063 (33)
Diabetes 244 (14) 452 (13) 1234 (14) 1122 (15) 533 (16)
Hypertension 778 (44) 1387 (40) 3658 (40) 3242 (42) 1397 (43)

Abbreviations: IQR, interquartile range; MET, metabolic equivalent task.
2 Data are expressed as No. (%) unless otherwise indicated.
b Calculated as weight in kilograms divided by height in meters squared.

< Scores ranged from O (nonadherence to Dietary Guidelines for Americans®) to
110 (perfect adherence); higher scores reflect a healthier dietary quality.

Relationships Between Weight Change and Incident Rate

of Health Outcomes

Separate analyses were conducted for each health outcome af-
ter further excluding those with specific prevalent disease at
baseline (eFigure 1 in the Supplement). During a mean
follow-up of 1561919 person-years among women and 343 951
person-years among men, there were 9419 incident cases of
type 2 diabetes; 39 585 cases of hypertension; 9399 cases
of cardiovascular disease; 9767 cases of obesity-related can-
cer; 9545 cases of cholelithiasis; 3090 cases of severe osteo-
arthritis requiring hip replacement; 41 600 cases of cataracts
leading to cataract extraction; and 32 422 deaths. A total of
10 919 women (21%) and 6041 men (34%) were classified as hav-
ing the composite healthy aging outcome in 2010 when the
mean age was 76.5 (SD, 7.2) years in women and 70.9 (SD, 4.8)
years in men.

In the multivariable models with adjustment for weight
at early adulthood and other covariates, weight change from
early to middle adulthood was associated with subsequent de-
velopment of type 2 diabetes, hypertension, cardiovascular
disease, cataracts, cholelithiasis, severe osteoarthritis, and mor-
tality (P < .001 for trend for all comparisons except for severe
osteoarthritis in men, which had P = .003 for trend; Table 3 and
Table 4). Compared with participants who had maintained a
stable weight across early and middle life (reference group),
those who gained a moderate amount of weight (=2.5 kg to
<10 kg) had higher incidence of type 2 diabetes in women (ARD
per 100 000 person-years, 98; IRR, 1.89 [95% CI, 1.66-2.16])
and in men (ARD per 100 000 person-years, 111; IRR, 1.75 [95%
CI, 1.39-2.21]); hypertension in women (ARD per 100 000
person-years, 662; IRR, 1.24 [95% CI, 1.20-1.28]) and in men
(ARD per 100 000 person-years, 495; IRR, 1.21 [95% CI, 1.12-
1.31]); cardiovascular disease in women (ARD per 100 000
person-years, 61; IRR, 1.25 [95% CI, 1.15-1.35]) and in men (ARD
per 100 000 person-years, 43; IRR, 1.13 [95% CI, 0.96-1.32]).
There were similar results for CHD and stroke (eTable 1in the
Supplement). Moderate weight gain was associated with in-
creased incidence of obesity-related cancer in both women and
men (Table 3 and Table 4); such associations were not signifi-
cant for overall cancer (eTable 1in the Supplement).

Moderate weight gain was associated with increased in-
cidence of cholelithiasis and severe osteoarthritis in women
only (Table 3). Moderate weight gain was not associated with
incidence of cataracts leading to cataract extraction in either

jama.com

sex. Nevertheless, more than moderate weight gain was gen-
erally associated with increased incidence of these diseases in
both women and men. Moderate weight gain was associated
with increased mortality only in women who never smoked
(ARD per 100 000 person-years, 51; IRR, 1.07 [95% CI, 1.01-
1.13]), whereas an extreme weight gain of more than 20 kg was
associated with 393 (in women who never smoked) and 345
(in men who never smoked) additional deaths per 100 000
person-years. Weight loss was not associated with higher mor-
tality in participants who never smoked (Table 3 and Table 4).
The association of weight change with mortality was more pro-
nounced among women who never smoked than that among
those who ever smoked (P < .001 for interaction), but not
among men. The magnitude of the association with cardio-
vascular mortality was larger than with cancer mortality, and
both associations were statistically significant (eTable 2 in the
Supplement). Further adjustment of prevalence of hyperten-
sion, hypercholesterolemia, diabetes, the use of antihyper-
tensive and cholesterol-lowering medications, and cancer
screening (eTable 3 in the Supplement), or use of antidepres-
sants and oral steroids (eTable 4 in the Supplement) for se-
lected outcomes did not materially change the results.

A total of 3651 women (24%) and 2405 men (37%) who
gained a moderate amount of weight achieved the composite
healthy aging outcome, whereas 1528 women (27%) and 989
men (39%) who maintained a stable weight achieved the com-
posite healthy aging outcome. The multivariable-adjusted odds
ratio for the composite healthy aging outcome associated with
moderate weight gain was 0.78 (95% CI, 0.72-0.84) in women
and 0.88 (95% CI, 0.79-0.97) in men (Table 3 and Table 4).

The quintile analyses showed similar results for major
health outcomes (eTables 5 and 6 in the Supplement). The es-
timated increased incidence for participants with moderate
weight gain (quintile 2) and extreme weight gain (quintile 5)
compared with those who lost weight or maintained weight
(quintile 1) was comparable with that in main analyses for par-
ticipants who gained a moderate amount of weight (2.5-10.0 kg)
and those who gained an extreme amount of weight (>20 kg)
compared with those who maintained a stable weight (weight
loss <2.5 kg or gain <2.5 kg).

A monotonic increase in the risk of a composite measure
of major chronic diseases was observed throughout the range
of weight gain categories, and this increased risk started to be
statistically significant with increasing weight gain beginning
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Figure 1. Associations of Weight Gain From Early to Middle Adulthood With the Risk of a Composite Outcome Measure of Major Chronic Diseases
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Assessed from the age of 55 years to 2012. The composite outcome measure of
major chronic diseases was composed of incident cases of type 2 diabetes,
cardiovascular disease, cancer, and nontraumatic death. Among the 81603
women, 35 148 developed at least 1 of the major chronic diseases, including
14709 cases of cancer, 6888 cases of type 2 diabetes, 4317 cases of
cardiovascular disease, and 9234 nontraumatic deaths. Among the 22 394 men,
6831 developed at least 1of the major chronic diseases, including 3608 cases of
cancer, 1302 cases of type 2 diabetes, 953 cases of cardiovascular disease, and
968 nontraumatic deaths. After adjustment for age at cohort recruitment
(continuous), height (continuous), race (nonwhite or white), pack-years of
smoking (never smokers; past smoker with <5, 5-20, or >20 pack-years; and
current smoker with <5, 5-20, or >20 pack-years), regular aspirin use (yes or no),

status of menopause and hormone therapy (women only: premenopausal,
postmenopausal and hormone therapy never use, postmenopausal and current
use, or postmenopausal and past use), parity (women only: nulliparous, 1, 2, 3,
or =4 children), physical activity (in quintiles for women: <2.9, 2.9-71,7.2-131,
13.2-23.6, or =23.7 metabolic equivalent task [MET]-h/wk; and men: <8.3,
8.3-17.2,17.3-28.6, 28.7-46.9, or =47.0 MET-h/wk), alcohol consumption
(women: O, 0.1-0.4, 0.5-1.9, 2.0-7.0, or =8.0 g/d; men: 0-4, 5-9, 10-14, 15-29, or
=30 g/d), dietary qualify (Alternative Healthy Eating Index in quintiles), family
history of diabetes, cardiovascular disease, cancer, and weight at age of 18 years
in women and at age of 21years in men. IQR indicates interquartile range; error
bars, 95% Cls.

with the participants who gained 5.0 to 9.9 kg (IRR, 1.11 [95%
CI, 1.07-1.14] in women; IRR, 1.12 [95% CI, 1.03-1.21] in men;
Figure 1A and Figure 1B). Weight loss was not significantly as-
sociated with the incidence rate of a composite measure of ma-
jor chronic diseases (Figure 1). Between the ages of 55 and 75
years, 45.5% of women and 41.4% of men who gained more
than 30 kg developed at least 1 major chronic health outcome
compared with 26.8% of women and men who maintained
their weight (eFigure 2 in the Supplement).

JAMA July18,2017 Volume 318, Number 3

The associations of per 5-kg weight gain with an in-
creased incident rate of individual health outcomes and de-
creased odds of achieving the composite healthy aging out-
come appear in Figure 2. In multivariable-adjusted models,
each 5-kg weight gain was associated with increased risk of type
2 diabetes in women (ARD per 100 000 person-years, 142.6
[95% CI, 136.7 t0 148.6]) and in men (ARD per 100 000 person-
years, 151 [95% CI, 136.9 to 165.5]); hypertension in women
(ARD per 100 000 person-years, 458.8 [95% CI, 436.9 t0 480.8])
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and in men (ARD per 100 000 person-years, 495.7 [95% CI,
443.0 to 549.2]); cardiovascular disease in women (ARD per
100 000 person-years, 36.9 [95% CI, 32.2 to 41.5]) and in men
(ARD per 100 000 person-years, 45.5 [95% CI, 32.2 to 59.2]);
obesity-related cancer in women (ARD per 100 000 person-
years, 36.9 [95% CI, 32.0 to 41.8]) and in men (ARD per 100 000
person-years, 7.6 [95% CI, -0.9 to 16.3]); and mortality in
women (ARD per 100 000 person-years, 76.7 [95% CI, 69.6 to
83.9]) and in men (ARD per 100 000 person-years, 65.1 [95%
CI, 47.7 to 82.8]).

In a meta-analysis of women and men, the pooled IRR per
5-kg weight gain was 1.31(95% CI, 1.28-1.33) for type 2 diabetes
(I = 59%); 1.14 (95% CI, 1.10-1.17) for hypertension (I = 93%);
1.08 (95% CI, 1.08-1.09) for cardiovascular disease (IZ = 0%);
1.06 (95% CI, 1.02-1.09) for obesity-related cancer (I = 72%);
1.05 (95% CI, 1.04-1.07 for mortality (I? = 60%); and 1.08 (95%
CI, 1.07-1.08) for mortality among never smokers (I = 0%). The
pooled odds ratio per 5-kg weight gain was 0.83 (95% CI, 0.77-
0.89) for the composite healthy aging outcome (I = 97%). The
cubic splines of weight change with selected individual health
outcomes, including type 2 diabetes, cardiovascular disease,
cancer, and mortality appear in eFigure 3 in the Supplement.
The increased risk for developing type 2 diabetes was more pro-
nounced with higher levels of weight gain (eg, >10 kg) (P < .001
for nonlinearity).

In the joint analyses of early adulthood BMI and weight
change since early adulthood, the highest incident rate for
chronic diseases was observed in the group with the highest
BMI levels at early adulthood and the largest amount of weight
gain in both women and men (eFigure 4 in the Supplement).
These associations were independent of each other for inci-
dent rate of type 2 diabetes and cardiovascular disease (P < .001
for main effect), as well as for mortality among participants who
never smoked (P < .001 for main effect). The joint association
of BMIs at young and middle adulthood was also examined
(eFigure 5 in the Supplement). Per unit increase of BMI at
middle adulthood compared with that at early adulthood was
associated with a higher incident rate of type 2 diabetes among
both women and men (P < .001 for interaction between BMIs
at young and middle adulthood).

|
Discussion

In 2 large, long-term cohorts, weight gain from early to middle
adulthood was associated with increased risk of morbidity and
mortality, and decreased odds of achieving the composite
healthy aging outcome among women and men, independent
of weight at early adulthood. Weight gain as little as 5 kg was
associated with significantly elevated incidence of a compos-
ite measure of major chronic diseases, consisting of type 2 dia-
betes, cardiovascular disease, cancer, and nontraumatic death.

The adverse metabolic effects of excess adiposity are
known to increase the risk of cardiometabolic disease. The pro-
posed mechanisms include the development of dyslipidemia
and insulin resistance, enhanced secretion of proinflamma-
tory cytokines,® and overactivation of the sympathetic ner-
vous system.?® Weight gain is associated with most meta-
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Figure 2. Associations of Weight Gain From Early to Middle Adulthood
With Risk of Individual Health Outcomes
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After adjustment for age at cohort recruitment (continuous), height
(continuous), race (nonwhite or white), pack-years of smoking (never smokers;
past smoker with <5, 5-20, or >20 pack-years; and current smoker with <5, 5-20,
or >20 pack-years), regular aspirin use (yes or no), status of menopause and
hormone therapy (women only: premenopausal, postmenopausal and never
use, postmenopausal and current use, or postmenopausal and past use), parity
(women only: nulliparous, 1, 2, 3, or =4 children), physical activity (in quintiles
for women: <2.9, 2.9-71, 7.2-131, 13.2-23.6, or =23.7 metabolic equivalent task
[MET]-h/wk; and men: <8.3, 8.3-17.2,17.3-28.6, 28.7-46.9, or =47.0 MET-h/wk),
alcohol consumption (women: O, 0.1-0.4, 0.5-1.9, 2-7, or =8 g/d; men: 0-4, 5-9,
10-14,15-29, or =30 g/d), dietary qualify (Alternative Healthy Eating Index in
quintiles), family history of respective diseases and weight at age of 18 years in
women and at age of 21 years in men. Obesity-related cancer includes the
esophagus (adenocarcinoma only), colon and rectum, pancreas, breast (after
menopause, women only), endometrium (women only), ovaries (women only),
prostate (advanced only, men only), kidney, liver, and gallbladder.

2 A composite healthy aging outcome was defined as being free of 11 chronic

diseases and major cognitive or physical impairment. Expressed as odds ratio
(95% Cl) per 5-kg weight gain.

bolic conditions.® In the current study, the magnitude of
associated risk varied for specific disorders, and the stron-
gest direct association was seen for type 2 diabetes, followed
by cholelithiasis and hypertension.

The associations with adiposity may vary according to
characteristics of cancer; breast, endometrium, colon and
rectum, kidney, pancreas, esophagus, gallbladder, ovaries,
thyroid, and possibly prostate are classified as types of obesity-
related cancer.?° In the current study, most women were post-
menopausal and not receiving hormonal therapy, and a di-
rect association of adulthood weight change with cancer and
obesity-related cancer (in which breast cancer was the major
contribution) was observed in women (especially those who
never smoked). In men, the association with risk of cancer (in
which colorectal cancer and advanced prostate cancer were the
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main components) was less clear, possibly in part due to a
smaller sample size. For colorectal cancer, the association with
early adulthood adiposity was particularly important, and a
substantial increase in risk was seen in men who were over-
weight during early adulthood and subsequently gained the
most weight (IRR, 3.5; 95% CI, 1.5-8.3). This finding is consis-
tent with previous reports of weight trajectories?® and weight
gain®° on obesity-related cancer.

Worldwide, osteoarthritis is one of the leading causes of
disability® and cataracts are the principal cause of blindness
and visual impairment.>? The current study indicated that
weight gain from early to middle adulthood was associated with
increased risk of severe hip osteoarthritis and clinically sig-
nificant cataracts leading to extraction. To the best of our
knowledge, this is the first cohort study on early- to middle-
life weight change and risk of clinically significant cataracts
leading to extraction.

In the current cohorts of women and men, adulthood
weight gain was associated with lower odds of the composite
healthy aging outcome later in life, defined by a full spectrum
of morbidity and functional outcomes. These findings con-
firm previous results from smaller studies of weight change
and a decreased probability of achieving the composite healthy
aging outcome,?? and those reporting adiposity was associ-
ated with individual components such as cognitive decline,*?
physical limitations,>* and impaired health-related quality of
life.3> Such data provide strong evidence that maintaining a
healthy weight throughout early and middle adulthood is as-
sociated with overall health in those who survive to older ages.

Compared with the current study linking weight gain with
mortality, many previous studies have reported no effect of
weight gain on mortality,®® or linked weight loss to a higher
risk of death.?” Confounding by smoking and reverse causa-
tion (ie, weight loss due to chronic conditions) may have con-
tributed to those findings. By assessing weight change from
the ages of 18 or 21 years to the age of 55 years, the current study
attempted to capture the changes in fat mass during adult-
hood before the major age-related loss of muscle mass starts,
and to minimize reverse causation due to ill health. In the cur-
rent study, the analyses were repeated among never smokers
only, in which the monotonic direct association of adulthood
weight change with the risk of death was strengthened in
women (P < .001 for interaction). Adulthood weight loss was
not related to a higher mortality rate. In addition, a higher BMI
at early adulthood and subsequent weight gain were indepen-
dently associated with increased mortality later in life.

This study has several strengths. The large sample size,
regular follow-up of study participants, and detailed re-
peated assessment of lifestyle factors provided high statisti-
cal power to examine various major health outcomes. The ad-
vantage of focusing on weight gain throughout adult life is
that it primarily reflects the accumulation of excess adiposity
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from early to middle adulthood, which is often ignored by in-
dividuals and their physicians because the consequences of
modest weight accumulation may not yet be apparent. Both
the NHS and the HPFS have collected detailed, validated,* and
repeated assessments of self-reported weight and lifestyle
factors, allowing careful control for potential confounding fac-
tors. Also, a subgroup analysis was conducted among partici-
pants who never smoked when analyzing cancer and mortal-
ity to avoid confounding by smoking status.

This study also has several limitations. First, weight at early
adulthood was recalled at alater age. Although validation stud-
ies suggested good validity (correlation coefficients between
recalled and measured weight were 0.87 in women and 0.80
in men, and the difference in means were 1.4 kg in women and
1.3 kg in men),'*-3® some misclassifications of weight change
were inevitable. Because the weight data were collected be-
fore the study outcomes, such misclassification was likely non-
differential and thus, the true associations might have been
underestimated. Furthermore, the magnitude of weight gain
from early to middle adulthood observed in our cohorts is com-
parable with that in the general US population (eg, the weight
gains during the corresponding life course in women and men
in the National Health and Nutrition Examination Survey>°
were both about 10 kg). Nevertheless, the potential for sys-
tematic error in the assessment of weight change needs to be
considered, especially considering that individuals tend to un-
derreport their weight. It is possible that our findings might
have exaggerated the true risks associated with the mea-
sured weight change from early to middle adulthood.

Second, the participants were all health professionals and
were mostly white. The homogeneity of health care access and
socioeconomic status helps to minimize confounding and en-
hances the internal validity, but the results might not be gen-
eralizable to all populations. Third, the risk of chronic dis-
eases and mortality was not assessed in relation to changes in
waist circumference, a marker of abdominal adiposity. Fourth,
given that multiple outcomes were analyzed in this study, a
chance finding could not be completely ruled out. Fifth, 2 of
the calculated I? values for outcomes (93% for hypertension
and 97% for the composite healthy aging outcome) were at very
high levels, indicating that pooled analyses may have been sta-
tistically inappropriate and thus the results should be inter-
preted for men and women separately.

. |
Conclusions

In these cohorts of health professionals, weight gain during
adulthood was associated with significantly increased risk of
major chronic diseases and decreased odds of healthy aging.
These findings may help counsel patients regarding the risks
of weight gain.

Development, School of Life Sciences, Fudan
University, Shanghai, China (Zheng); Department of
Epidemiology, Harvard T. H. Chan School of Public
Health, Boston, Massachusetts (Manson, Grodstein,
Stampfer, Willett, Hu); Channing Division of

jama.com

© 2017 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwor k.com/ on 08/26/2022


http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2017.7092

Weight Gain During Adulthood and Major Health Outcomes Later in Life

Network Medicine, Brigham and Women's Hospital,
Harvard Medical School, Boston, Massachusetts
(Manson, Grodstein, Stampfer, Willett, Hu); Division
of Preventive Medicine, Brigham and Women's
Hospital, Harvard Medical School, Boston,
Massachusetts (Manson); Department of Health
Policy and Management, Harvard T. H. Chan School
of Public Health, Boston, Massachusetts (Liang);
Division of Rheumatology, Immunology, and
Allergy, Brigham and Women's Hospital, Harvard
Medical School, Boston, Massachusetts (Liang);
Department of Medicine, Brigham and Women's
Hospital, Harvard Medical School, Boston,
Massachusetts (Liang); Section of Rheumatology,
VA Boston Healthcare System, Boston,
Massachusetts (Liang).

Author Contributions: Drs Zheng and Hu had full
access to all of the data in the study and take
responsibility for the integrity of the data and the
accuracy of the data analysis.

Concept and design: Manson, Liang, Grodstein,
Willett, Hu.

Acquisition, analysis, or interpretation of data:
Zheng, Manson, Yuan, Liang, Stampfer, Willett, Hu.
Drafting of the manuscript: Zheng, Liang.

Critical revision of the manuscript for important
intellectual content: Manson, Yuan, Liang,
Grodstein, Stampfer, Willett, Hu.

Statistical analysis: Zheng, Yuan.

Obtained funding: Hu.

Administrative, technical, or material support:
Manson, Liang, Grodstein, Willett.

Supervision: Manson, Stampfer, Hu.

Conflict of Interest Disclosures: The authors have
completed and submitted the ICMJE Form for
Disclosure of Potential Conflicts of Interest and
none were reported.

Funding/Support: The cohorts were supported by
grants UM1 CA186107, PO1 CA87969, and UM1
CA167552 from the National Institutes of Health.
The current study was supported by grant
HLO34595 from the National Heart, Lung, and
Blood Institute and grant DK46200 from the
National Institute of Diabetes and Digestive and
Kidney Diseases. Dr Zheng was supported by
fellowship 7-12-MN-34 from the American Diabetes
Association.

Role of the Funder/Sponsor: The National
Institutes of Health had no role in the design,
conduct, analysis, or reporting of this study.

The funding sources did not participate in the
design and conduct of the study; collection,
management, analysis, and interpretation of the
data; preparation, review, or approval of the
manuscript; and decision to submit the manuscript
for publication.

Additional Contributions: We thank the
participants and staff of the Nurses’ Health Study
and the Health Professionals Follow-Up Study for
their valuable contributions as well as the following
state cancer registries for their help: Alabama,
Arizona, Arkansas, California, Colorado,
Connecticut, Delaware, Florida, Georgia, Idaho,
lllinois, Indiana, lowa, Kentucky, Louisiana, Maine,
Maryland, Massachusetts, Michigan, Nebraska,
New Hampshire, New Jersey, New York,

North Carolina, North Dakota, Ohio, Oklahoma,
Oregon, Pennsylvania, Rhode Island, South
Carolina, Tennessee, Texas, Virginia, Washington,
and Wyoming.

jama.com

REFERENCES

1. World Health Organization. Obesity.
http://www.who.int/gho/ncd/risk_factors/obesity
_text/en/. Accessed August 14, 2016.

2. World Health Organization. Obesity and
overweight. http://www.who.int/mediacentre
/factsheets/fs311/en/. Accessed August 6, 2016.

3. Hruby A, Manson JE, QiL, et al. Determinants
and consequences of obesity. Am J Public Health.
2016;106(9):1656-1662.

4. Hutfless S, Maruthur NM, Wilson RF, et al.
Strategies to Prevent Weight Gain Among Adults.
Rockville, MD: Agency for Healthcare Research and
Quality; 2013.

5. Hu FB, ed. Obesity Epidemiology. New York, NY:
Oxford University Press; 2008.

6. Maclure KM, Hayes KC, Colditz GA, et al. Weight,
diet, and the risk of symptomatic gallstones in
middle-aged women. N Engl J Med.1989;321(9):
563-569.

7. Song M, Hu FB, Spiegelman D, et al. Adulthood
weight change and risk of colorectal cancer in the
Nurses' Health Study and Health Professionals
Follow-up Study. Cancer Prev Res (Phila). 2015;8(7):
620-627.

8. Sheehan TJ, DuBrava S, DeChello LM, Fang Z.
Rates of weight change for black and white
Americans over a twenty year period. Int J Obes
Relat Metab Disord. 2003;27(4):498-504.

9. US Departments of Health and Human Services
and Agriculture. Dietary Guidelines for Americans:
2015-2020. https://health.gov/dietaryguidelines
/2015/guidelines/. Accessed June 19, 2017.

10. BaoYY, Bertoia ML, Lenart EB, et al. Origin,
methods, and evolution of the three Nurses' Health
studies. Am J Public Health. 2016;106(9):1573-1581.

11. Rimm EB, Giovannucci EL, Willett WC, et al.
Prospective study of alcohol consumption and risk
of coronary disease in men. Lancet. 1991;338
(8765):464-468.

12. Rimm EB, Stampfer MJ, Colditz GA, et al.
Validity of self-reported waist and hip
circumferences in men and women. Epidemiology.
1990;1(6):466-473.

13. Troy LM, Hunter DJ, Manson JE, et al.

The validity of recalled weight among younger
women. Int J Obes Relat Metab Disord. 1995;19(8):
570-572.

14. Willett WC, ed. Nutritional Epidemiology.
New York, NY: Oxford University Press; 1998.

15. Colditz GA, Martin P, Stampfer MJ, et al.
Validation of questionnaire information on risk
factors and disease outcomes in a prospective
cohort study of women. Am J Epidemiol. 1986123
(5):894-900.

16. Hu FB, Manson JE, Stampfer MJ, et al. Diet,
lifestyle, and the risk of type 2 diabetes mellitus in
women. N Engl J Med. 2001;345(11):790-797.

17. Leitzmann MF, Rimm EB, Willett WC, et al.
Recreational physical activity and the risk of
cholecystectomy in women. N Engl J Med. 1999;341
(11):777-784.

18. Karlson EW, Mandl LA, Aweh GN, et al. Total hip

replacement due to osteoarthritis. Am J Med. 2003;

14(2):93-98.

19. Weintraub JM, Willett WC, Rosner B, et al.
A prospective study of the relationship between

Original Investigation Research

body mass index and cataract extraction among US
women and men. Int J Obes Relat Metab Disord.
2002;26(12):1588-1595.

20. National Cancer Institute. Obesity and cancer.
https://www.cancer.gov/cancertopics/factsheet
/Risk/obesity. Accessed August 24, 2016.

21. Chiuve SE, Fung TT, Rimm EB, et al. Alternative
dietary indices both strongly predict risk of chronic
disease. J Nutr. 2012;142(6):1009-1018.

22. Rowe JW, Kahn RL. Successful aging.
Gerontologist. 1997;37(4):433-440.

23. Sun Q, Townsend MK, Okereke Ol, et al.
Adiposity and weight change in mid-life in relation
to healthy survival after age 70 in women. BMJ.
2009;339:b3796.

24. Eliassen AH, Colditz GA, Rosner B, et al. Adult
weight change and risk of postmenopausal breast
cancer. JAMA. 2006;296(2):193-201.

25. Ahn J, Schatzkin A, Lacey JV Jr, et al. Adiposity,
adult weight change, and postmenopausal breast
cancer risk. Arch Intern Med. 2007;167(19):2091-2102.

26. Durrleman S, Simon R. Flexible regression
models with cubic splines. Stat Med. 1989;8(5):551-
561.

27. Higgins JP, Thompson SG, Deeks JJ, Altman DG.
Measuring inconsistency in meta-analyses. BMJ.
2003;327(7414):557-560.

28. Canale MP, Manca di Villahermosa S, Martino G,
et al. Obesity-related metabolic syndrome. Int J
Endocrinol. 2013;2013:865965.

29. Song M, Willett WC, Hu FB, et al. Trajectory of
body shape across the lifespan and cancer risk. Int J
Cancer. 2016;138(10):2383-2395.

30. Keum N, Greenwood DC, Lee DH, et al. Adult
weight gain and adiposity-related cancers. J Nat/
Cancer Inst. 2015;107(2):djvO88.

31. Cross M, Smith E, Hoy D, et al. The global
burden of hip and knee osteoarthritis. Ann Rheum
Dis. 2014;73(7):1323-1330.

32. Centers for Disease Control and Prevention.
Common eye disorders. https://www.cdc.gov
/visionhealth/basics/ced/index.html. Accessed
September 1, 2016.

33. Prickett C, Brennan L, Stolwyk R. Examining the
relationship between obesity and cognitive
function. Obes Res Clin Pract. 2015;9(2):93-113.

34. Alley DE, Chang VW. The changing relationship
of obesity and disability, 1988-2004. JAMA. 2007;
298(17):2020-2027.

35. Pan A, Kawachil, Luo N, et al. Changes in body
weight and health-related quality of life: 2 cohorts
of US women. Am J Epidemiol. 2014;180(3):254-262.

36. Allman-Farinelli M. Body mass index and
mortality. Am J Epidemiol. 2014;179(2):145-146.

37. Strand BH, Wills AK, Langballe EM, et al. Weight
change in midlife and risk of mortality from
dementia up to 35 years later. J Gerontol A Biol Sci
Med Sci. 2017;72(6):855-860.

38. Rhoads GG, Kagan A. The relation of coronary
disease, stroke, and mortality to weight in youth
and in middle age. Lancet. 1983;1(8323):492-495.

39. McDowell MA, Fryar CD, Ogden CL, Flegal KM.
Anthropometric reference data for children and
adults. Natl Health Stat Report. 2008;10(10):1-48.

JAMA July18,2017 Volume 318, Number 3

© 2017 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwor k.com/ on 08/26/2022

269


http://www.who.int/gho/ncd/risk_factors/obesity_text/en/
http://www.who.int/gho/ncd/risk_factors/obesity_text/en/
http://www.who.int/mediacentre/factsheets/fs311/en/
http://www.who.int/mediacentre/factsheets/fs311/en/
https://www.ncbi.nlm.nih.gov/pubmed/27459460
https://www.ncbi.nlm.nih.gov/pubmed/27459460
https://www.ncbi.nlm.nih.gov/pubmed/2761600
https://www.ncbi.nlm.nih.gov/pubmed/2761600
https://www.ncbi.nlm.nih.gov/pubmed/25930050
https://www.ncbi.nlm.nih.gov/pubmed/25930050
https://www.ncbi.nlm.nih.gov/pubmed/12664083
https://www.ncbi.nlm.nih.gov/pubmed/12664083
https://health.gov/dietaryguidelines/2015/guidelines/
https://health.gov/dietaryguidelines/2015/guidelines/
https://www.ncbi.nlm.nih.gov/pubmed/27459450
https://www.ncbi.nlm.nih.gov/pubmed/1678444
https://www.ncbi.nlm.nih.gov/pubmed/1678444
https://www.ncbi.nlm.nih.gov/pubmed/2090285
https://www.ncbi.nlm.nih.gov/pubmed/2090285
https://www.ncbi.nlm.nih.gov/pubmed/7489028
https://www.ncbi.nlm.nih.gov/pubmed/7489028
https://www.ncbi.nlm.nih.gov/pubmed/3962971
https://www.ncbi.nlm.nih.gov/pubmed/3962971
https://www.ncbi.nlm.nih.gov/pubmed/11556298
https://www.ncbi.nlm.nih.gov/pubmed/10477775
https://www.ncbi.nlm.nih.gov/pubmed/10477775
https://www.ncbi.nlm.nih.gov/pubmed/12586227
https://www.ncbi.nlm.nih.gov/pubmed/12586227
https://www.ncbi.nlm.nih.gov/pubmed/12461675
https://www.ncbi.nlm.nih.gov/pubmed/12461675
https://www.cancer.gov/cancertopics/factsheet/Risk/obesity
https://www.cancer.gov/cancertopics/factsheet/Risk/obesity
https://www.ncbi.nlm.nih.gov/pubmed/22513989
https://www.ncbi.nlm.nih.gov/pubmed/9279031
https://www.ncbi.nlm.nih.gov/pubmed/19789407
https://www.ncbi.nlm.nih.gov/pubmed/19789407
https://www.ncbi.nlm.nih.gov/pubmed/16835425
https://www.ncbi.nlm.nih.gov/pubmed/17954804
https://www.ncbi.nlm.nih.gov/pubmed/2657958
https://www.ncbi.nlm.nih.gov/pubmed/2657958
https://www.ncbi.nlm.nih.gov/pubmed/12958120
https://www.ncbi.nlm.nih.gov/pubmed/12958120
https://www.ncbi.nlm.nih.gov/pubmed/24288531
https://www.ncbi.nlm.nih.gov/pubmed/24288531
https://www.ncbi.nlm.nih.gov/pubmed/26704725
https://www.ncbi.nlm.nih.gov/pubmed/26704725
https://www.ncbi.nlm.nih.gov/pubmed/25757865
https://www.ncbi.nlm.nih.gov/pubmed/25757865
https://www.ncbi.nlm.nih.gov/pubmed/24553908
https://www.ncbi.nlm.nih.gov/pubmed/24553908
https://www.cdc.gov/visionhealth/basics/ced/index.html
https://www.cdc.gov/visionhealth/basics/ced/index.html
https://www.ncbi.nlm.nih.gov/pubmed/25890426
https://www.ncbi.nlm.nih.gov/pubmed/17986695
https://www.ncbi.nlm.nih.gov/pubmed/17986695
https://www.ncbi.nlm.nih.gov/pubmed/24966215
https://www.ncbi.nlm.nih.gov/pubmed/24173547
https://www.ncbi.nlm.nih.gov/pubmed/27510654
https://www.ncbi.nlm.nih.gov/pubmed/27510654
https://www.ncbi.nlm.nih.gov/pubmed/6131209
https://www.ncbi.nlm.nih.gov/pubmed/25585443
http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2017.7092

