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Using data from the National Institutes of Health-AARP Diet and Health Study, we evaluated the influence of

adulthood weight history on mortality risk. The National Institutes of Health-AARP Diet and Health Study is an ob-

servational cohort study of US men and women who were aged 50–71 years at entry in 1995–1996. This analysis

focused on 109,947 subjects who had never smoked and were younger than age 70 years. We estimated hazard

ratios of total and cause-specific mortality for recalled body mass index (BMI; weight (kg)/height (m)2) at ages 18,

35, and 50 years; weight change across 3 adult age intervals; and the effect of first attaining an elevated BMI at 4

successive ages. During 12.5 years’ follow-up through 2009, 12,017 deaths occurred. BMI at all ages was positively

related to mortality. Weight gain was positively related to mortality, with stronger associations for gain between ages

18 and 35 years and ages 35 and 50 years than between ages 50 and 69 years. Mortality risks were higher in per-

sons who attained or exceeded a BMI of 25.0 at a younger age than in persons who reached that threshold later in

adulthood, and risks were lowest in persons who maintained a BMI below 25.0. Heavier initial BMI and weight gain

in early to middle adulthood strongly predicted mortality risk in persons aged 50–69 years.

body mass index; body weight; mortality; obesity; weight gain; weight loss

Abbreviations: BMI, body mass index; CDC, Centers for Disease Control and Prevention; CVD, cardiovascular disease; HR,

hazard ratio; ICD-9, International Classification of Diseases, Ninth Revision; ICD-10, International Classification of Diseases,

Tenth Revision.

Editor’s note: An invited commentary on this article
appears on page 145, and the authors’ response appears
on page 147.

In the United States, the body mass of adolescents and
adults of all ages has been increasing for the past 2 decades
(1, 2). Because high body mass tends to persist from adoles-
cence to adulthood (3) and people tend to gain weight over
most of the life span (4, 5), a high proportion of the current
generation of children and young adults will probably carry
excess weight for many decades.

Excess body mass in adolescence (6) and young adulthood
(7–9) is associated with increased mortality risk. Moreover,
studies comparing relationships between bodymass andmor-
tality in 2 (10–15) or more (16, 17) different age periods in

adulthood have found that body mass index (BMI; weight
(kg)/height (m)2) at younger ages more strongly predicts mor-
tality than does BMI at older ages. One explanation is that
people who attain and maintain a high relative weight in
early adulthood carry excess weight longer than those who
become heavy only later in life and will consequently expe-
rience more of the adverse metabolic effects of excess weight
(18).

Given that excess body mass is associated with mortality,
particularly excess body mass in early to middle adulthood, it
would be expected that weight gain would be associated with
risk of death. However, several studies have found that weight
gain is unrelated to mortality (12, 19–29) or is only equivo-
cally associated with mortality (27, 30–32). Some of these
studies are limited by lack of sufficient statistical power to de-
tect a relationship; few evaluate weight gain over specific
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periods of the life span; and most consider only a single
weight-gain interval, often extending into advanced age. Be-
cause weight gain may be less adverse in older persons (18),
because body mass in older age may be influenced by pre-
existing disease, or because body composition may be more
important in older persons, these weight-gain results are dif-
ficult to interpret. Considering weight change across younger
age intervals may have the advantage of reducing the poten-
tially confounding influence of preexisting disease on the as-
sociation between weight change and risk of death (14).
In this study, we addressed these issues by evaluating body

mass and weight change at multiple time points spanning
early, middle, and late adulthood. The National Institutes of
Health-AARP cohort is sufficiently large to allow us to ad-
dress biases due to smoking by restricting the analysis to
never smokers while retaining sufficient numbers of subjects
to examine the joint relationships between body mass and
weight change over 3 age intervals. We further extended pre-
vious research (33) by examining average BMI over the
course of early to middle adulthood as a measure of cumula-
tive exposure and explicitly considered the influence of the
age at which a healthy BMI was first exceeded.

MATERIALS AND METHODS

Study population

The National Institutes of Health-AARP Diet and Health
Study is composed of men and women living in 6 US states
and 2 metropolitan areas. A self-administered baseline ques-
tionnaire was mailed to 3.5 million members of AARP (for-
merly the American Association of Retired Persons) aged
50–71 years in 1995–1996, with an initial cohort size of
566,402. The baseline questionnaire included current height
and weight. Six months later, a second questionnaire seeking
information on height and weight at earlier ages and on other
variables was sent to persons who responded to the baseline
questionnaire. From a starting population of 334,908 men
and women who completed both questionnaires, we restricted
the data set to the 118,823 who reported never smoking. We
excluded subjects whose questionnaires were completed by a
surrogate respondent (n = 3,373) and subjects who reported
extremely high values for alcohol consumption (more than
3 standard deviations above the 75th percentile (n = 766))
or provided no weight or height data (n = 509). Finally, to en-
sure that no individual had an age interval greater than 20
years for the analysis of weight change between age 50
years and study baseline, we excluded subjects aged 70
years or more (n = 4,228). The remaining 109,947 partici-
pants (53,126 men and 56,821 women) comprised our ana-
lytical cohort.

Cohort follow-up

Cohort members were followed for vital status from the re-
turn date of the second questionnaire in 1996–1997 through
December 31, 2009. Vital status was ascertained by annual
linkage of the cohort to the Social Security Administration
DeathMaster File, which contains information on all deaths oc-
curring in the United States (34). The design and maintenance

of this cohort have been described previously (35, 36). All
study participants provided written informed consent, and
the National Institutes of Health-AARP Diet and Health
Study was approved by the Special Studies Institutional Re-
view Board of the US National Cancer Institute.

Causes of death

Cause of death was obtained through linkage to the Na-
tional Death Index Plus, using International Classification
of Diseases, Ninth Revision (ICD-9), and International Clas-
sification of Diseases, Tenth Revision (ICD-10), codes for
death certificate underlying cause of death. The codes were
initially grouped using the National Center for Health Statis-
tics’ “113 selected causes of death” (37, 38) and then further
consolidated to create broad categories, as follows: cancer
(ICD-9 codes 140–239; ICD-10 codes C00–C97 and D00–
D48), cardiovascular disease (CVD) (ICD-9 codes 390–398,
401–404, 410–429, and 440–448; ICD-10 codes I00–I13,
I20–I51, and I70–I78), and stroke (ICD-9 codes 430–438;
ICD-10 codes I60–I69). All other codes were considered
together.

Assessment of BMI and weight change

Data on current height and weight, health status, smoking
habits, race/ethnicity, physical activity, alcohol consumption,
and recalled height at age 18 years and weight at ages 18, 35,
and 50 years were collected by questionnaire. We created
BMI variables for 3 distinct ages (18, 35, and 50 years) and
for the weighted average of BMI at ages 18, 35, and 50 years.
BMI categories were nested within broad, generally accepted
weight classifications (39), including underweight (<18.5), 2
categories of normal weight (18.5–22.4 (referent) and 22.5–
24.9), 2 categories of overweight (25.0–27.4 and 27.5–29.9),
and 2 categories of obesity (30.0–32.4 and ≥32.5). The BMI
categories were constructed to: 1) reflect the weight distribu-
tions of the study population at ages 18, 35, and 50 years; 2)
create large, statistically stable groups; and 3) incorporate es-
tablished BMI cutpoints. For example, at age 18 years, most
subjects had a BMI in the normal or underweight category
and relatively few (1.4%) had a BMI in the obese range. In
contrast, at age 50 years, sufficient numbers of subjects had
an obese BMI to allow the creation of 2 obesity categories.
The leaner category in the normal BMI range was chosen
as the referent BMI category. For an alternative analysis of
BMI at age 18 years, we calculated BMI percentiles using
the Centers for Disease Control and Prevention (CDC) sex-
specific BMI-for-age growth charts for children (40) and cat-
egorized these values according to the CDC-recommended
cutpoints.
Weight-change categories were created for 3 age intervals

spanning adulthood: ages 18–35 years, ages 35–50 years, and
ages 50–69 years (i.e., self-reported weight from the baseline
questionnaire). In contrast to the 2 younger age intervals, the
width of the 50- to 69-year interval differed according to the
subject’s age at entry (maximum age at baseline ques-
tionnaire = 69.9 years; average age = 61.9 years (standard de-
viation, 5.2)). As described above, we truncated the study
population age limit slightly to ensure that the weight-change
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interval at older ages was no more than 20 years in duration,
to provide greater comparability with the younger age inter-
vals. Aweight change of 0.2 kg/year or less during an age in-
terval was defined as stable weight, and this category served
as the referent group. Health status was evaluated using sub-
jects’ responses to the question, “Would you say your health
in general is: ——?,” with 5 response categories ranging from
poor to excellent.

Data analysis

Multivariate hazard ratios for mortality were estimated
using Cox regression analysis (41), with age at return of the
second questionnaire used as the underlying time metric. On
average, the time between return of the baseline questionnaire
and return of the second questionnaire was 0.57 years (stan-
dard deviation, 0.19). Age-adjusted mortality rates were cal-
culated using the Mantel-Haenszel method. We estimated
associations for BMI at ages 18, 35, and 50 years, average
BMI from early adulthood to middle adulthood (as a measure
of cumulative body mass), and weight change over 3 consec-
utive age intervals of 18–35 years, 35–50 years, and 50 years
to study entry (ages 50–69 years). Subjects who died but had
no available information on underlying cause of death were
excluded from cause-specific analyses (n = 1,706). Subjects
who were missing body weight data were excluded on an
analysis-specific basis. To examine the potential influence
of illness on body weight, we stratified analyses of weight
change from age 50 years to age 69 years according to self-
reported health status. All models adjusted for race/ethnicity,
education, physical activity, and alcohol consumption at
study entry. Analyses combining men and women included
adjustment for gender. Weight-change models additionally
adjusted for initial BMI (i.e., BMI at the beginning of the
weight-change age interval) and recalled height at age 18
years. Our final analysis considered the influence of long-
term excess weight by estimating risks based on the youngest

age at which participants reported having a BMI of 25.0 or
higher, compared with a referent group that maintained a
BMI below 25.0 in all 4 age periods (this analysis included
BMI at study entry).

RESULTS

During 12.5 years’ follow-up, on average, 12,017 deaths
occurred: 6,635 in men and 5,382 in women. Subjects tended
to be lean at age 18 years (Table 1) but to gain considerable
weight over the 18–35 and 35–50 age intervals (Table 2).
Weight gain was highest in the youngest age interval and low-
est in the oldest age interval. Relatively large proportions of
subjects lost weight during the 50–69 age interval, particu-
larly those reporting poor or fair health (16.9%). Subjects
with a less optimal health status appeared more likely to lose
weight and less likely to maintain stable weight or avoid
weight gain than those in better health. Nearly half of the sub-
jects (48.6%) reported regularly engaging in leisure-time
physical activity (activity that lasted at least 20 minutes and
caused either sweating or increases in breathing or heart rate)
3 or more times per week, whereas only 15.8% reported
rarely or never doing so.

BMI at age 18 years was strongly positively related to total
mortality in men and women (Table 3). Total mortality risk
was elevated in all categories above the lean referent group
(BMI 18.5–22.4), including the upper-normal weight cate-
gory (BMI 22.5–24.9), and further increased in the heavier
BMI categories. Similarly, mortality risk was greater in the
2 upper CDC-defined BMI percentile-for-age categories.
Weighted average BMI was strongly associated with mortal-
ity in both men and women. Comparing hazard ratios for a
given BMI category at ages 18, 35, and 50 years, associations
were strongest for BMI at age 18 years and then declined
somewhat with increasing age, although there was often con-
siderable overlap in confidence intervals. For example, haz-
ard ratios for a BMI of 25.0–27.4 at ages 18, 35, and 50 years

Table 1. Distribution of Never Smokers According to Body Mass Indexa at Various Ages (n = 109,947), National

Institutes of Health-AARP Diet and Health Study, 1996–2009

BMI Category

BMI at Age
18 Years

BMI at Age
35 Years

BMI at Age
50 Years

Average BMIb

No. % No. % No. % No. %

<18.5 14,839 13.5 2,526 2.3 1,120 1.0 14,198 1.4

18.5–22.4 57,340 52.2 39,504 35.9 22,050 20.1 37,363 34.0

22.5–24.9 16,967 15.4 29,261 26.6 28,274 25.7 31,121 28.3

25.0–27.4 6,796 6.2 19,148 17.4 26,384 24.0 15,955 14.5

27.5–29.9 (≥27.5c) 3,218 2.9 6,448 5.9 11,612 10.6 6,183 5.6

30.0–32.4 (≥30.0d) 5,446 5.0 6,646 6.0 3,630 3.3

≥32.5 7,140 6.5

Missing data 10,787 9.8 7,614 6.9 6,721 6.1 14,197 12.9

Abbreviation: BMI, body mass index.
a Weight (kg)/height (m)2.
b Average BMI was calculated as the weighted average of BMIs at 18, 35, and 50 years of age.
c Subjects with a BMI of ≥27.5 were combined into a single category.
d Subjects with a BMI of ≥30.0 were combined into a single category.
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were 1.40, 1.14, and 1.11, respectively, in men and 1.52,
1.45, and 1.24, respectively, in women. Age-adjusted mortal-
ity rates for a BMI in the 18.5–22.4 referent group were stable
across the 3 age periods. Age-adjusted total mortality rates in-
creased with BMI category within each age period and gen-
der. Because the overall relationships appeared similar in
men and women, the genders were combined in subsequent
analyses. BMI at ages 18, 35, and 50 years was associated
with mortality for each of the 4 cause-of-death groupings
(see Web Table 1, available at http://aje.oxfordjournals.org/).
The strongest associations were observed for CVD-related
deaths. The hazard ratio for a mildly overweight BMI (25.0–
27.4) at age 18 years was 1.65, and the risk increased to 2.42
for a BMI of 27.5 or more.
We evaluated the relationships between weight change and

total mortality over 3 successive age intervals, combining
men and women (Table 4). Weight gain was strongly associ-
ated with mortality in the 18–35 and 35–50 age intervals,
with risk increasing at each increment of weight gain. In con-
trast, in the 50–69 age interval, mild weight gain of >0.2–
0.6 kg/year was associated with slightly lower risk (hazard
ratio (HR) = 0.91) and higher weight gain of >1 kg/year
was associated with only modestly increased risk (HR = 1.17).
Observed associations between weight change in the 50–69
age interval and mortality appeared to differ according to
health status at entry. For subjects reporting very good to ex-
cellent health, a weight gain greater than 0.6 kg/year was as-
sociated with modestly increased mortality risk. In contrast,
among subjects who reported good or poor-to-fair health, no
linear trend was observed between weight gain and total mor-
tality, and intermediate categories of weight gain were asso-
ciated with statistically significant or borderline-significant
lower risk. Age-adjusted mortality rates in the stable-weight
reference categories in the 50–69 age interval were compara-
ble to those in the 18–35 and 35–50 age groups. However,
age-adjusted mortality rates in the 50–69 age interval for
stable-weight (referent group) subjects in poor to fair health
were sharply higher than corresponding rates for those in
very good to excellent health. Weight loss in the 50–69 age
interval was associated with greater risk regardless of health
status.
Similar patterns were observed in cause-specific analyses,

although the magnitudes of association differed by underlying

cause of death (Web Table 2). Weight gain was most strongly
associated with CVD mortality. In the 18–35 and 35–50 age
intervals, weight gain greater than 1 kg/year was associated
with a doubling of CVD mortality (HR = 2.10 and HR =
2.08, respectively). However, in the 50–69 age interval, weight
gain greater than 1 kg/year was associated with only a 20%
increase in CVD mortality (HR = 1.21). Weight gain in the
18–35 and 35–50 age intervals was associated with cancer
mortality, but weight gain in the 50–69 age interval was not.
We then examined the combined influence of BMI and

weight change on total mortality risk for each of the 3 age in-
tervals (Table 5). The referent group for these analyses was
BMI less than 25.0 at the beginning of the interval (e.g., 18
years) with stable weight over the subsequent interval. In the
18–35 and 35–50 age intervals, mortality risk generally in-
creased progressively with both higher initial body mass (i.
e., body mass at ages 18 and 35 years) and subsequent weight
gain. In the 18–35 age interval, for example, mortality risk
was greatest among subjects who had an initial BMI of
25.0 or more (at age 18 years) and also gained more than
1 kg/year by age 35 (HR = 2.69). Mortality risk was interme-
diate in subjects who either had an initially normal BMI but
gained weight over the interval (HR = 1.63 for weight gain of
more than 1 kg/year) or who had an initially high BMI (≥25.0)
but did not gain weight (HR = 1.44). In the 50–69 age inter-
val, positive associations of combined initial BMI and weight
change with mortality were observed, but the associations
were weaker than in younger age intervals, at least among
subjects with an initially normal BMI. In this group, weight
gain of 1 kg/year or less was not associated with increased
mortality risk. Among subjects reporting very good or excel-
lent health, both initial BMI and weight gain in the 50–69 age
interval were positively associated with mortality. However,
these associations appeared to be attenuated in subjects with
less optimal health. Among subjects in poor to fair health and
normal BMI at age 50 years, mortality risk was lower in those
who gained weight (P-trend = 0.008) than in subjects with a
stable weight.
CVD mortality risk increased sharply with both initial

BMI and weight gain in the 18–35 and 35–50 age intervals
(Web Table 3). In the 50–69 age interval, we did not observe sta-
tistically significant associations between weight gain and CVD
mortality risk in subjects who were initially normal-weight or

Table 2. Weight Change Among Never Smokers During Various Age Intervals, National Institutes of Health-AARP

Diet and Health Study, 1996–2009

Category of Weight
Change, kg/year

Age Interval, years

18–35 35–50 50–69 50–69 (by Health Status)

No. of
Subjects

%
No. of

Subjects
%

No. of
Subjects

%
Very Good to
Excellent, %

Good, %
Poor to
Fair, %

Loss of >0.2 4,438 4.0 7,127 6.5 13,558 12.3 11.9 13.0 16.9

Stable (±0.2) 21,779 19.8 34,235 31.1 38,303 34.8 37.1 29.9 24.5

Gain of >0.2–0.6 44,257 40.3 34,280 31.2 28,899 26.3 26.7 25.2 20.0

Gain of >0.6–1 18,427 16.8 18,711 17.0 11,842 10.8 10.4 11.9 11.7

Gain of >1 10,453 9.5 8,918 8.1 11,507 10.5 9.4 14.1 18.6

Missing data 10,593 9.6 6,676 6.1 5,838 5.3 4.5 5.8 8.3
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Table 3. Total Mortality Risk Among Never Smokers in Relation to Body Mass Indexa at Ages 18, 35, and 50 Years, by Gender, National Institutes

of Health-AARP Diet and Health Study, 1996–2009

Men Women

No. of
Deathsb

MV
HRc 95% CI

Adjusted
Death Rated

P-trende No. of
Deathsb

MV
HRc 95% CI

Adjusted
Death Rated

P-trende

BMI at age 18 years 6,221 <0.0005 4,548 <0.0005

<18.5 1.09 1.01, 1.18 10.0 1.00 0.92, 1.08 6.9

18.5–22.4 1.0 Referent 8.9 1.0 Referent 6.8

22.5–24.9 1.15 1.08, 1.23 10.2 1.27 1.16, 1.38 9.0

25.0–27.4 1.40 1.29, 1.52 12.5 1.52 1.33, 1.74 10.9

≥27.5 1.92 1.73, 2.14 17.2 2.21 1.92, 2.55 15.6

BMI percentile at
age 18 years

6,217 <0.0005 4,543 <0.0005

<5th 1.07 0.98, 1.16 10.3 1.06 0.95, 1.19 7.6

5th–<85th 1.0 Referent 9.4 1.0 Referent 7.1

85th–<95th 1.40 1.29, 1.53 13.3 1.77 1.57, 1.99 13.1

≥95th 2.01 1.76, 2.30 18.8 2.06 1.66, 2.57 15.1

BMI at age 35 years 6,172 <0.0005 4,762 <0.0005

<18.5 1.13 0.88, 1.45 9.6 1.04 0.89, 1.21 6.6

18.5–22.4 1.0 Referent 8.5 1.0 Referent 6.2

22.5–24.9 1.00 0.93, 1.07 8.4 1.11 1.04, 1.19 7.1

25.0–27.4 1.14 1.06, 1.23 9.7 1.45 1.32, 1.58 9.6

27.5–29.9 1.58 1.44, 1.73 13.7 1.88 1.64, 2.16 12.5

≥30.0 2.10 1.92, 2.31 18.4 2.34 2.08, 2.63 16.2

BMI at age 50 years 6,185 <0.0005 4,877 <0.0005

<18.5 1.43 1.00, 2.02 11.7 1.36 1.10, 1.68 7.9

18.5–22.4 1.0 Referent 8.0 1.0 Referent 5.7

22.5–24.9 1.02 0.93, 1.12 8.1 1.06 0.98, 1.15 6.2

25.0–27.4 1.11 1.01, 1.22 8.9 1.24 1.14, 1.36 7.4

27.5–29.9 1.38 1.24, 1.52 11.3 1.47 1.32, 1.64 9.0

30.0–32.4 1.74 1.56, 1.95 14.8 1.86 1.66, 2.10 11.7

≥32.5 2.44 2.19, 2.73 21.1 2.57 2.32, 2.84 16.0

Average BMIf 6,033 <0.0005 4,231 <0.0005

<18.5 1.28 0.98, 1.67 10.6 1.20 0.99, 1.46 7.3

18.5–22.4 1.0 Referent 8.4 1.0 Referent 6.0

22.5–24.9 1.02 0.96, 1.10 8.5 1.15 1.07, 1.24 7.1

25.0–27.4 1.25 1.17, 1.35 10.6 1.46 1.33, 1.61 9.3

27.5–29.9 1.70 1.55, 1.86 14.5 2.13 1.88, 2.41 13.9

≥30.0 2.43 2.18, 2.70 21.2 2.59 2.27, 2.97 17.0

Abbreviations: BMI, body mass index; CI, confidence interval; MV HR, multivariate hazard ratio.
a Weight (kg)/height (m)2.
b Numbers of deaths differed by age because of missing values for height and weight. The total number of deaths was 12,017.
c All regression analyses adjusted for age (in the baseline hazard of the Cox regression) and the following covariates: race/ethnicity (Caucasian;

African-American; Hispanic; or Asian, Pacific Islander, and Native American combined); education (<8 years; 8–11 years; high school; vocational

school or some college; or ≥4 years of college), leisure-time physical activity (never, rarely, 1–3 times/month, 1 or 2 times/week, 3 or 4 times/week,

≥5 times/week, or missing information); and alcohol consumption (0, 0.01–4.9, 5.0–14.9, or ≥15 g/day).
d Total number of deaths per 1,000 person-years, adjusted for age using the Mantel-Haenszel method.
e Statistical significance of the linear trend in BMI categories, evaluated using BMI category medians.
f Average BMI was calculated as the weighted average of BMIs at 18, 35, and 50 years of age.
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Table 4. Total Mortality Risk Among Never Smokers in Relation to Weight Change During 3 Age Intervals, National

Institutes of Health-AARP Diet and Health Study, 1996–2009

Age Interval and Weight
Change, kg/year

No. of
Deaths

Multivariate
Hazard Ratioa

95% Confidence
Interval

P-trendb Adjusted
Death Ratec

18–35 years 10,449 <0.0005

Loss of >0.2 0.88 0.79, 0.98 9.3

Stable (±0.2) 1.0 Referent 7.7

Gain of >0.2–0.6 1.10 1.04, 1.16 8.0

Gain of >0.6–1 1.26 1.18, 1.34 9.5

Gain of >1 1.66 1.55, 1.78 13.4

35–50 years 10,734 <0.0005

Loss of >0.2 1.06 0.98, 1.14 9.9

Stable (±0.2) 1.0 Referent 7.4

Gain of >0.2–0.6 1.04 0.99, 1.09 7.8

Gain of >0.6–1 1.19 1.13, 1.26 9.7

Gain of >1 1.61 1.51, 1.73 14.3

50–69 years 10,843 <0.0005

Loss of >0.2 1.40 1.33, 1.49 13.1

Stable (±0.2) 1.0 Referent 7.7

Gain of >0.2–0.6 0.91 0.86, 0.95 7.2

Gain of >0.6–1 1.05 0.98, 1.12 9.0

Gain of >1 1.17 1.09, 1.25 11.5

50–69 years (by health status)

Very good to excellent 4,525 0.003

Loss of >0.2 1.37 1.25, 1.50 8.4

Stable (±0.2) 1.0 Referent 5.5

Gain of >0.2–0.6 0.94 0.87, 1.01 5.2

Gain of >0.6–1 1.21 1.09, 1.33 7.0

Gain of >1 1.14 1.01, 1.30 6.5

Good 4,019 0.16

Loss of >0.2 1.30 1.18, 1.42 14.8

Stable (±0.2) 1.0 Referent 9.8

Gain of >0.2–0.6 0.85 0.79, 0.93 8.5

Gain of >0.6–1 0.91 0.81, 1.01 9.4

Gain of >1 1.08 0.97, 1.21 12.7

Poor to fair 2,157 0.45

Loss of >0.2 1.35 1.19, 1.52 30.0

Stable (±0.2) 1.0 Referent 20.5

Gain of >0.2–0.6 0.91 0.81, 1.03 18.4

Gain of >0.6–1 0.88 0.76, 1.03 18.7

Gain of >1 0.94 0.82, 1.08 23.8

a All regression analyses adjusted for age (in the baseline hazard of the Cox regression) and the following

covariates: gender, race/ethnicity, education, leisure-time physical activity, body mass index at the beginning of the

age interval (weight (kg)/height (m)2; categorical), and height (inches, in quintiles). (For additional definitions, see

Table 3.)
b Statistical significance of the linear trend in weight-gain categories, evaluated using weight-gain category

medians.
c Total number of deaths per 1,000 person-years; adjusted for age and gender using the Mantel-Haenszel method.
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Table 5. Total Mortality Risk AmongNever Smokers in Relation to Combined Initial BodyMass Indexa andWeight ChangeDuring 3 Age Intervals,

National Institutes of Health Diet and Health Study, 1996–2009

Age Interval and Weight
Change, kg/year

No. of
Deaths

Initial BMI <25.0 Initial BMI ≥25.0

MV HRb 95% CI P-trendc Adjusted
Death Rated

MV HRb 95% CI P-trendc Adjusted
Death Rated

18–35 years 8,959 <0.0005 <0.0005

Loss of >0.2 1.04 0.89, 1.21 9.0 1.39 1.21, 1.59 10.1

Stable (±0.2) 1.0 Referent 7.2 1.44 1.27, 1.64 11.2

Gain of >0.2–0.6 1.06 1.00, 1.13 7.7 1.80 1.63, 2.00 14.0

Gain of >0.6–1 1.22 1.13, 1.31 9.3 1.85 1.61, 2.13 13.5

Gain of >1 1.63 1.50, 1.77 13.4 2.69 2.32, 3.12 21.3

35–50 years 10,511 <0.0005 <0.0005

Loss of >0.2 1.21 1.05, 1.39 8.2 1.58 1.44, 1.73 11.2

Stable (±0.2) 1.0 Reference 6.7 1.31 1.22, 1.41 9.6

Gain of >0.2–0.6 1.02 0.96, 1.08 7.0 1.47 1.36, 1.58 10.4

Gain of >0.6–1 1.17 1.09, 1.26 8.4 1.74 1.60, 1.89 12.8

Gain of >1 1.60 1.45, 1.75 12.2 2.41 2.19, 2.64 18.3

50–69 years 10,727 0.03 <0.0005

Loss of >0.2 1.52 1.37, 1.69 10.3 2.01 1.87, 2.15 14.5

Stable (±0.2) 1.0 Reference 6.8 1.28 1.20, 1.36 9.2

Gain of >0.2–0.6 0.87 0.81, 0.94 6.1 1.19 1.11, 1.28 8.5

Gain of >0.6–1 0.99 0.89, 1.10 7.1 1.42 1.30, 1.54 10.4

Gain of >1 1.14 1.01, 1.28 9.4 1.61 1.48, 1.75 12.4

50–69 years (by health status)

Very good to excellent 4,476 0.03 0.03

Loss of >0.2 1.48 1.28, 1.72 7.5 1.77 1.59, 1.98 9.0

Stable (±0.2) 1.0 Reference 5.1 1.22 1.11, 1.34 6.4

Gain of >0.2–0.6 0.95 0.86, 1.04 4.9 1.12 1.01, 1.25 5.6

Gain of >0.6–1 1.16 1.00, 1.35 5.9 1.53 1.34, 1.74 8.0

Gain of >1 1.16 0.96, 1.40 5.7 1.42 1.21, 1.66 6.6

Good 3,979 0.65 0.04

Loss of >0.2 1.40 1.18, 1.66 12.6 1.68 1.50, 1.89 15.6

Stable (±0.2) 1.0 Reference 9.0 1.17 1.05, 1.30 10.6

Gain of >0.2–0.6 0.77 0.68, 0.87 6.8 1.09 0.97, 1.22 9.8

Gain of >0.6–1 0.82 0.68, 0.98 7.9 1.16 1.01, 1.33 10.5

Gain of >1 1.11 0.92, 1.34 12.7 1.34 1.17, 1.54 12.7

Poor to fair 2,132 0.008 0.21

Loss of >0.2 1.26 0.99, 1.61 25.0 1.50 1.28, 1.76 32.0

Stable (±0.2) 1.0 Reference 20.6 0.99 0.84, 1.16 20.6

Gain of >0.2–0.6 0.84 0.69, 1.03 17.3 0.93 0.78, 1.10 19.1

Gain of >0.6–1 0.70 0.53, 0.93 14.0 0.95 0.79, 1.16 20.5

Gain of >1 0.74 0.56, 0.97 18.3 1.06 0.89, 1.26 26.3

Abbreviations: BMI, body mass index; CI, confidence interval; MV HR, multivariate hazard ratio.
a Weight (kg)/height (m)2.
b All regression analyses adjusted for age (in the baseline hazard of the Cox regression) and the following covariates: gender, race/ethnicity,

education, leisure-time physical activity, BMI at the beginning of the age interval (weight (kg)/height (m)2; categorical), and height (inches, in

quintiles). (For additional definitions, see Table 3.)
c Statistical significance of the linear trend in weight-gain categories, evaluated using weight-gain category medians.
d Total number of deaths per 1,000 person-years; adjusted for age and gender using the Mantel-Haenszel method.
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who had elevated initial BMI but gained 1 kg or less in body
weight per year.
Finally, we considered the age at which excess weight

(BMI ≥25.0) was first attained, based on the 4 age periods
for which data were available (Table 6). The referent group
in these analyses (in contrast with Table 3) consisted of sub-
jects who maintained a BMI less than 25.0 over all 4 age pe-
riods (BMI at entry was included in this analysis). Entering
adulthood with a BMI of 25.0 or higher at age 18 years
was strongly associated with mortality (HR = 1.68 in men,
HR = 2.04 in women) as compared with maintaining normal
weight throughout adulthood. The hazard ratio for first attain-
ing a BMI greater than or equal to 25.0 at age 50 years ap-
peared weaker (HR = 1.12 in men, HR = 1.26 in women)
but retained statistical significance. All analyses were re-
peated using the subjects with no missing height and weight
data (i.e., BMI available at all 3 time points); results were es-
sentially unchanged.

DISCUSSION

We evaluated the mortality risk associated with excess body
mass during 3 adulthood age periods andweight change over 3
consecutive age intervals in nonsmoking men and women.
The lowest mortality was observed among persons who en-
tered adulthood with a low BMI, experienced minimal weight
gain over young and middle adulthood, and maintained a BMI
within the healthy range throughout adulthood. We observed
the strongest relationships between bodymass and mortality in
young adulthood, with associations being successively attenu-
ated in each successive age period. Higher BMI at age 18 years

was related to elevated risk in both men and women, even
within the normal weight range, similarly to results reported
for female nurses (13). Although associations with BMI in
middle adulthood (represented by ages 35 and 50 years)
were not as strong as those observed at age 18 years, they nev-
ertheless robustly predicted mortality, in contrast with other
reports finding weak or null associations over this period (14,
15). The weighted average of body mass over the course of
early to middle adulthood, our measure of cumulative expo-
sure, was also strongly associated with mortality risk. In ad-
dition, we observed that the earlier in adulthood the threshold
for overweight (BMI ≥25.0) was exceeded, the greater was
the mortality risk. These results, taken together with previous
studies that found stronger BMI and mortality relationships at
younger ages (9–11, 13–17), suggest that both the duration of
excess body mass and the cumulative amount of mass con-
tribute to mortality risk. Persons who are overweight or
obese in middle age or later in life are a heterogeneous
group with differing weight histories; that is, many were
lean earlier in adulthood. In contrast, persons who enter
adulthood overweight tend to remain so for decades. The
combination of greater excess body mass in young adult-
hood and longer duration of excess mass results in increased
cumulative exposure relative to persons who are lean when
young and become overweight only later.
Weight gain in young (i.e., ages 18–35 years) and middle

(ages 35–50 years) adulthood was strongly related to elevated
mortality. These findings contrast with the majority of stud-
ies, which have found either no increased risk with weight
gain (11, 12, 14, 19–29) or an equivocal relationship (27,
30–32), but are consistent with the few that have observed

Table 6. Total Mortality Risk Among Never Smokers in Relation to Age at Which Body Mass Indexa First Reached or

Exceeded 25.0 (for 4 Age Points) as Compared With Maintenance of a Body Mass Index Under 25.0 at All 4 Ages, by

Gender, National Institutes of Health-AARP Diet and Health Study, 1996–2009

Time at Which BMI First
Exceeded Threshold

(BMI ≥25.0)

No. of
Deaths

Multivariate
Hazard Ratiob

95% Confidence
Interval

Adjusted
Death Ratec

Average
BMId (SD)

Men 6,068

BMI <25.0 at all 4 ages 1.0 Reference 7.9 21.7 (1.4)

Baseline 0.98 0.88, 1.08 8.0 22.0 (1.4)

Age 50 years 1.12 1.04, 1.22 9.4 23.4 (1.0)

Age 35 years 1.32 1.23, 1.42 10.9 25.9 (1.6)

Age 18 years 1.68 1.55, 1.82 13.8 28.6 (2.8)

Women 4,265

BMI <25.0 at all 4 ages 1.0 Reference 5.8 20.7 (1.4)

Baseline 0.96 0.88, 1.06 5.8 21.6 (1.3)

Age 50 years 1.26 1.16, 1.37 7.8 23.4 (1.2)

Age 35 years 1.68 1.54, 1.84 10.8 26.8 (2.1)

Age 18 years 2.04 1.83, 2.28 12.7 28.7 (3.8)

Abbreviations: BMI, body mass index; SD, standard deviation.
a Weight (kg)/height (m)2.
b All analyses adjusted for age (in the baseline hazard of the Cox regression) and the following covariates: race/

ethnicity, education, physical activity, and alcohol consumption (see Table 3 for definitions).
c Total number of deaths per 1,000 person-years; adjusted for age and gender using the Mantel-Haenszel method.
d Average BMI was calculated as the weighted average of BMIs at 18, 35, and 50 years of age.
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positive associations (42–45). However, moderate weight
gain after age 50 years was not associated with mortality
even among subjects reporting good to excellent health. Ex-
amination of the joint relationship of body mass and weight
change over the 3 successive age intervals suggests the im-
portance of having a lean, normal body weight during youn-
ger age periods and maintaining stable weight or gaining
minimal weight through midlife. In the oldest age interval
(50–69 years, study entry), body mass attained at midlife ap-
peared to more strongly influence risk than did subsequent
weight gain. One explanation for this is that cumulative
body mass is largely determined by middle age, and gaining
weight later in life results in little additional increase beyond
what has already accumulated. Alternatively, the lack of asso-
ciation between weight gain and mortality at older ages could
be influenced by preexisting disease, our attempts to remove
the influence of disease on body weight notwithstanding. If
so, actual risks of weight gain could be higher. The associa-
tion between disease and weight gain is complex and is prob-
ably dependent on the type of disease and the point in the
disease process at which weight is assessed. For example,
type 2 diabetes mellitus is often associated with weight
gain, particularly early in the course of the disease, while
late-stage cancer is often associated with weight loss. Unfor-
tunately, data on repeated measures of body weight in indi-
viduals throughout the course of disease are extremely
limited, so this issue is not well studied. Change in body com-
position with age is another potential explanation. As lean
mass is replaced with fat, additional body weight may be nec-
essary to maintain the same lean mass.

In all analyses except those evaluating risk in the 50–69
age interval, age-adjusted mortality rates in referent groups
(low BMI, stable weight) were low. In the 50–69 age interval,
age-adjusted mortality rates in the referent group were pro-
gressively higher in subjects with lower health status. This
suggests that by restricting the analysis to nonsmokers, con-
sidering distinct age groups, and stratifying the results in the
older age interval by health status, we may have removed
some of the association that is commonly referred to as “reverse
causation”—that is, the influence of disease on body weight.
The elevated risks that we observed in men and women who
lost weight after age 50 years may suggest the influence of
chronic disease on weight loss in this age group.

We evaluated the associations of weight and weight change
with mortality. Similar assessments in relation to other out-
comes, including incident disease and disability, could com-
plement these analyses and provide a more complete picture
of the contributions of weight and weight change to potential
health-care consequences and costs. Such analysis was beyond
the scope of the current study. We do not consider these find-
ings to have been substantially biased by use of self-reported
weight data. Information on the validity of self-reported past
weight suggests that recalled and measured weights are highly
correlated, even for weight in young adulthood (10, 46, 47).
Any bias would be expected to operate more strongly at the
more distantly recalled age, yet we observed the strongest re-
lationships for body mass at age 18 years, with declining
risks at more recent ages.

In conclusion, these results suggest that excess weight-
related mortality may be reduced among persons who enter

adulthood with a low BMI, avoid gaining weight with age,
and maintain a body mass within the healthy range over the
course of adulthood. Public health efforts should encourage
weight control in early and middle adulthood.
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