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THE PREVALENCE OF OBESITY

(body mass index [BMI {calcu-
lated as weight in kilograms di-
vided by height in meters

squared}]) has risen markedly since
1976, now exceeding 30% among US
adults.1 Obesity has well-known asso-
ciations with morbidity and disability,
resulting in unhealthy life-years and in-
creased health care costs.2,3 Although
many studies have examined obesity
treatment (weight loss through life-
style intervention, pharmacotherapy, or
surgery), research on obesity preven-
tion (preventing or decreasing the
amount of weight gain) is less abun-
dant.4,5 Public health guidelines recom-
mend regular physical activity to mini-
mize age-related weight gain,6-8 implying
that weight gain may be prevented by
maintaining high activity levels over
time. However, these recommenda-
tions are largely based on cross-
sectional observational and short-term
clinical evidence that cannot account for
the changing risk of weight gain with in-
creasing age.9,10 Data on the amount of
activity necessary for prevention of

weight gain are also sparse. Although a
2008 report from the US Department of
Health and Human Services (HHS) ad-
vocates at least 30 minutes of moderate-
intensity activity 5 days per week,11 a
recent study observed that HHS-
recommended activity levels were in-
sufficient for weight gain prevention in
middle-aged women (mean, 54.2 years
at baseline).12 It is unclear if fed-
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Context Data supporting physical activity guidelines to prevent long-term weight
gain are sparse, particularly during the period when the highest risk of weight gain
occurs.

Objective To evaluate the relationship between habitual activity levels and changes
in body mass index (BMI) and waist circumference over 20 years.

Design, Setting, and Participants The Coronary Artery Risk Development in Young
Adults (CARDIA) study is a prospective longitudinal study with 20 years of follow-up,
1985-1986 to 2005-2006. Habitual activity was defined as maintaining high, mod-
erate, and low activity levels based on sex-specific tertiles of activity scores at base-
line. Participants comprised a population-based multicenter cohort (Chicago, Illinois;
Birmingham, Alabama; Minneapolis, Minnesota; and Oakland, California) of 3554 men
and women aged 18 to 30 years at baseline.

Main Outcome Measures Average annual changes in BMI and waist circumference.

Results Over 20 years, maintaining high levels of activity was associated with smaller
gains in BMI and waist circumference compared with low activity levels after adjust-
ment for race, baseline BMI, age, education, cigarette smoking status, alcohol use,
and energy intake. Men maintaining high activity gained 2.6 fewer kilograms per year
(�0.15 BMI units; 95% confidence interval [CI], 0.11-0.18 vs �0.20 in the lower ac-
tivity group; 95% CI, 0.17-0.23), and women maintaining higher activity gained 6.1
fewer kilograms per year (�0.17 BMI units; 95% CI, 0.12-0.21 vs �0.30 in the lower
activity group; 95% CI, 0.25-0.34). Men maintaining high activity gained 3.1 fewer
centimeters in waist circumference per year (�0.52 cm; 95% CI, 0.43-0.61 cm vs 0.67
cm in the lower activity group; 95% CI, 0.60-0.75 cm) and women maintaining higher
activity gained 3.8 fewer centimeters per year (�0.49 cm; 95% CI, 0.39-0.58 cm vs
0.67 cm in the lower activity group; 95% CI, 0.60-0.75 cm).

Conclusion Maintaining high activity levels through young adulthood may lessen
weight gain as young adults transition to middle age, particularly in women.
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eral activity guidelines are sufficient to
prevent weight gain, particularly in the
transition from young adulthood to
middle age, when the highest risk of
weight gain occurs.13

This study evaluates the relationship
between maintaining higher activity lev-
els, including HHS-recommended lev-
els, and changes in BMI and waist cir-
cumference over 20 years in young
adults. Because participation in activity
varies by race, sex, and weight sta-
tus,11,14 this study also examines if these
factors modify the relationship be-
tween activity and weight gain. We hy-
pothesize that maintaining higher lev-
els of moderate and vigorous activity will
be associated with smaller increases in
BMI and waist circumference as young
adults transition to middle age.

METHODS
The Coronary Artery Risk Develop-
ment in Young Adults (CARDIA)
study is a multicenter longitudinal
cohort study designed to investigate
the development of coronary heart
disease risk factors in young adults.
The initial cohort consisted of 5115
young adult participants, balanced by
age (18-24 years and 25-30 years),
sex, race (black and white), and edu-
cational status (�high school gradu-
ate, �high school education). Details
about eligibility criteria and baseline
demographic characteristics have been
previously published.15 Participants
from 4 US cities (Birmingham, Ala-
bama; Chicago, Illinois; Minneapolis,
Minnesota; and Oakland, California)
were initially examined in 1985-1986.
Follow-up examinations were per-
formed 2, 5, 7, 10, 15, and 20 years
after baseline with retention of the
cohort of 91%, 86%, 81%, 79%, 74%,
and 72%, respectively. The study was
approved by the institutional review
board at each center and written
informed consent was obtained from
all participants.

Physical Activity Measurement

At each examination, physical activity
was measured using the interviewer-
administered CARDIA Physical Activ-

ity History questionnaire. This instru-
ment was specifically designed to
assess usual activity during a period of
time (ie, 1 year). The questionnaire
asks about participation in 13 specific
moderate- and vigorous-intensity
activities over the previous year,
including sports, exercise, home
maintenance, and occupational activi-
ties. Each activity was assigned an
intensity score (ranging from 3-8
metabolic equivalents) and a duration
threshold (ranging from 2-5 hours/
week), above which participation was
considered to be frequent. Questions
did not include details about activity
duration. Thus, duration threshold
represents the minimum duration for
each activity. The activities included
in the questionnaire, along with the
intensity and duration thresholds for
frequent participation, are included in
eTable 1 (available at http://www.jama
.com). The questionnaire was com-
puter scored using an algorithm de-
scribed in detail elsewhere.16 In brief, the
algorithm computed a score for each ac-
tivity based on the intensity score, fre-
quency, and a weighting factor to rep-
resent duration. The total activity score
was the sum of scores for all activities
expressed in exercise units, which rep-
resent the usual level of activity over the
previous 12 months. For reference, a
total activity score of 300 exercise units
approximates HHS recommendations of
at least 150 minutes of moderate-
intensity activity per week.17 Exercise
units are related to caloric expendi-
ture, but because the questionnaire did
not ask detailed questions about activ-
ity duration, caloric expenditure could
not be directly estimated. The CARDIA
activity questionnaire shows test-retest
reliability in the range of 0.77 to 0.84 and
scores on the questionnaire are associ-
ated with external validation criteria. De-
tails of the scoring system have previ-
ously been published.16

Other Measurements

At each examination, height, weight,
and waist circumference were mea-
sured with participants wearing light
examination clothes and no shoes. Nor-

mal weight, overweight, and obesity
were defined as BMI of 18.5 to 24.9,
25.0 to 29.9, and 30.0 or greater, re-
spectively. Age, self-reported race, years
of education, cigarette smoking sta-
tus, and alcohol use were ascertained
by interview at each examination and
cardiorespiratory fitness was assessed
by duration on a symptom-limited
treadmill test at baseline. At baseline,
year 7, and year 20, energy intake was
determined from a CARDIA-specific in-
terviewer-administered dietary his-
tory assessment, which includes a quan-
titative food frequency tool and nutrient
measures expressed as intake per day.
The reliability and validity of this in-
strument have previously been re-
ported; validity correlations are gener-
ally greater than 0.50.18 Extreme high
and low values of energy intake (�8000
kcal in men and �6000 kcal in wom-
en; and �800 kcal in men and �600
kcal in women, respectively) were ex-
cluded as unreliable.

Habitual Activity Categories

Because activity varies widely within
individuals across time, categories
were created to reflect long-term or
habitual activity levels over 20 years.
Sex-specific tertiles for activity scores
at baseline examination were calcu-
lated and habitual activity levels were
defined as maintaining sex-specific
baseline activity thresholds at two-
thirds of follow-up CARDIA examina-
tions. Habitual high, moderate, or low
activity levels were defined as main-
taining activity scores greater than the
baseline upper tertile, middle tertile,
or below the lowest tertile, respec-
tively, at two-thirds of follow-up
CARDIA examinations. Any other
pattern of activity was defined as
inconsistent. An additional analysis
was performed with high/low habitual
activity dichotomized based on main-
tenance of HHS activity recommenda-
tions at baseline and two-thirds of
follow-up CARDIA examinations.

Exclusions

For the present analysis, 1561 (31.5%)
participants were excluded for the fol-

HIGH PHYSICAL ACTIVITY AND WEIGHT GAIN

2604 JAMA, December 15, 2010—Vol 304, No. 23 (Reprinted) ©2010 American Medical Association. All rights reserved.

 by Shawn Kennedy Maureen on 14 December 2010jama.ama-assn.orgDownloaded from 

http://jama.ama-assn.org/


lowing reasons (not mutually exclu-
sive): missing activity scores (n=250),
attending fewer than 5 CARDIA exami-
nations (n=1117), missing BMI mea-
surement at baseline (n=17), transgen-
der sex (n = 2), pregnancy at any
examination (n=237), or having un-
dergone bariatric surgery by year 20
(n=42). The remaining 3554 partici-
pants were included, representing
69.5% of the initial CARDIA cohort.

Statistical Analysis

Participation in activity varied by
race, sex, and weight status11,14; there-
fore, formal tests for effect modifica-
tion were performed by examining
2-way cross-product terms of activity
categories with male sex, black race,
and baseline weight status (normal
weight or overweight/obese) in sepa-
rate models. Significant terms were
found with male sex (P=.003), there-
fore, all analyses were stratified by
sex. In sensitivity analyses, effect
modification by 20-year parity status
(nulliparous/not nulliparous) within
the female strata was also evaluated.
Differences in selected baseline char-
acteristics were compared and pair-
wise differences in covariates by activ-
ity categories were estimated using
1-way analysis of variance and �2 tests
for continuous and categorical vari-
ables, respectively. Within each sex
group, Spearman partial correlation
coefficients were calculated to evalu-
ate the cross-sectional relationship
between activity score and BMI or
waist circumference. Correlations at
each CARDIA examination were
adjusted for age, alcohol use, educa-
tion, cigarette smoking status, and
energy intake. General linear models
were used to compare mean energy
intake and estimate pairwise differ-
ences in energy intake by activity cat-
egories at each year in which dietary
history was collected (baseline, year 7,
year 20). The generalized estimating
equations method (PROC GENMOD
version 9.2, SAS Institute Inc, Cary,
North Carolina) was used to estimate
the relation of habitual activity cat-
egories with average annual changes

in BMI over 20 years. The indepen-
dent variable was the habitual activity
category (high, moderate, low, or
inconsistent), and the dependent vari-
able was time-dependent BMI. Time
was treated as a continuous variable,
while activity categories were treated
as indicator variables with low activity
as a referent. We included cross-
product terms of the indicator vari-
ables and time; the � coefficients for
the cross-product terms indicated the
magnitude of difference in average
annual changes of BMI relative to the
low activity group. Analyses were
adjusted for race; baseline BMI; and
time-dependent values for age, educa-
tion, energy intake, number of ciga-
rettes per day, and amount of alcohol
intake per day (by milliliters). Longi-
tudinal analyses were repeated using
time-dependent waist circumference
as the dependent variable.

RESULTS
Comparison of Included
and Excluded Participants

In unadjusted analyses, compared with
included participants, excluded CARDIA
participants at baseline were younger
(mean[SD],24.4 [3.7]yearsvs25.1 [3.6]
years), had lower physical activity scores
(404.3 [297.9] exercise units vs 427.1
[301.7] exercise units), had larger per-
centages of women (59.1% vs 52.5%),
larger percentages of black individuals
(60.7% vs 47.5%). Baseline anthropo-
metric measures were similar for ex-
cludedand included participants, namely
BMI (mean [SD], 24.6 [5.5] vs 24.4 [4.9]
for men and women combined) and
waist circumference (81.5 [10.0] cm vs
81.8 [9.3] cm for men, and 74.7 [12.6]
cm vs 74.2 [11.4] cm for women).

Tertile Thresholds for Habitual
Activity Categories

Sex-specific baseline activity tertiles,
used to define habitual high, moder-
ate, and low activity levels, had the
following thresholds (in exercise
units): for men, at least 608, 340 to
607, and less than 340; and for
women, at least 398, 192 to 397, and
less than 192, respectively. An incon-

sistent pattern category was defined
by not meeting criteria for other
activity categories; therefore no activ-
ity threshold was set for the inconsis-
tent pattern category.

Baseline Characteristics

The distribution of participants across
habitual activity categories was simi-
lar by sex with 11% of women and
12% of men in the highest activity ter-
tile at baseline maintaining this level
over 20 years (�2

3= 6.0; P =.11). In
unadjusted analyses, distribution of
most baseline characteristics did not
differ across activity categories, with
the exceptions of race and baseline
weight status (TABLE 1). Among
women but not men, a smaller pro-
portion of participants who were
overweight/obese at baseline main-
tained higher activity levels over 20
years.

Cross-sectional Analysis:
Relationship of Activity With BMI
and Waist Circumference

More consistently in women than
men, Spearman partial correlation
coefficients adjusted for age, alcohol
intake, education, cigarette smoking
status, and energy intake demon-
strated inverse correlations between
activity score and BMI or waist cir-
cumference (TABLE 2).

Difference in Energy Intake
Between Highest and Lowest
Activity Categories

In unadjusted analyses, men maintain-
ing high activity reported greater mean
energy intake at baseline (783 kcal [95%
confidence interval {CI}, 455-1112
kcal]), year 7 (834 kcal [95% CI, 510-
1159 kcal]), and year 20 (428 kcal [95%
CI, 106-750 kcal]) compared with men
maintaining low activity. Among
women, baseline energy intake did not
differ by activity category; however,
women maintaining high activity re-
ported greater mean energy intake at
year 7 (367 kcal [95% CI, 138-595
kcal]) and at year 20 (365 kcal [95%
CI, 147-584 kcal]) than women with
low activity.
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Mean BMI, Weight, and Waist
Circumference at Each Examination
by Habitual Activity Categories
Mean BMI adjusted for age and race in-
creased at each CARDIA examination
in all habitual activity categories for men
and women (FIGURE). Similar pat-
terns were observed for mean waist cir-
cumference (eFigure, available at http:
//www.jama.com). Unadjusted mean

BMI, weight, and waist circumference
at each examination are reported in
eTable 2 and eTable 3.

Longitudinal Analysis: Relationship
of Habitual Activity Level
With Changes in BMI, Waist
Circumference, and Weight

In analyses adjusted for race, baseline
BMI, age, education, smoking status, al-

cohol use, and energy intake, habitual
high activity was associated with smaller
increases in mean BMI, waist circum-
ference, and weight per year com-
pared with low activity (TABLE 3, eTable
4). Average annual changes in BMI cor-
responded with the following cumula-
tive weight changes over 20 years: men
maintaining high activity gained 2.6
fewer kilograms (BMI increased in the
high activity group by 0.15 [95% CI,
0.11-0.19] per year vs a BMI increase
of 0.20 per year in the low-activity
group [95% CI, 0.17-0.23]) and women
maintaining high activity gained 6.1
fewer kilograms (BMI increased in the
high activity group by 0.17 [95% CI,
0.13-0.22] per year vs a BMI increase
of 0.30 per year in the low-activity
group [95% CI, 0.26-0.35]). Men main-
taining high activity gained 3.1 fewer
centimeters in waist circumference per
year (high-activity group gained 0.53
cm [95% CI, 0.43-0.62 cm] vs 0.67 cm
per year in the low-activity group [95%
CI, 0.60-0.75 cm]) and women main-
taining high activity gained 3.8 fewer

Table 1. Characteristics at Baseline by Long-term Physical Activity Categoriesa

Men by Activity Category (n = 1689) Women by Activity Category (n = 1865)

Lower
(n = 477)

Moderate
(n = 102)

Higher
(n = 201)

Inconsistent
(n = 909)

Lower
(n = 475)

Moderate
(n = 104)

Higher
(n = 206)

Inconsistent
(n = 1080)

Demographic characteristics
Age, y 25.2 (3.5) 25.0 (3.6) 24.5 (3.5) 25.0 (3.6) 25.0 (3.8) 25.1 (3.6) 25.0 (3.5) 25.2 (3.7)

Black race, No. (%)b 423 (49.1) 34 (33.3) 103 (51.2) 380 (41.8) 330 (69.5) 37 (35.2) 59 (28.6) 513 (47.5)

Education, y 13.9 (2.5) 14.4 (2.6) 13.7 (2.2) 14.0 (2.4) 13.4 (2.1) 14.1 (2.1) 14.8 (2.1) 14.0 (2.2)

Anthropometric characteristics
BMIc 24.7 (4.5) 24.0 (3.7) 24.0 (3.0) 24.4 (3.6) 25.5 (6.7) 24.6 (5.7) 22.7 (4.4) 24.3 (5.2)

Waist circumference, cm 82.9 (10.8) 80.1 (8.3) 80.4 (7.2) 81.8 (8.8) 76.4 (13.4) 74.9 (12.1) 70.7 (9.1) 73.8 (10.6)

Overweight/obese,
No. (%)d

179 (37.5) 28 (27.5) 62 (30.9) 318 (35.0) 200 (42.1) 33 (31.4) 36 (17.5) 351 (32.5)

Lifestyle characteristics
Activity score, exercise

units
304.6 (203.8) 523.7(224.2) 867.9 (366.5) 553.9 (290.3) 193.2 (168.2) 354.8 (197.2) 599.7 (301.8) 360.1 (235.6)

Objective fitness test
duration, min

11.4 (2.2) 12.7 (2.1) 13.0 (1.9) 12.2 (2.0) 7.7 (1.9) 8.6 (1.8) 10.1 (2.3) 8.7 (2.0)

Energy intake, kcal 3072.6
(1252.0)

3245.3
(1472.0)

3855.8
(1535.0)

3453.7
(1367.0)

2174.3
(944.7)

2137.6
(905.5)

2373.8
(1067.0)

2277.0
(964.9)

Cigarette smoking, No. (%) 145 (31) 24 (24) 50 (25) 259 (29) 135 (29) 32 (31) 50 (25) 281 (26)

Cigarette smoking, median
(IQR), No./d

12.0 (12.0) 15.0 (13.5) 10.0 (12.0) 14.0 (13.0) 10.0 (14.0) 12.5 (12.0) 9.0 (12.0) 10.0 (14.0)

Alcohol intake, median
(IQR), mL/d

7.3 (20.5) 14.3 (23.9) 9.6 (22.5) 9.6 (24.9) 0.0 (7.2) 2.4 (9.7) 4.8 (12.2) 2.4 (9.7)

Abbreviation: BMI, body mass index; IQR, interquartile range.
aValues are reported as mean (SD) unless otherwise indicated. Long-term physical activity categories are based on maintaining sex-specific baseline total activity score tertiles in at least

two-thirds of follow-up examinations: lower activity, less than 340 exercise units (men) and less than 192 exercise units (women); moderate activity, 340 to 607 exercise units (men) and
192 to 397 exercise units (women); higher activity, at least 608 exercise units (men) and at least 398 exercise units (women); inconsistent patterns, all other patterns of activity. Means
were compared using 1-way analysis of variance and proportions were compared using the �2 test.

bValues are significantly different among physical activity categories in men (P� .01).
cBMI is calculated as weight in kilograms divided by height in meters squared.
dValues are significantly different among physical activity categories in women (P� .001).

Table 2. Spearman Partial Correlation Coefficients Between BMI or Waist Circumference and
Activity Scores at Each Examination

CARDIA
Examination Year

Men Women

No. BMIa Waista No. BMIa Waista

0 1689 0.0172 −0.0185 1865 −0.1187 −0.1335

2 1628 0.0003 −0.0744 1811 −0.1149 −0.1242

5 1609 −0.0297 −0.0873 1784 −0.1558 −0.1763

7 1573 −0.0723 −0.1501 1727 −0.1633 −0.2081

10 1587 −0.0367 −0.1098 1745 −0.2030 −0.2208

15 1500 −0.0896 −0.1694 1650 −0.2350 −0.2553

20 1398 −0.0959 −0.1583 1584 −0.3026 −0.3140
BMI, body mass index; CARDIA, Coronary Artery Risk Development in Young Adults.
a BMI is calculated as weight in kilograms divided by height in meters squared. P� .001 for all BMI and waist

values except BMI for men at examination years 0, 2, 5, and 10; and waist value for men in year 0. Spearman
partial correlation coefficients were adjusted for age, alcohol intake, education, cigarette smoking, and energy
intake.
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centimeters per year (high-activity
group gained 0.50 cm [95% CI, 0.40-
0.60 cm] vs 0.68 cm per year in the low-
activity group [95% CI, 0.60-0.76 cm]).
Patterns of association were similar,
with larger � estimates in minimally ad-
justed models (adjusted for age, race,
and baseline BMI); results were un-
changed in models additionally ad-
justed for parity in women (eTable 5).

When habitual high activity was
defined as maintaining 300 exercise
units over 20 years, equivalent to
HHS-recommended activity levels,
36.7% of the cohort (n=1338) met
this definition. Participants maintain-
ing HHS-recommended activity levels
experienced smaller annual increases
in mean BMI and waist circumference
compared with participants who did
not after adjustment for race, baseline
BMI, age, education, cigarette smok-
ing status, alcohol use, and energy
intake (TABLE 4). Men and women
maintaining HHS-recommended
activity levels gained 1.8 and 4.7
fewer kilograms, respectively over 20
years, compared with participants
who did not. Patterns of association
were similar, with larger � estimates
in models minimally adjusted for age,
race, and baseline BMI (eTable 6).

COMMENT
The primary finding of the current
study is that relative to lower activity
levels, maintenance of higher activity
levels over 20 years was associated with
smaller gains in BMI among men and
women as they transitioned from young
adulthood into middle age. Men and
women maintaining higher activity
gained 2.6 and 6.1 fewer kilograms over
20 years respectively, compared with

the low-activity referent group. Weight
gains in participants with moderate or
inconsistent activity levels generally
were not different from the low-
activity group. Importantly, women
seemed to benefit the most from main-
taining higher activity; the magnitude
of weight change was more than twice
as large among women compared with
men. Similarly, participants who main-
tained the HHS-recommended 150

Figure. BMI at Each CARDIA Visit by Habitual Activity Category
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Body mass index (BMI) is calculated as weight in kilograms divided by height in meters squared. Data are ad-
justed for age and race. CARDIA (Coronary Artery Risk Development in Young Adults) study examination years
are baseline, 2, 5, 7, 10, 15, and 20.

Table 3. Average Annual Changes in BMI and Waist Circumference for Young Adults by Long-term Activity Categoriesa

Measure by Long-term
Activity Category

Men Women

No.
Mean Change/y

(95% CI)

Mean Change/y
(95% CI), Relative
to Lower Activity

Category No.
Mean Change/y

(95% CI)

Mean Change/y
(95% CI), Relative
to Lower Activity

Category

BMIb
Lower 477 0.20 (0.17 to 0.23) 1 [Reference] 475 0.30 (0.25 to 0.34) 1 [Reference]

Moderate 102 0.14 (0.09 to 0.19) −0.06 (−0.11 to 0.00) 104 0.25 (0.15 to 0.34) −0.05 (−0.16 to 0.05)

Higher 201 0.15 (0.11 to 0.18) −0.05 (−0.10 to −0.01)c 206 0.17 (0.12 to 0.21) −0.13 (−0.19 to −0.07)c

Inconsistent patterns 909 0.20 (0.18 to 0.22) 0.00 (−0.04 to 0.03) 1080 0.25 (0.23 to 0.28) −0.05 (−0.10 to 0.00)

Waist, cm
Lower 477 0.67 (0.60 to 0.75) 1 [Reference] 475 0.67 (0.60 to 0.75) 1 [Reference]

Moderate 102 0.50 (0.36 to 0.64) −0.17 (−0.33 to −0.02)c 104 0.59 (0.40 to 0.79) −0.08 (−0.29 to 0.13)

Higher 201 0.52 (0.43 to 0.61) −0.15 (−0.27 to −0.03)c 206 0.49 (0.39 to 0.58) −0.19 (−0.31 to −0.06)c

Inconsistent patterns 909 0.64 (0.58 to 0.69) −0.04 (−0.13 to 0.06) 1080 0.67 (0.61 to 0.72) −0.01 (−0.10 to 0.09)
Abbreviation: BMI, body mass index; CI, confidence interval.
aValues are adjusted for examination center, race, baseline BMI, and the following time-dependent variables: age, education, alcohol intake, cigarette smoking, and energy intake.

Baseline ages for young adults are 18 to 30 years. Long-term physical activity categories are based on maintaining sex-specific baseline total activity score tertiles in at least
two-thirds of follow-up examinations: lower activity, less than 340 exercise units (men) and less than 192 exercise units (women); moderate activity, 340 to 607 exercise units
(men) and 192 to 397 exercise units (women); higher activity, at least 608 exercise units (men) and at least 398 exercise units (women); inconsistent patterns, all other patterns of
activity.

bBMI is calculated as weight in kilograms divided by height in meters squared.
cValues are significantly different (P� .05) from reference group.
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minutes of moderate activity per week
gained significantly less weight com-
pared with partipants who did not. Re-
lationships between activity and weight
gain were not modified by race or base-
line weight status. All associations were
independent of factors related to activ-
ity or adiposity, including age, educa-
tion, cigarette smoking status, alcohol
use, and energy intake. These results
suggest that maintaining higher activ-
ity levels during young adulthood may
lessen weight gain as young adults tran-
sition to middle age.

Our primary finding is in agree-
ment with several longitudinal obser-
vational studies showing an inverse as-
sociation between weight gain and
habitual activity.19-22 The present study
demonstrates these findings even more
clearly because our habitual activity cat-
egories, based on multiple measures of
activity, reflect habitual activity level
over time more accurately than stud-
ies characterizing habitual activity using
only 2 time points. Importantly, our re-
sults are observed during the 20-year
transition from young adulthood to
middle age, when the highest risk of
weight gain occurs.13

Although interventional studies of 12
months or less demonstrate weight loss
and weight maintenance with 30 min-
utes of activity,23 their short duration
could not test activity’s efficacy over
many years. Furthermore, partici-
pants in these intervention studies were
obese or weight-reduced at study en-

try, limiting application to secondary
prevention of weight gain rather than
primary prevention. This distinction is
critical because activity levels neces-
sary for weight loss or weight mainte-
nance in the obese may be substan-
tially different from the general
population.24 Our results extend the ap-
plication of short-term interventional
study findings to a general population
concerned with primary weight gain
prevention over many years.

The amount of activity for weight
gain prevention has been widely de-
bated.8,24,25 Our results support find-
ings from intervention studies suggest-
ing that 30 minutes of activity might be
sufficient.23,26,27 However, 2 observa-
tional studies have contrary findings.
Lee et al12 reported that 30 minutes of
activity was insufficient for weight gain
prevention over 13 years among
middle-aged women in the Women’s
Health Study. Among middle-aged men
in the Aerobics Center Longitudinal
Study, Di Pietro et al28 concluded that
maintaining even 60 minutes of daily
activity might not be sufficient to at-
tenuate age-related weight gain. Lee and
Di Pietro examined weight change in
middle-aged adults, which may ex-
plain the incongruent results. At older
ages, higher activity levels may be nec-
essary to overcome the well-docu-
mented age-related declines in resting
metabolic rate and lean body mass.29

This hypothesis is supported by the ob-
servation from the Women’s Health

Study, which shows that women
younger than 55 years maintaining 30
and 60 minutes of activity had similar
weight gain.

We observed greater control in
weight gain among women who main-
tain higher activity compared with men.
These sex differences could reflect re-
porting bias in self-reported activity or
energy intake data used by CARDIA.
Relationships between BMI and self-
reported activity are often stronger in
women who are less likely than men to
overreport activity.30 Indeed, the ob-
served stronger associations in women
are consistent with other reports using
self-reported activity data.16,24,30-34 Com-
pensatory changes in energy intake may
also account for sex differences in the
association between activity and
BMI.35-37 In the present study, men
maintaining higher activity levels re-
ported greater energy intake at all ex-
aminations compared with men with
lower activity. A compensatory in-
crease in energy intake with higher ac-
tivity could explain some lessening in
the association between activity and
weight change observed in men. This
hypothesis is highly speculative be-
cause the role of energy intake in the
relationship between activity and
weight change over time cannot be pre-
cisely measured from our data.

Although maintaining high activity
levels helps lessen weight gain, 2 cave-
ats of our observations should be high-
lighted. First, higher activity alone may

Table 4. Average Annual Changes in BMI and Waist Circumference for Young Adults by HHS-Recommended Activity Levelsa

Men Women

No.
Mean Change/y

(95% CI)

Mean Change/y
(95% CI), Relative

to Not Meeting HHS
Recommendations No.

Mean Change/y
(95% CI)

Mean Change/y
(95% CI), Relative

to Not Meeting HHS
Recommendations

BMIb
Did not meet HHS recommendations 799 0.21 (0.18 to 0.23) 1 [Reference] 1418 0.27 (0.25 to 0.30) 1 [Reference]

Met HHS recommendations 890 0.17 (0.15 to 0.19) −0.03 (−0.06 to −0.01)c 448 0.18 (0.15 to 0.22) −0.09 (−0.13 to −0.05)c

Waist circumference, cm
Did not meet HHS recommendations 799 0.67 (0.61 to 0.73) 1 [Reference] 1418 0.68 (0.64 to 0.73) 1 [Reference]

Met HHS recommendations 890 0.58 (0.53 to 0.63) −0.08 (−0.16 to −0.01)c 448 0.52 (0.44 to 0.60) −0.17 (−0.26 to −0.07)c

Abbreviations: BMI, body mass index; CI, confidence interval; HHS, Health and Human Services.
aHHS recommends at least 150 minutes of moderate activity per week, roughly equivalent to total activity score of at least 300 exercise units.
All values were adjusted for examination center, race, baseline BMI, and the following time-dependent variables: age, education, alcohol intake, cigarette smoking, and energy

intake.
bBMI was calculated as weight in kilograms divided by height in meters squared.
cValues are significantly different (P� .05) from reference group.
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not be sufficient to entirely prevent age-
related weight gain. At all activity lev-
els, men and women experienced gains
in BMI and waist circumference over 20
years. Some age-related weight gain may
be unavoidable in our society, as it has
been observed even among a popula-
tion of vigorously active runners
through middle-age.38 Second, only a
small proportion of adults maintain
higher activity levels over several
years. Our observed 11% to 12%
prevalence of habitual high activity
over 20 years supports interventional
data that less than one-third of partici-
pants maintain high activity after 2
years.39

Our use of 7 activity scores over
20 years to create categories of
habitual activity is an important
strength of this study; indeed, prior
longitudinal studies created habitual
activity variables using only 2 mea-
sures (baseline and follow-up),
regardless of the time interval be-
tween.20,22,28 Because there is no stan-
dard definition for habitual activity,
activity categories were created a
priori, making misclassification pos-
sible. We believe our methodology
accurately identifies a group of
people habitually active at high levels
over 20 years; still, it is possible that
tertile groups did not discriminate
sufficiently between high and low
activity.

Our study is limited by measuring ac-
tivity by self-report, which is known to
overestimate activity duration and in-
tensity. Our study is further limited by
lack of detail on activity duration. As a
result, we cannot translate the activity
dose used to define higher activity lev-
els into a precise exercise prescription
beyond that which was previously per-
formed to estimate the activity dose
equivalent to HHS activity recommen-
dations.

In conclusion, maintaining higher
levels of moderate and vigorous
activity throughout young adulthood
is associated with smaller gains in
BMI and waist circumference during
the transition from young adulthood
to early middle age, particularly in

women. Our results reinforce the
role of physical activity in minimiz-
ing weight gain and highlight the
value of incorporating and maintain-
ing at least 30 minutes of activity
into daily life throughout young
adulthood.
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True morality consists not in following the beaten
track, but in finding out the true path for ourselves
and fearlessly following it.

—Mohandas K. Gandhi (1869-1948)
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