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The authors examined the joint associations of adiposity (assessed by body mass index (BMI; weight (kg)/height
(m)2) and waist circumference) and physical activity with mortality to evaluate whether physical activity protects
against the adverse effects of high adiposity. Using data on 185,412 men and women aged 51–72 years partici-
pating in the National Institutes of Health-AARP Diet and Health Study, the authors assessed all-cause mortality
over 10 years (1996–2006). Overweight (BMI 25–<30), obesity (BMI �30), a large waist circumference (men:
�102 cm; women: �88 cm), and low physical activity were each independent predictors of mortality. Compared
with normal-weight persons (BMI 18.5–<25) who were physically active (>7 hours/week of moderate physical
activity), mortality risks were 1.62 (95% confidence interval (CI): 1.50, 1.75) for inactive normal-weight persons,
1.79 (95% CI: 1.37, 2.33) for active morbidly obese (BMI �35) persons, and 3.45 (95% CI: 2.79, 4.00) for inactive
morbidly obese persons. Similar results were found for the combined relation of BMI and vigorous physical activity.
Inactive persons with a large waist circumference had 2 times’ greater mortality risk than active persons with
a normal waist circumference. High physical activity attenuated but did not eliminate the increased mortality risk
associated with obesity. Preventing weight gain and promoting physical activity in older persons may lower
mortality risk.

abdominal fat; adiposity; body fat distribution; body mass index; exercise; mortality; motor activity

Abbreviations: BMI, body mass index; CI, confidence interval; HR, hazard ratio.

High adiposity and physical inactivity are important
health risk factors. Recent epidemiologic studies (1–9) of
the independent and joint relations of adiposity and physical
activity to mortality show that the combination of obesity
and physical inactivity or lack of fitness entails a greater
mortality risk than does each factor operating alone. Reports
from the Aerobics Center Longitudinal Study suggested that
a higher cardiorespiratory fitness level eliminated the in-
creased mortality risk in obese persons (2, 6–9), whereas
other studies found that physical activity attenuated but did
not eliminate the increased mortality risk in obese persons
(3–5).

Most previous analyses of adiposity and mortality (1, 2,
4, 5) have focused on body mass index (BMI) as an in-

dicator of overall adiposity, without considering specific
measures of body fat distribution. However, anthropomet-
ric studies have shown that a high level of abdominal fat is
a risk factor for several chronic diseases, independently of
total body fat (10–12). Furthermore, studies have demon-
strated that a large waist circumference is a strong predic-
tor of mortality (13–15). In a recent study, Katzmarzyk
et al. (16) found that physical inactivity and a large waist
circumference were independent risk factors for premature
mortality among women. Data regarding the joint relations
of central adiposity and physical activity to mortality are
sparse (7).

Using data from the National Institutes of Health-AARP
Diet and Health Study, a large cohort study of older adults,
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we examined the joint associations of adiposity and physical
activity with mortality to evaluate whether physical activity
protects against the adverse effects of high adiposity. Few
studies have examined the effect of combined associations
of adiposity and physical activity on mortality in older
adults. We considered both BMI and waist circumference
as measures of adiposity.

MATERIALS AND METHODS

Study population

The National Institutes of Health-AARP (formerly known
as the American Association of Retired Persons) Diet and
Health Study was initiated in 1995–1996 when an extensive
baseline questionnaire was mailed to 3.5 million AARP
members aged 50–71 years who resided in 1 of 6 US states
(California, Florida, Louisiana, New Jersey, North Carolina,
and Pennsylvania) or 2 US metropolitan areas (Atlanta,
Georgia, and Detroit, Michigan) (17). Out of 617,119 ques-
tionnaires returned (17.6%), 567,169 (16.2%) were satisfac-
torily completed. In 1996–1997, a second questionnaire was
sent to participants who successfully completed the baseline
questionnaire to collect additional information on diet, fam-
ily history of cancer, anthropometric factors (including
waist circumference and body weight at age 50 years), phys-
ical activity, and use of menopausal hormone therapy. A
total of 238,866 respondents successfully completed the
second questionnaire and had full data on waist circumfer-
ence, BMI, and physical activity.

Since data on waist circumference and more detailed in-
formation on physical activity were first reported on the
second questionnaire, respondents to the second question-
naire represented the cohort of eligible study participants for
the current analysis. We excluded persons with a waist cir-
cumference less than 60 cm (n ¼ 549) and those with a BMI
less than 18.5 or higher than 60 (n ¼ 5,336). We further
excluded persons who reported cancer, cardiovascular dis-
ease, or emphysema (n ¼ 47,569). This resulted in an ana-
lytic cohort of 185,412 participants.

The National Institutes of Health-AARP Study was ap-
proved by the Special Studies Institutional Review Board of
the National Cancer Institute.

Measures

Mortality. From 1996–1997 through December 31, 2006,
vital status was determined by annual linkage of cohort
members to the Social Security Administration Death Mas-
ter File (18) and follow-up searches of the National Death
Index. We estimate that follow-up for deaths in our cohort
was more than 93% complete (19, 20).

Body mass index. Current height was reported in feet
and inches, and weight at age 50 years was reported to the
nearest pound. We used weight at age 50 years as the basis
for calculating BMI because previous research in our cohort
showed that it was more strongly and more linearly associ-
ated with mortality than was BMI derived from current
weight (21). BMI was calculated as weight in kilograms
divided by height in meters squared and was divided into

4 categories: 18.5–<25 (normal-weight), 25–<30 (over-
weight), 30–<35 (obese), and �35 (morbidly obese).

Waist circumference. Using a pictured instruction, par-
ticipants were requested to measure their waist with a tape
measure 1 inch (25.4 mm) above the navel while standing
and to report values to the nearest quarter inch (6.4 mm).
Four categories of waist circumference were created: group
1—men <94 cm, women <80 cm; group 2—men 94–<102
cm, women 80–<88 cm; group 3—men 102–<110 cm,
women 88–<96 cm; and group 4—men �110 cm, women
�96 cm. The first 3 categories were in accordance with the
previously used ‘‘action levels’’ of waist circumference
(10), where category 1 was considered a normal waist cir-
cumference, category 2 as action level 1, and category 3 as
action level 2. Thirty-one percent of our study population
had a waist circumference above action level 2; therefore,
we created an additional (fourth) category to classify people
with a more extreme waist circumference.

Physical activity. Moderate-to-vigorous physical activity
was assessed by means of a question on the second ques-
tionnaire about the average amount of time spent each week
in activities involving at least moderate exertion, with the
following response options: weekly but less than 1 hour per
week; 1–3 hours per week; 4–7 hours per week; and more
than 7 hours per week. Examples of moderate activity were
brisk walking/fast dancing, walking during golf, hiking/
mountain climbing, cheerleading/drill team, tennis, biking,
swimming, aerobics, jogging/running, rowing, basketball/
baseball, football/soccer, handball/racquetball, weight lift-
ing, heavy gardening, and heavy housework.

Vigorous physical activity was assessed by means of
a question on the baseline questionnaire about how often
a person had participated in physical activities at work or at
home (including exercise, sports, and activities such as car-
rying heavy loads for at least 20 minutes) that caused in-
creases in breathing, increases in heart rate, or sweating
during a typical month in the past 12 months. Categories
of vigorous physical activity were never, rarely, 1–3 times
per month, 1–2 times per week, 3–4 times per week, and 5 or
more times per week.

Covariates. Sociodemographic variables included age,
sex, and race/ethnicity (non-Hispanic white, non-Hispanic
black, Hispanic, Asian, and Pacific Islander or American
Indian). Categories of education were 11 years or less, 12
years or completion of high school, post-high-school study
or some college, college graduation, and postgraduate study.
Smoking status was categorized in 4 groups as never
smoker, former smoker who had stopped smoking 10 or
more years previously, former smoker who had stopped
smoking less than 10 years previously, and current smoker.
Alcohol consumption over the past 12 months was assessed
as part of a food frequency questionnaire (17). From total
alcohol intake in grams per day, 4 categories were created:
0, >0–<5, 5–<15, and �15 g/day.

Statistical analysis

Age-standardized mortality rates were calculated and
were standardized to the age distribution of the cohort in
men and women using 5-year age categories. We fitted Cox
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proportional hazards models to estimate individual and joint
hazard ratios for the effects of the relation between BMI and
physical activity and the relation between waist circumfer-
ence and physical activity on time to death. Analyses were
adjusted for age, sex, race/ethnicity, education, smoking
status, and alcohol consumption. The analyses of the joint
effects of waist circumference and physical activity were
additionally adjusted for BMI. The reference group con-
sisted of men and women with the highest physical activity
level and a normal BMI or a normal waist circumference.
Because smoking is related to lower body weight and in-
creased mortality, we also examined the joint relations of
adiposity and physical activity among never smokers. We
investigated the proportional hazards assumption by testing
the constancy of the log hazard ratio over time by means of
log-minus-log survival plots; according to the test, the pro-
portional hazards assumption was not violated. Analyses
were performed using SPSS, version 15.0 (SPSS Inc.,
Chicago, Illinois).

RESULTS

During 10 years of follow-up, 10,948 men and 4,615
women died. Table 1 shows the baseline characteristics of
the study population according to BMI, waist circumfer-
ence, and moderate and vigorous physical activity. Persons
with the highest BMI or the largest waist circumference had
a lower educational level, were less physically active, were
less likely to currently smoke, and had a lower alcohol in-
take than persons with a normal BMI (18.5–<25) or a nor-
mal waist circumference (category 1). Inactive persons had
a lower educational level, were more likely to currently
smoke, and had a lower alcohol intake than persons with
higher moderate or vigorous physical activity levels.

In comparison with a normal weight, overweight (BMI
25–<30; hazard ratio (HR) ¼ 1.08, 95% confidence inter-
val (CI): 1.05, 1.12), obesity (BMI 30–<35; HR ¼ 1.48,
95% CI: 1.40, 1.57), and morbid obesity (BMI �35; HR ¼
2.08, 95% CI: 1.91, 2.27) were associated with significantly

Table 1. Baseline Characteristics of Study Participants According to Body Mass Index, Waist Circumference, and Physical Activity Level

(n ¼ 185,412), National Institutes of Health-AARP Diet and Health Study, 1996–2006

No. of
Subjects

Mean
Age,
years

Non-Hispanic
White

Race/Ethnicity, %

College or
Postgraduate
Education, %

Mean Body
Mass Indexa

Mean Waist
Circumference,

cm
Inactiveb, %

Current
Smoker,

%

Alcohol
Intake

‡15 g/day, %

Body mass index
at age 50 years

18.5–<25 94,307 63.0 (5.2)c 93.8 45.8 22.6 (1.5) 85.5 (10.7) 4.0 11.8 23.0

25–<30 71,131 62.4 (5.3) 93.2 44.4 26.9 (1.4) 97.6 (9.9) 5.0 8.8 24.9

30–<35 15,415 61.0 (5.4) 92.7 39.1 31.9 (1.4) 106.9 (11.8) 8.4 8.6 18.4

�35 4,559 59.8 (5.3) 91.5 35.0 38.9 (4.0) 115.2 (15.6) 15.0 7.6 10.4

Waist circumference
categoryd

1 78,582 62.2 (5.4) 92.7 47.8 23.4 (2.5) 82.7 (8.8) 3.2 11.7 24.1

2 49,414 62.9 (5.3) 93.8 44.2 25.4 (2.9) 93.0 (7.4) 4.3 9.5 24.2

3 29,722 63.0 (5.2) 94.2 42.3 26.8 (3.3) 100.4 (7.4) 6.0 9.0 23.0

4 27,694 62.5 (5.3) 94.0 37.6 29.7 (5.0) 111.8 (10.5) 10.3 9.0 18.3

Moderate physical
activity, hours/week

>7 47,708 63.0 (5.2) 94.3 42.9 24.8 (3.4) 89.7 (12.3) 8.7 25.5

4–7 49,826 62.6 (5.3) 94.1 47.6 25.1 (3.5) 91.3 (12.7) 9.1 23.8

1–3 46,867 62.3 (5.4) 93.4 45.6 25.6 (3.9) 93.4 (13.2) 10.6 21.9

<1 18,669 62.1 (5.4) 92.1 42.7 26.1 (4.3) 95.6 (13.9) 11.9 20.7

Inactive 22,342 62.4 (5.4) 91.4 39.3 26.6 (4.8) 97.4 (14.9) 14.2 20.6

Vigorous physical
activity, times/week

�5 39,378 63.0 (5.2) 93.9 47.9 24.9 (3.5) 90.1 (12.4) 6.7 25.4

3–4 53,819 62.8 (5.3) 93.5 48.2 25.1 (3.5) 91.5 (12.7) 7.6 23.9

1–2 41,513 62.2 (5.3) 93.9 45.2 25.5 (3.8) 93.5 (13.2) 11.1 22.8

<1 24,466 61.9 (5.4) 93.7 41.9 25.9 (4.1) 94.7 (13.9) 13.6 21.4

Inactive 26,236 62.5 (5.3) 91.6 32.6 26.2 (4.8) 95.4 (15.0) 16.7 19.8

a Weight (kg)/height (m)2.
b Inactive for both moderate and vigorous physical activity.
c Numbers in parentheses, standard deviation.
d Group 1: men <94 cm, women <80 cm; group 2: men 94–<102 cm, women 80–<88 cm; group 3: men 102–<110 cm, women 88–<96 cm;

group 4: men �110 cm, women �96 cm.

1346 Koster et al.

Am J Epidemiol 2009;169:1344–1351



greater mortality risk (Table 2). Persons with a waist cir-
cumference in the third (HR ¼ 1.09, 95% CI: 1.04, 1.14) or
fourth (HR ¼ 1.47, 95% CI: 1.40, 1.53) category had a sig-
nificantly greater mortality risk than persons with a normal
waist circumference. Low moderate and vigorous physical
activity levels were independent risk factors for mortality.
Inactive persons had a more than 50% greater mortality risk
than the most active persons.

The increased risks of mortality conferred by excess ad-
iposity were similar among both physically active and in-
active persons; no significant interactions were observed (all
P’s > 0.10). The joint relations of BMI and physical activity
and waist circumference and physical activity are shown in
Tables 3 and 4 and Figures 1 and 2. Interactions with sex
were not statistically significant (all P’s > 0.10); therefore,
all results are shown for men and women combined. In each

BMI group, mortality rates increased with decreasing levels
of physical activity. Likewise, in each physical activity
group, mortality rates rose with increasing BMI levels
(Figure 1), and we did not see an attenuation of the effect
of obesity by physical activity. Compared with persons with
a combination of normal BMI and more than 7 hours per
week of moderate physical activity, mortality risk was sig-
nificantly increased in groups with lower physical activity
levels within the same BMI range (Table 3). The greatest
risk was observed in inactive persons (HR ¼ 1.62, 95% CI:
1.50, 1.75). In the most active group (>7 hours/week), mor-
tality risks were significantly higher in overweight and
obese persons, with the highest risk being seen in morbidly
obese persons (BMI �35; HR ¼ 1.79, 95% CI: 1.37, 2.33).
Inactive morbidly obese persons had a particularly high
mortality risk (HR ¼ 3.45, 95% CI: 2.97, 4.00).

Table 2. Mortality Ratesa and Hazard Ratiosb for Mortality According to Body Mass Index, Waist Circumference,

and Physical Activity (n ¼ 185,412), National Institutes of Health-AARP Diet and Health Study, 1996–2006

Person-Years
of Follow-Up

No. of
Deaths

Mortality
Rate

Hazard
Ratio

95%
Confidence
Interval

P Value From
Trend Test

Body mass indexc

at age 50 yearsd
<0.01

18.5–<25 919,713 7,302 792 1.00 Referent

25–<30 690,634 6,110 932 1.08 1.05, 1.12

30–<35 148,482 1,598 1,287 1.48 1.40, 1.57

�35 43,620 553 1,676 2.08 1.91, 2.27

Waist circumference
categoryd,e

<0.01

1 767,082 5,845 812 1.00 Referent

2 480,615 3,981 839 1.02 0.98, 1.06

3 288,497 2,615 912 1.09 1.04, 1.14

4 266,254 3,122 1,220 1.47 1.40, 1.53

Moderate physical
activity, hours/weekf

<0.01

�7 466,369 3,445 741 1.00 Referent

4–7 485,946 3,839 822 1.11 1.06, 1.16

1–3 455,798 3,869 905 1.18 1.13, 1.24

<1 180,796 1,727 1,042 1.30 1.22, 1.37

Inactive 213,540 2,683 1,327 1.54 1.46, 1.62

Vigorous physical
activity, times/weekf

<0.01

�5 384,706 2,852 746 1.00 Referent

3–4 525,965 4,005 775 1.04 0.99, 1.09

1–2 403,721 3,413 907 1.15 1.09, 1.21

<1 237,415 2,135 997 1.21 1.14, 1.28

Inactive 250,641 3,158 1,323 1.55 1.47, 1.63

a Age-standardized mortality rate per 100,000 person-years, standardized to the age distribution of the cohort in

men and women.
b Adjusted for age, race/ethnicity, education, smoking status, physical activity, and alcohol consumption.
c Weight (kg)/height (m)2.
d Adjusted for moderate physical activity.
e Group 1: men <94 cm, women <80 cm; group 2: men 94–<102 cm, women 80–<88 cm; group 3: men 102–

<110 cm, women 88–<96 cm; group 4: men �110 cm, women �96 cm.
f Adjusted for body mass index.
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We also examined the joint relations of adiposity and
physical activity among never smokers (data not tabulated).
In never smokers, the BMI gradient among the most active
persons was particularly strong. Compared with active normal-
weight persons, active obese persons had a 2 times’ higher

mortality risk (HR ¼ 2.05, 95% CI: 1.61, 2.60) and active
morbidly obese persons had a more than 3 times’ greater
mortality risk (HR ¼ 3.25, 95% CI: 2.16, 4.94). A similar
pattern was found for the combination of BMI and vigorous
physical activity in relation to risk of mortality.

Table 3. Mortality Ratesa and Hazard Ratiosb for Mortality According to the Combination of Body Mass Index and Moderate Physical Activity and

the Combination of Waist Circumference andModerate Physical Activity (n ¼ 185,412), National Institutes of Health-AARP Diet and Health Study,

1996–2006

Moderate Physical Activity, hours/week

>7 4–7 1–3 <1 Inactive

MR HR 95% CI MR HR 95% CI MR HR 95% CI MR HR 95% CI MR HR 95% CI

Body mass indexc

at age 50 years

18.5–<25 653 1.00 Referent 735 1.14 1.07, 1.21 815 1.22 1.14, 1.30 935 1.33 1.22, 1.45 1,206 1.62 1.50, 1.75

25–<30 806 1.15 1.07, 1.23 864 1.23 1.15, 1.32 928 1.31 1.22, 1.40 996 1.39 1.27, 1.52 1,303 1.71 1.58, 1.85

30–<35 1,151 1.62 1.42, 1.84 1,211 1.73 1.53, 1.95 1,187 1.76 1.57, 1.96 1,523 2.16 1.89, 2.47 1,505 2.12 1.89, 2.38

�35 1,149 1.79 1.37, 2.33 1,601 2.45 1.98, 3.04 1,583 2.49 2.08, 2.98 1,631 2.75 2.20, 3.44 2,158 3.45 2.97, 4.00

Waist circumference
categoryd

1 684 1.00 Referent 756 1.11 1.04, 1.19 853 1.20 1.12, 1.29 977 1.28 1.16, 1.42 1,303 1.61 1.48, 1.76

2 734 1.10 1.00, 1.21 759 1.15 1.05, 1.27 828 1.22 1.11, 1.35 961 1.36 1.21, 1.54 1,225 1.64 1.47, 1.83

3 782 1.15 1.00, 1.32 888 1.33 1.17, 1.51 885 1.31 1.16, 1.49 990 1.44 1.24, 1.67 1,154 1.59 1.39, 1.83

4 999 1.44 1.23, 1.68 1,097 1.55 1.34, 1.80 1,156 1.62 1.41, 1.87 1,283 1.75 1.50, 2.04 1,561 2.01 1.74, 2.32

Abbreviations: CI, confidence interval; HR, hazard ratio; MR, mortality rate.
a Age-standardized mortality rate per 100,000 person-years, standardized to the age distribution of the cohort in men and women.
b Adjusted for sex, age, race/ethnicity, education, smoking status, and alcohol consumption.
c Weight (kg)/height (m)2.
d Group 1: men <94 cm, women <80 cm; group 2: men 94–<102 cm, women 80–<88 cm; group 3: men 102–<110 cm, women 88–<96 cm;

group 4: men �110 cm, women �96 cm. Results were additionally adjusted for body mass index.

Table 4. Mortality Ratesa and Hazard Ratiosb for Mortality According to the Combination of Body Mass Index and Vigorous Physical Activity and

the Combination of Waist Circumference and Vigorous Physical Activity (n ¼ 185,412), National Institutes of Health-AARP Diet and Health Study,

1996–2006

Vigorous Physical Activity, times/week

‡5 3–4 1–2 <1 Inactive

MR HR 95% CI MR HR 95% CI MR HR 95% CI MR HR 95% CI MR HR 95% CI

Body mass indexc

at age 50 years

18.5–<25 658 1.00 Referent 684 1.04 0.97, 1.11 826 1.18 1.10, 1.27 870 1.20 1.10, 1.30 1,189 1.56 1.45, 1.68

25–<30 794 1.09 1.01, 1.18 831 1.15 1.07, 1.23 893 1.21 1.12, 1.30 1,042 1.34 1.23, 1.46 1,334 1.73 1.60, 1.87

30–<35 1,155 1.59 1.39, 1.83 1,072 1.53 1.35, 1.72 1,294 1.79 1.59, 2.00 1,403 1.89 1.66, 2.15 1,571 2.12 1.89, 2.37

�35 1,358 2.00 1.55, 2.59 1,426 2.14 1.74, 2.64 1,839 2.76 2.30, 3.32 1,347 2.09 1.64, 2.65 2,093 3.38 2.91, 3.91

Waist circumference
categoryd

1 684 1.00 Referent 705 1.03 0.96, 1.11 869 1.18 1.09, 1.27 917 1.19 1.09, 1.31 1,315 1.60 1.47, 1.74

2 707 1.04 0.95, 1.14 746 1.11 1.02, 1.20 830 1.19 1.09, 1.30 976 1.34 1.21, 1.48 1,176 1.58 1.44, 1.73

3 819 1.19 1.06, 1.33 806 1.19 1.08, 1.31 889 1.27 1.15, 1.41 948 1.32 1.18, 1.49 1,197 1.66 1.49, 1.84

4 1,085 1.50 1.33, 1.70 1,049 1.48 1.33, 1.64 1,141 1.56 1.41, 1.73 1,183 1.54 1.37, 1.72 1,557 2.03 1.85, 2.24

Abbreviations: CI, confidence interval; HR, hazard ratio; MR, mortality rate.
a Age-standardized mortality rate per 100,000 person-years, standardized to the age distribution of the cohort in men and women.
b Adjusted for sex, age, race/ethnicity, education, smoking status, and alcohol consumption.
c Weight (kg)/height (m)2.
d Group 1: men <94 cm, women <80 cm; group 2: men 94–<102 cm, women 80–<88 cm; group 3: men 102–<110 cm, women 88–<96 cm;

group 4: men �110 cm, women �96 cm. Results were additionally adjusted for body mass index.

1348 Koster et al.

Am J Epidemiol 2009;169:1344–1351



In comparison with the most active persons with a normal
waist circumference, mortality risk rose with increasing
waist circumference as well as with decreasing physical
activity levels (Tables 3 and 4, Figure 2). Inactive persons
with a normal waist circumference had a similarly increased
mortality risk (HR ¼ 1.61, 95% CI: 1.48, 1.76) as the most
active persons with the largest waist circumference (HR ¼
1.44, 95% CI: 1.23, 1.68) (Table 3). The highest mortality
risk was found among persons with the largest waist circum-
ference who were physically inactive (HR ¼ 2.01, 95% CI:
1.74, 2.32), as compared with active persons with a normal
waist circumference. Similar patterns were found in never
smokers and for the combined relations of waist circumfer-
ence and vigorous physical activity.

DISCUSSION

In this large prospective cohort study of older adults,
overweight (BMI 25–<30), obesity (BMI �30), a large
waist circumference, and low physical activity levels were
each independent predictors of mortality. The increased
risks of mortality conferred by excess weight or a large
waist circumference were similar among both physically

active and inactive persons. Compared with active normal-
weight persons, inactive normal-weight persons had a simi-
larly high mortality risk as active obese persons. The highest
mortality risks were found among inactive morbidly obese
persons, who had a 3.5 times’ higher mortality risk. Inactive
persons with a large waist circumference had a mortality
risk 2 times higher than that of active persons with a normal
waist circumference.

In the Aerobics Center Longitudinal Study, greater car-
diorespiratory fitness was a more important predictor of
mortality than was BMI, suggesting that higher fitness elim-
inates the increased mortality risk in obese persons (2, 6–9).
In other studies, however, investigators reported that high
physical activity levels attenuated but did not eliminate the
increased mortality risk associated with obesity. For exam-
ple, in a large cohort of women aged 30–55 years partici-
pating in the Nurses’ Health Study, increased adiposity and
reduced physical activity were strong independent predic-
tors of death, and high levels of physical activity did not
eliminate the excess mortality associated with obesity (3). In
another study, Stevens et al. (5) did not find a significant
interaction between fitness and fatness in Russian or American
men for all-cause mortality. A large study in middle-aged

Figure 1. Age-standardized mortality rate per 100,000 person-years
(standardized to the age distribution of the cohort in men and women)
according to the combination of body mass index (weight (kg)/height
(m)2) and moderate and vigorous physical activity, National Institutes
of Health-AARP Diet and Health Study, 1996–2006. Body mass index
categories: , 18.5–<25 (normal-weight); , 25–<30 (overweight);

, 30–<35 (obese); , �35 (morbidly obese).

Figure 2. Age-standardized mortality rate per 100,000 person-years
(standardized to the age distribution of the cohort in men and women)
according to the combination of waist circumference and moderate
and vigorous physical activity, National Institutes of Health-AARPDiet
and Health Study, 1996–2006. Waist circumference categories: ,
group 1 (men <94 cm, women <80 cm); , group 2 (men 94–<102
cm, women 80–<88 cm); , group 3 (men 102–<110 cm, women
88–<96 cm); , group 4 (men �110 cm, women �96 cm).
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Finnish men and women showed that regular physical ac-
tivity and normal weight were both important indicators for
decreased risk of mortality (4).

To our knowledge, our study is by far the largest study to
have examined the joint relations of adiposity and physical
activity with mortality risk in both men and women, and it
does not support the hypothesis that physical activity pro-
tects against the apparent adverse effects of obesity.
Cardiorespiratory fitness was not assessed in the present
study. However, physical activity is the primary determinant
of fitness that is modifiable. Persons who regularly engage in
moderate physical activity can attain a fitness level sufficient
to result in important and substantial health benefits (22).
We found a strong mortality gradient with increasing BMI in
all physical activity groups. Morbidly obese people who
were physically active had an approximately 2 times’ higher
mortality risk than their normal-weight counterparts. Addi-
tionally, equally high mortality risks were found in active
obese persons and inactive normal-weight persons.

The joint relations of waist circumference and physical
activity with mortality risk have not been studied exten-
sively (7). We previously showed that a large waist circum-
ference was associated with increased mortality risk,
independently of BMI (15). In the present study we also
adjusted for BMI, so the effect of waist circumference
across physical activity groups was independent of total
adiposity. This suggests that a large waist circumference
should be considered a risk factor for mortality, in addition
to BMI. We excluded persons with chronic disease at base-
line in order to minimize the potential effect of disease on
adiposity and physical activity levels. Because smoking is
associated with lower body weight and an increased mor-
tality risk, we also examined the results in never smokers
only. In never smokers, the BMI gradient was stronger in the
more physically active groups.

Promoting regular physical activity may lower all-cause
mortality rates in both obese and nonobese older adults.
The finding that mortality risks were greater in obese per-
sons than in normal-weight persons regardless of physical
activity level suggests that preventing weight gain or
weight loss may also lower mortality risk. However, losing
weight may also have unintended negative health conse-
quences, such as the loss of muscle mass or loss of bone
(23, 24). While involuntary weight loss has been associated
with increased mortality risk in older persons, voluntary
weight loss has been associated with positive effects on
physical functioning, cardiovascular disease risk, and di-
abetes risk (25–27). Rather than focusing only on weight
loss, interventions focusing on weight loss through the
promotion of physical activity may be an effective strategy
for lowering mortality risk. An additional beneficial effect
of increasing physical activity levels in obese and over-
weight persons might be the conservation of muscle mass
and strength (28, 29).

Some limitations of this study should be considered.
Height and weight were self-reported. Self-reported height
and weight are generally known to be accurate, although
heavy persons are more likely to underreport their weight
(30). We used BMI at age 50 years; therefore, we may not
have captured acute effects of BMI on mortality. Waist

circumference was self-measured by participants. Self-
reported waist circumference has been found to be a valid
approximation of measured waist circumference (30, 31).
For example, in a study carried out among 123 men aged
40–75 years and 140 women aged 41–65 years, Rimm et al.
(31) reported crude Pearson coefficients for correlation be-
tween self-reported and measured waist circumference of
0.95 for men and 0.89 for women. Physical activity was
also assessed by self-report, which may have led to mis-
classification (32). Validation studies comparing physical
activity questionnaires with referent methods suggested that
physical activity assessment by questionnaires was reason-
ably valid and reliable (33).

In conclusion, we found high adiposity and low phys-
ical activity to be independent and important risk factors
for mortality. High physical activity attenuated but did not
eliminate the increased mortality risk associated with obe-
sity. The combination of high adiposity with physical in-
activity particularly increased mortality risk. Preventing
weight gain and promoting physical activity in both obese
and nonobese older persons may lower the risk of death.
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