
Obesity as Compared With Physical Activity in Predicting Risk
of Coronary Heart Disease in Women

Tricia Y. Li, MD, Jamal S. Rana, MD, JoAnn E. Manson, MD, Walter C. Willett, MD, Meir J.
Stampfer, MD, Graham A. Colditz, MD, Kathryn M. Rexrode, MD, and Frank B. Hu, MD
Departments of Nutrition and Epidemiology (T.Y.L., J.E.M., W.C.W., M.J.S., G.A.C., F.B.H.),
Harvard School of Public Health, the Channing Laboratory (J.E.M., W.C.W., M.J.S., G.A.C.,
F.B.H.), and the Division of Preventive Medicine (J.E.M., K.M.R.), Department of Medicine,
Harvard Medical School and Brigham and Women’s Hospital, Boston, Mass; and the Department
of Medicine (J.S.R.), University of Pittsburgh Medical Center, Pittsburgh, Pa

Abstract
Background—The comparative importance of physical inactivity and obesity as predictors of
coronary heart disease (CHD) risk remains unsettled.

Methods and Results—We followed 88 393 women, 34 to 59 years of age, in the Nurses’
Health Study from 1980 to 2000. These participants did not have cardiovascular disease and
cancer at baseline. We documented 2358 incident major CHD events (including nonfatal
myocardial infarction and fatal CHD) during 20 years of follow-up, including 889 cases of fatal
CHD and 1469 cases of nonfatal myocardial infarction. In a multivariate model adjusting for
cardiovascular risk factors, overweight and obesity were significantly associated with increased
risk of CHD, whereas increasing levels of physical activity were associated with a graded
reduction in CHD risk (P<0.001). In joint analyses of body mass index (BMI) and physical
activity in women who had a healthy weight (BMI, 18.5 to 24.9 kg/m2) and were physically active
(exercise ≥3.5 h/wk) as the reference group, the relative risks of CHD were 3.44 (95% confidence
interval [CI], 2.81 to 4.21) for women who were obese (BMI ≥30 kg/m2) and sedentary (exercise
<1 h/wk), 2.48 (95% CI, 1.84 to 3.34) for women who were active but obese, and 1.48 (95% CI,
1.24 to 1.77) for women who had a healthy weight but were sedentary. In combined analyses of
waist-hip ratio and physical activity, both waist-hip ratio and physical activity were significant
predictors of CHD, and the highest risk was among women in the lowest category of physical
activity and the highest tertile of waist-hip ratio (relative risk=3.03; 95% CI, 1.96 to 4.18). Even a
modest weight gain (4 to 10 kg) during adulthood was associated with 27% (95% CI, 12% to
45%) increased risk of CHD compared with women with a stable weight after adjusting for
physical activity and other cardiovascular risk factors.

Conclusions—Obesity and physical inactivity independently contribute to the development of
CHD in women. These data underscore the importance of both maintaining a healthy weight and
regular physical activity in preventing CHD.
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Both obesity and physical inactivity are recognized as major risk factors for the development
of coronary heart disease (CHD), and modifying these factors is considered an effective
lifestyle intervention for CHD prevention.1 However, the relative importance of obesity and
physical activity as predictors of CHD risk remains controversial. In a recent report, Wessel
et al2 found that among 906 women undergoing coronary angiography or suspected
ischemia, self-reported physical fitness scores but not measures of obesity were
independently associated with CHD incidence. This study was relatively small, however,
and most women had existing coronary disease at baseline. Thus, it is not clear whether the
results apply to healthy women. Recently, we reported that body mass index (BMI) and
physical activity independently predicted total and cause-specific mortality.3 In the present
study, we examined independent and joint associations of physical activity and adiposity
measures (BMI, waist circumference, and waist-to-hip ratio [WHR]) with incidence of CHD
during 20 years of follow-up in the Nurses’ Health Study (NHS).

Methods
The NHS cohort was established in 1976, when 121 700 female registered nurses, 30 to 55
years of age, completed a mailed questionnaire about their medical history and lifestyle.
Women have provided information regarding lifestyle and health conditions biennially since
1976. The 1980 questionnaire asked about weight at 18 years of age; about 80% of the
participants provided the information. Diet and physical activity were assessed through the
use of validated questionnaires starting from 1980.4 For this study, we included 88 393
women in the analyses after excluding those who reported cardiovascular disease or cancer
at baseline in 1980. The study was approved by the Human Research Committees at the
Brigham and Women’s Hospital.

Assessment of Overall and Abdominal Adiposity
BMI was calculated as weight in kilograms divided by the square of height in meters (kg/
m2) to assess overall obesity. Self-reported weights were validated among 184 participants
in the NHS living in the Boston area and were highly correlated with measured weights
(r=0.96; mean difference [self-reported − measured weight]=−1.5 kg).5 Recalled weight at
age 18 years was also highly correlated (r=0.87; mean difference [recalled − measured
weight]=−1.4 kg) with measured weight from the physical examination records for the same
age among 118 women from another cohort of female nurses.6

In 1986, NHS participants measured and reported measurements of their waist (at the
umbilicus) and hip (the largest circumference) to the nearest quarter of an inch. In a
validation study, the correlations between self-reported and technician-measured
circumferences were 0.89 for the waist, 0.84 for the hip, and 0.70 for the WHR.7

Assessment of Physical Activity
Physical activity measures were described in detail previously.3 Women were first asked
about physical activity on the 1980 questionnaire. They were asked to report the average
number of hours spent each week during the past year on moderate (eg, brisk walking) and
on vigorous recreational activities (eg, vigorous sports and jogging). A similar question was
included in the 1982 questionnaire. In 1986, 1988, 1992, 1996, and 1998, women were
asked to report the average time spent per week on the following activities: walking,
jogging, running, bicycling, lap swimming, playing tennis or squash, and participating in
calisthenics. Using this information, we calculated the average amount of time per week
spent in moderate-to-vigorous activities (requiring 3 or more metabolic equivalents per hour,
including brisk walking) at each time point.8

Li et al. Page 2

Circulation. Author manuscript; available in PMC 2011 November 8.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Our validation study indicated relatively good validity and reproducibility for the
questionnaire. The correlation between physical activity reported on 1-week recalls and that
reported on the questionnaire was 0.79. The correlation between moderate to vigorous
activity reported in diaries and that reported on the questionnaire was 0.62. In a separate
population 20 to 59 years of age, recruited from a university community (n=103), the
correlation between the physical activity score on a very similar questionnaire and
maximum oxygen consumption was 0.54.9

Assessment of CHD Incidence
The end point for this study was the incidence of CHD (including CHD deaths and nonfatal
myocardial infarction [MI] occurring after the return of the 1980 questionnaire but before
June 1, 2000). We sought to obtain medical records for all self-reported MIs. Records were
reviewed by physicians with no knowledge of the self-reported risk factor status. MI was
confirmed according to World Health Organization criteria: symptoms plus either diagnostic
ECG changes or elevated cardiac enzymes. Deaths were reported by next of kin and the
postal system or ascertained through the National Death Index. Follow-up for the deaths was
more than 98% complete.10 Fatal coronary disease was defined as fatal MI if this was
confirmed by hospital records or autopsy or if coronary disease was listed as the cause of
death on the certificate and this was the underlying and most plausible cause and if evidence
of previous coronary disease was available. Sudden death within 1 hour of onset of
symptoms in women with no other plausible cause other than coronary disease (8% of fatal
CHD) was also included.

Statistical Analysis
We grouped women into 9 categories of BMI measured in 1980, which included standard
cutoffs for underweight (BMI <18.5), overweight (BMI ≥25), class 1 obesity (BMI ≥30),
class 2 obesity (BMI ≥35), and class 3 obesity (BMI ≥40). We calculated weight change
between age 18 and 1980 and grouped women into 5 categories [loss ≥4 kg, stable (weight
change <4 kg), gain 4 to 10 kg, gain 10.1 to 19.9 kg, gain 20 to 39.9 kg, gain ≥40 kg]. For
all analyses, we excluded women with reported cancer or cardiovascular disease at baseline.
Women with cancer who died during follow-up also were excluded. Participants contributed
person-time from the date of return of the 1980 (BMI analyses) or 1986 (waist and hip
circumference analyses) questionnaires until the date of death or June 1, 2000, whichever
came first. The relative risk (RR) was calculated as the rate for a given category of BMI as
compared with the referent category. Age-adjusted analyses were conducted through the use
of 5-year age categories by the Mantel-Haenszel method.11 Cox proportional hazard
regression12 was used to adjust for age and other potential confounders, including smoking,
alcohol use, menopausal status/postmenopausal hormone use, aspirin use, and parental
history of MI before 60 years of age.

To best represent long-term physical activity levels and to reduce measurement error, we
created measures of cumulative average of hours of moderate to vigorous activities from all
available questionnaires up to the start of each 2-year follow-up interval.13 Consistent with
our previous study,3 physical activity was divided into 3 categories: <1 h/wk, 1 to 3.49 h/
wk, and ≥3.5 h/wk. In a secondary analysis, we additionally controlled for a dietary score
reflecting higher intakes of the ratio of polyunsaturated fat as opposed to saturated fat,
marine omega-3 fatty acids, folate, and cereal fiber and low intakes of trans fat and glycemic
load.14 To examine the joint effects of physical activity and abdominal adiposity on CHD,
we used 1986 (when waist and hip circumferences were first assessed) as the baseline. In
these analyses, waist circumference and the ratio of WHR circumferences were divided into
tertiles (cut-points were ≤28 inches, 28.1 to 31.9, and ≥32 for waist circumference and
<0.74, 0.74 to 0.79, and ≥0.80 for WHR). Likelihood ratio tests were used to examine
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statistical interactions between physical activity and overall or abdominal obesity on
mortality by comparing −2 log likelihood χ2 between nested models with and without the
cross-product terms of physical activity and obesity measures. Additionally, to assess the
effect of recent BMI with risk of CHD and to account for latency of the disease, we did an
analysis by using updated BMI every 4 years as main exposure.

The population-attributable risk conferred by being overweight or less than optimally
physical active (<3.5 h/wk of moderate to vigorous physical activity) was calculated to
estimate the percentage of CHD in our cohort that would theoretically not have occurred if
all women had been in the low-risk group (not overweight and engaged in regular exercise),
assuming a causal relation between the risk factors and CHD.15 Statistical analyses were
conducted with the use of SAS, version 8.2. All probability values were 2-sided.

Results
During 20 years of follow-up, 2358 incident cases of CHD were identified, including 889
cases of fatal CHD and 1469 cases of nonfatal MI. Table 1 shows RRs of CHD according to
baseline BMI categories in 1980. As compared with women with BMI 18.5 and 22.9, those
with BMI ≥40 had 5-fold increased risk of CHD. The risk of CHD increased monotonically
with increasing BMI. Further adjustment of dietary score did not change the association. For
each 1 unit of BMI increment, risk of CHD was increased by 8% (95% CI, 7% to 9%). In
the analyses stratified by smoking, the association remained J-shaped for past smokers. A
positive association between BMI and risk of CHD emerged for never-smokers and current
smokers. A secondary analysis using updated BMI with a 4-year lag between BMI
measurements and CHD events showed similar results; the multivariate RRs for the top 4
categories of BMI were 1.96(1.69 to 2.27) for BMI 30 to 32.9, 2.24 (95% CI, 1.83 to 2.75)
for BMI 33 to 34.9, 2.63 (95% CI, 2.19 to 3.16) for BMI 35 to 39, and 3.22 (95% CI, 2.53 to
4.10) for BMI ≥40 compared with BMI 18.5 to 22.9 (P for trend <0.0001). In multivariate
analysis adjusting for history of hypertension, high cholesterol, and diabetes, the association
between CHD risk and increasing BMI was somewhat attenuated (the RRs across categories
of BMI in Table 1 were 1.04 [0.74 to 1.46], 1.0 [ref], 1.19 [1.06 to 1.35], 1.17 [1.02 to 1.34],
1.66 [1.46 to 1.89], 1.78 [1.53 to 2.08], 1.90 [1.52 to 2.37], 2.25 [1.86 to 2.73], and 2.48
[1.91 to 3.22], P for trend <0.001).

As compared with women of normal weight, overweight women had an RR of CHD of 1.43
(95% CI, 1.26 to 1.63) and obese women had an RR of 2.44 (95% CI, 2.17 to 2.74) (Table
2). This association was stronger among never-smokers than among current smokers.
Underweight was not significantly associated with risk except among past smokers. Lower
physical activity levels were associated with a graded increased risk in CHD (P for trend
<0.001). Further adjustment for BMI somewhat attenuated the inverse association, but the
association remained significant. This association was slightly stronger among never-
smokers and past smokers than current smokers (Table 3).

In Table 4, we present joint associations of BMI and physical activity with risk of CHD.
Both increasing BMI and decreasing physical activity levels were associated with risk of
CHD. Obese women who were sedentary had the highest CHD risk (RR=3.44; 95% CI, 2.81
to 4.21; P for interaction between BMI and physical activity=0.98). Cigarette smoking in
combination with obesity and physical inactivity dramatically increased the risk of CHD
(multivariate RR for obese sedentary smokers versus normal-weight active
nonsmokers=9.37; 95% CI, 6.45,13.60).

Table 5 shows RRs of CHD according to categories of weight change from age 18 through
1980. Compared with women with a stable weight (gain or lose <4 kg), women with even a
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modest weight gain (4 to 10 kg) had a significantly increased risk of CHD from 1980 to
2000 (RR=1.27; 95% CI, 1.12 to 1.45). Those women who gained ≥40 kg had an RR of 3.86
(95% CI, 3.02 to 4.94) of developing CHD. The association between weight gain and CHD
was persistent among both sedentary and active women (P for interaction between physical
activity and weight change=0.79).

In joint analyses of physical activity and abdominal adiposity, we excluded underweight
participants due to the small number of cases in the underweight category. The highest risk
of CHD was among women in the lowest category of physical activity and the highest tertile
of waist circumference (RR=2.85; 95% CI, 1.84 to 4.43) or WHR (RR=3.03; 95% CI, 1.96
to 4.68) (Figure 1). The associations of physical activity and abdominal obesity with CHD
were independent of each other (P for interaction=0.13 between physical activity and waist
circumference; P for interaction=0.48 between physical activity and WHR). In a model
adjusted for physical activity levels and cardiovascular risk factors, the associations of WHR
and BMI with CHD were also independent of each other (Figure 2). Compared with women
with BMI 18.5 to 24.9 and in the lowest tertile of WHR, women with BMI ≥30 and in the
highest tertile of WHR had a RR of 2.94 (95% CI, 2.21 to 3.90) for developing CHD (P for
interaction=0.74). To rule out residual confounding, we controlled for continuous BMI and
quadratic term of BMI, and the results of joint effect of physical activity with both waist
circumference and WHR did not appreciably change.

The prevalence of women with either BMI ≥25 or physical activity less than 3.5 hours per
week in the cohort was 82% among all participants and 83% among never-smokers as of
1990. Overweight and physical inactivity together could account for approximately 32% of
total CHD in the overall cohort (95% CI, 23% to 40%) and 46% among never-smokers
(95% CI, 29% to 58%).

Discussion
In this large cohort study of middle-aged women, physical activity and adiposity
independently predicted risk of CHD. Being physically active moderately attenuated but did
not eliminate the adverse effect of obesity on coronary health, and being lean did not
counteract the increased risk associated with physical inactivity. The lowest risk of CHD
was observed among physically active, lean women. Weight gain during adulthood was
associated with a significantly increased risk of CHD, independent of physical activity
levels.

These results are consistent with and extend our recent findings on total mortality and
cardiovascular mortality.3 Although mortality is a commonly used and appealing end point,
the studies of BMI and mortality are particularly susceptible to reverse causation (eg, lower
BMI may be caused by underlying disease) and confounding by smoking.16 Thus, it is
equally important to study incidence of chronic diseases as end points. In our previous
analyses,3 the linear relation between BMI and mortality became evident only among never-
smokers, whereas in the present study, the linear relation between BMI and incident CHD
events was demonstrated in never-smokers and current smokers, although a J-shaped
relation was evident among past smokers. This may be due to residual confounding by
different durations of past smoking and smoking cessation among past smokers that were
controlled for in the analyses. In our primary analyses, we did not control for history of
hypertension, high cholesterol, and diabetes because these variables are on the biological
pathway between obesity and CHD.16 As expected, the association between BMI and CHD
risk was somewhat attenuated after adjustment for these variables but remained statistically
significant.
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Only a few previous studies have compared the relations of physical activity or “fitness” and
obesity with cardiovascular disease risk. In an 8-year follow-up of 21 925 men, 30 to 83
years of age, in the Aerobics Center Longitudinal Study, Lee et al17 found that being
physically fit completely abrogated excess total and cardiovascular mortality associated with
body fatness. Moreover, lean men with lower cardiorespiratory fitness actually had a higher
risk of all-cause and CVD mortality than did men who had higher overall or abdominal fat
mass but had higher physical fitness. However, this study included only 428 deaths. More
recently, Stevens et al18 examined joint effects of fitness and fatness on mortality among
2506 women and 2860 men in the Lipid Research Clinics Study with more than 22 years of
follow-up. In contrast to the findings from the Aerobics Center Longitudinal Study, both
fitness and fatness predicted total and CVD mortality, and being physically fit did not
eliminate the association between obesity and excess mortality. However, neither study
included nonfatal MI in the end point assessment.

Recently, Wessel et al2 reported that among 906 women undergoing coronary angiography
for suspected ischemia, self-reported physical fitness instead of lower BMI was significantly
associated with lower incidence of coronary artery disease. Besides its relatively small
sample size and short follow-up (4 years), it is not clear whether the results are generalizable
to healthy women. In that study, many women already had coronary disease at baseline,
which might have inhibited exercise. Although the study controlled for a cardiovascular
disease severity score, residual confounding remains a potential explanation for the
observations. In our study, we excluded women who reported cardiovascular disease or
cancer at baseline to avoid the impact of these diseases on weight or physical activity levels.
Our results are consistent with findings from a recent study of 18 892 Finnish men and
women, 25 to 74 years of age without a history of cardiovascular disease at baseline, in
which adiposity and physical activity independently predicted incidence of CHD during 10
years of follow-up and physical activity attenuated in part excess risk caused by obesity.19

In the present study, we did not assess cardiorespiratory fitness. However, physical activity
is the primary modifiable determinant of fitness, and even modest levels of physical activity
(eg, 30 min/d brisk walking) can achieve levels of cardiorespiratory fitness that have been
associated with a significant reduction in mortality risk.20 Moreover, activity is the relevant
modifiable behavior. Thus, our analyses of the combined effects of physical activity and
obesity have direct public health implications. In our study, the adverse effects of body
fatness on CHD risk were persistent in both lower and higher physical activity categories.
Conversely, the benefits of physical activity were not limited to lean women; among those
who were overweight and obese, physically active women tended to have lower CHD risk as
compared with sedentary women. The combination of physical inactivity, obesity, and
smoking dramatically increased risk of CHD in women, but increasing exercise would also
be beneficial even among obese smokers.

Although our study suggests that obesity confers a greater magnitude of coronary risk than
does physical inactivity, limitations of our physical activity assessment should be
considered. Measurement errors in self-reported physical activity are inevitable, and
nondifferential mis-classification might have biased the association of physical activity with
risk of CHD toward the null. However, this should not substantially affect the analyses
stratified according to physical activity levels. Our validation studies using physical activity
diaries indicated good reproducibility and validity of self-reported physical activity.
Moreover, physical activity was assessed periodically during follow-up, and the use of the
repeated measures in the analyses not only dampened measurement errors but also took into
account real changes in physical activity levels over time. Because our study population is
primarily white and is composed of registered nurses, the relative homogeneity of the cohort
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with respect to socioeconomic status and education reduces confounding and enhances
internal validity. On the other hand, our results may not apply to other ethnic groups.

Conclusions
Our study indicates that BMI, WHR, and physical inactivity are independently associated
with risk of CHD. The present study shows that the beneficial effects of physical activity on
CHD do not appear to be enough to offset the deleterious effects of obesity. Therefore, the
avoidance of weight gain and participation in regular physical activity for the prevention of
CHD should both be emphasized.
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Figure 1.
A, Joint associations of waist circumference and physical activity with CHD, the Nurses’
Health Study 1986 to 2000. *Adjusted for age (<50, 50 to 54, 55 to 59, 60 to 64, ≥65),
parental history of CHD, postmenopausal status and hormone use (never-use, past, current),
physical activity (5 categories), aspirin use (<1, 1 to 2, 3 to 6, 7 to 14, 15+/wk), BMI (<25,
25 to 29.9, ≥30 kg/m2), and alcohol consumption (0, 0.1 to 4.9, 5 to 14.9, ≥15 g/d). B, Joint
associations of WHR and physical activity with CHD, the Nurses’ Health Study 1986 to
2000. *Adjusted for age (<50, 50 to 54, 55 to 59, 60 to 64, ≥65), parental history of CHD,
postmenopausal status and hormone use (never-use, past, current), physical activity (5
categories), aspirin use (<1, 1 to 2, 3 to 6, 7 to 14, 15+/wk), BMI (<25, 25 to 29.9, ≥30 kg/
m2), and alcohol consumption (0, 0.1 to 4.9, 5 to 14.9, ≥15 g/d).
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Figure 2.
Joint associations of WHR and BMI and CHD, the Nurses’ Health Study 1986 to 2000.
*Adjusted for age (<50, 50 to 54, 55 to 59, 60 to 64, ≥65), parental history of CHD, post-
menopausal status and hormone use (never-use, past, current), physical activity (5
categories), aspirin use (<1, 1 to 2, 3 to 6, 7 to 14, 15+/wk), and alcohol consumption (0, 0.1
to 4.9, 5 to 14.9, ≥15 g/d).
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TABLE 2

Multivariate Relative Risks of CHD According to Categories of BMI in 1980

BMI (kg/m2)*

<18.5 18.5–24.9 25–29.9 ≥30

All participants 1.01 (0.71, 1.44) 1.00 1.43 (1.28, 1.59) 2.44 (2.17, 2.74)

Women who never smoked 0.60 (0.19, 1.87) 1.00 1.51 (1.24, 1.85) 2.83 (2.30, 3.48)

Past smokers 1.85 (1.13, 3.01) 1.00 1.27 (1.06, 1.51) 2.20 (1.82, 2.67)

Current smokers 0.60 (0.32, 1.12) 1.00 1.55 (1.30, 1.84) 2.28 (1.83, 2.85)

Multivariate analyses were adjusted for age (<50, 50 to 54, 55 to 59, 60 to 64, ≥65), smoking status (never, past, current [1 to 14, 15 to 24, ≥25
cigarettes/d], adjusted for the analyses for all women only), parental history of coronary heart disease, and postmenopausal status and hormone use
(never use, past, current), alcohol consumption (0, 0.1 to 4.9, 5 to 14.9, ≥15 g/d), and aspirin use (<1, 1 to 2, 3 to 6, 7 to 14, 15+/wk). The number
of smoked cigarettes [1 to 14, 15 to 24, ≥25 cigarettes/d] was controlled for current smokers. P for trend <0.001.

*
For analyses of BMI, we also controlled for quintiles of physical activity (defined as moderate to vigorous activities including brisk walking).

†
BMI was adjusted in 3 categories (<25, 25 to 29.9, ≥30 kg/m2).
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TABLE 3

Multivariate Relative Risks of CHD According to Categories of Updated Physical Activity Levels, Nurses’
Health Study, 1980 to 2000

Physical Activity (h/wk)

P≥3.5 1–3.49 <1

All participants

 Multivariate RR without BMI 1.00 1.43 (1.27, 1.61) 1.58 (1.39, 1.80) <0.001

 Multivariate RR with BMI* 1.00 1.34 (1.18, 1.51) 1.43 (1.26, 1.63) <0.001

Women who never smoked

 Multivariate RR without BMI 1.00 1.39 (1.11, 1.74) 1.75 (1.38, 2.21) <0.001

 Multivariate RR with BMI 1.00 1.28 (1.02, 1.60) 1.51 (1.19, 1.92) <0.001

Past smokers

 Multivariate RR without BMI 1.00 1.47 (1.20, 1.79) 1.79 (1.44, 2.21) 0.001

 Multivariate RR with BMI 1.00 1.37 (1.12, 1.68) 1.63 (1.32, 2.02) <0.001

Current smokers

 Multivariate RR without BMI 1.00 1.43 (1.16, 1.76) 1.31 (1.05, 1.65) 0.009

 Multivariate RR with BMI 1.00 1.38 (1.12, 1.70) 1.24 (0.99, 1.56) 0.04

Multivariate analyses were adjusted for age (<50, 50 to 54, 55 to 59, 60 to 64, ≥65), smoking status (never, past, current [1 to 14, 15 to 24, ≥25
cigarettes/d], adjusted for the analyses for all women only), parental history of coronary heart disease, and postmenopausal status and hormone use
(never use, past, current), alcohol consumption (0, 0.1 to 4.9, 5 to 14.9, ≥15 g/d), and aspirin use (<1, 1 to 2, 3 to 6, 7 to 14, 15+/wk). The number
of smoked cigarettes [1 to 14, 15 to 24, ≥25 cigarettes/d] was controlled for current smokers.

*
BMI was adjusted in 3 categories (<25, 25 to 29.9, ≥30 kg/m2).
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TABLE 4

Multivariate Relative Risks of CHD According to Categories of BMI and Physical Activity, Nurses’ Health
Study, 1980 to 2000

Physical Activity (h/wk)

≥3.5 1–3.5 <1

All participants

 BMI 18.5–24.9

  No. of cases 218 447 279

  Person-years 331 900 427 647 198 547

  RR 1.00 (reference) 1.32 (1.12, 1.56) 1.48 (1.24, 1.77)

 BMI 25–30

  No. of cases 100 285 185

  Person-years 87 448 157 727 83 957

  RR 1.43 (1.13, 1.82) 1.92 (1.61, 2.30) 2.04 (1.67, 2.48)

 BMI ≥30

  No. of cases 55 220 175

  Person-years 29 454 72 800 48 075

  RR 2.48 (1.84, 3.34) 3.32 (2.74, 4.01) 3.44 (2.81, 4.21)

Never smokers

 BMI 18.5–24.9

  No. of cases 58 103 64

  Person-years 140 788 183 956 81 942

  RR 1.00 (reference) 1.19 (0.86, 1.65) 1.50 (1.05, 2.15)

 BMI 25–30

  No. of cases 28 81 65

  Person-years 40 812 73 016 38 545

  RR 1.29 (0.82, 2.03) 1.80 (1.28, 2.53) 2.44 (1.71, 3.49)

 BMI ≥30

  No. of cases 23 83 64

  Person-years 14 757 35 946 23 822

  RR 2.88 (1.77, 4.69) 3.75 (2.67, 5.28) 3.67 (2.56, 5.28)

Past smokers

 BMI 18.5–24.9

  No. of cases 71 163 108

  Person-years 127 321 152 298 67 802

  RR 1.00 (reference) 1.59 (1.20, 2.10) 2.03 (1.50, 2.75)

 BMI 25–30

  No. of cases 43 92 59

  Person-years 31 276 56 116 29 325

  RR 1.85 (1.27, 2.71) 1.94 (1.42, 2.65) 2.11 (1.49, 2.99)

 BMI ≥30

  No. of cases 20 83 68
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Physical Activity (h/wk)

≥3.5 1–3.5 <1

  Person-years 10 322 26 698 16 962

  RR 2.73 (1.65, 4.49) 3.42 (2.48, 4.72) 4.07 (2.90, 5.71)

Current smokers

 BMI <25

  No. of cases 81 176 104

  Person-years 60 701 88 553 47 168

  RR 1.00 (reference) 1.24 (0.95, 1.61) 1.16 (0.87, 1.56)

 BMI 25–30

  No. of cases 29 109 59

  Person-years 14 727 27 431 15 392

  RR 1.28 (0.83, 1.95) 2.08 (1.55, 2.78) 1.74 (1.24, 2.45)

 BMI ≥30

  No. of cases 12 53 41

   Person-years 4209 9644 6889

  RR 1.88 (1.03, 3.46) 2.96 (2.08, 4.20) 2.67 (1.82, 3.92)

The number of smoked cigarettes (1 to 14, 15 to 24, ≥25 cigarettes/d) was controlled for current smokers.

*
Adjusted for age (<50, 50 to 54, 55 to 59, 60 to 64, ≥65), smoking status (never, past, current 1 to 14, 15 to 24, ≥25 cigarettes/d), parental history

of CHD, postmenopausal status and hormone use (never use, past, current), aspirin use (<1, 1 to 2, 3 to 6, 7 to 14, 15+/wk), and alcohol
consumption (0, 0.1 to 4.9, 5 to 14.9, ≥15 g/d).
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