Body Mass Index and the Risk of
Recurrent Coronary Events Following
Acute Myocardial Infarction
Thomas D. Rea, MD, Susan R. Heckbert, MD, PhD, Robert C. Kaplan, PhD,
Bruce M. Psaty, MD, PhD, Nicholas L. Smith, MPH, PhD, Rozenn N. Lemaitre, PhD,
and Danyu Lin, PhD

MPH,

Although excess adiposity appears to increase the risk
of coronary heart disease in the general population, its
importance in patients with established coronary disease is less defined. We evaluated a population-based
inception cohort of survivors to hospital discharge following first acute myocardial infarction (AMI) (n ⴝ
2,541) to assess the association between body mass
index (BMI) and the risk of recurrent coronary events
and to explore the mechanisms for this relation. Using
Cox proportional-hazards regression, we assessed the
risk of recurrent coronary events associated with levels
of adiposity as defined by BMI and then investigated
potential mechanisms through which adiposity conferred risk by examining how adjustment for diabetes
mellitus, systemic hypertension, and dyslipidemia affected the association. Forty-one percent of the cohort
were overweight (BMI 25 to 29.9), and 27.8% were
obese (BMI >30). After adjustment for other risk factors,

the risk of recurrent coronary events (n ⴝ 418) increased
as BMI increased, especially among those who were
obese. Using a BMI of 16 to 24.9 as the reference group,
for mildly overweight patients (BMI 25 to 27.4), the
relative risk (RR) was 0.93 (95% confidence interval [CI]
0.70 to 1.24); it was 1.16 for more severe overweight
patients (BMI 27.5 to 29.9; 95% CI 0.87 to 1.55). For
patients with class I obesity (BMI 30 to 34.9), the RR was
1.49 (95% CI 1.12 to 1.98), and for class II to III obesity
(BMI >35), the RR was 1.80 (95% CI 1.30 to 2.48). We
estimated that clinical measurements of diabetes, hypertension, and dyslipidemia explained approximately
43% of this risk. Thus, excess adiposity as measured by
BMI was associated with an increased risk of recurrent
coronary events following AMI, particularly among
those who were obese. 䊚2001 by Excerpta Medica,
Inc.
(Am J Cardiol 2001;88:467– 472)

he prevalence of obesity has climbed sharply over
the last 20 years in the United States and other
T
parts of the industrialized world. It is estimated that

of coronary heart disease in the general population, its
importance in patients with established coronary disease is less clearly defined. Existing studies of acute
myocardial infarction (AMI) survivors have had limited information about clinical or medication variables, examined only a portion of the original AMI
cohort, or did not explore specific disease mechanisms
through which adiposity might confer risk.9 –15 We
examined the association between body mass index
(BMI) and the risk of recurrent coronary events and
explored the disease mechanisms (diabetes, hypertension, and dyslipidemia) that may potentially produce
this relation in a population-based inception cohort of
persons who survived incident AMI.

1–3

in the United States ⬎50% of adults are overweight or
obese.1 This increase in obesity is a considerable
public health concern given the association between
excess adiposity and increased morbidity and mortality.4,5 Overweight persons appear to be at especially
high risk for the development of coronary heart disease, due in part to obesity-related conditions, such as
diabetes mellitus, systemic hypertension, and dyslipidemia.4,6 The American Heart Association has identified obesity as an independent cardiac risk factor7 and
the National Institutes of Health has issued guidelines
to identify overweight persons for potential treatment
aimed primarily at preventing coronary heart disease.8
Although excess adiposity appears to increase the risk
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METHODS

Study population: The study setting was Group
Health Cooperative, a health maintenance organization with ⬎400,000 enrollees based in Washington
state. Eligible patients included all enrollees who survived to hospital discharge following a first AMI
during the period from July 1986 (women) or July
1989 (men) through December 1996. A potential incident AMI was identified by the International Classification of Disease 9th revision codes from the computerized discharge abstracts of the 2 Group Health
Cooperative hospitals, the bills for out-of-plan services, and Washington state death records. Research
assistants were trained to identify events that were and
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TABLE 1 Demographic, Clinical, and Medication Characteristics by Body Mass Index (BMI) Group
BMI Group
Healthy Weight
2

Demographic characteristics
Age (mean ⫾ SD)*
Women
Clinical characteristics
BMI (mean ⫾ SD)
Congestive heart failure
Smoking
Nonsmoker
Current smoker
Physical activity†
Sedentary
Moderate
Strenuous
Diabetes mellitus*
Systemic hypertension*
Total cholesterol/HDL cholesterol
ratio (mean ⫾ SD)*
Medication prescribed at hospital
discharge
Aspirin*
␤ blockers*
Lipid-lowering therapy

Overweight
2

Class I Obesity

35–48 kg/m2
(n ⫽ 245)

63.5 ⫾ 10.4
152 (32.8%)

61.4 ⫾ 10.4
144 (31.2%)

58.6 ⫾ 10.0
123 (50.2%)

26.2 ⫾ 0.7
123 (21.3%)

28.7 ⫾ 0.7
99 (21.5%)

32.0 ⫾ 1.4
98 (21.3%)

38.9 ⫾ 3.1
60 (24.5%)

652 (81.7%)
146 (18.3%)

491 (85.1%)
86 (14.9%)

400 (87.0%)
60 (13.0%)

388 (84.2%)
73 (15.8%)

210 (85.7%)
35 (14.3%)

214
524
60
108
310
5.2

113
424
40
81
246
5.7

109
318
33
89
193
6.1

94
326
41
104
220
6.3

86
144
15
96
145
6.4

25–27.4 kg/m
(n ⫽ 577)

27.5–29.9 kg/m
(n ⫽ 460)

67.6 ⫾ 9.2
372 (46.5%)

64.5 ⫾ 10.5
177 (30.7%)

22.5 ⫾ 1.9
223 (27.9%)

(26.8%)
(65.7%)
(7.5%)
(13.5%)
(38.9%)
⫾ 1.7

710 (89.0%)
334 (41.9%)
33 (4.1%)

(19.6%)
(73.5%)
(6.8%)
(14.0%)
(42.6%)
⫾ 1.5

538 (93.2%)
302 (52.3%)
46 (8.0%)

(23.7%)
(69.1%)
(7.2%)
(19.4%)
(42.1%)
⫾ 2.8

427 (92.8%)
237 (51.5%)
37 (8.0%)

2

Class II–III Obesity

30–34.9 kg/m
(n ⫽ 461)

16–24.9 kg/m
(n ⫽ 798)

2

(20.4%)
(70.7%)
(8.9%)
(22.6%)
(47.7%)
⫾ 1.8

438 (95.0%)
255 (55.3%)
36 (7.8%)

(35.1%)
(58.8%)
(6.1%)
(39.2%)
(59.2%)
⫾ 1.7

233 (95.1%)
144 (58.8%)
16 (6.5%)

*p ⬍0.05 for linear trend across BMI groups.
†
Moderate activity was defined as those persons who performed regular activity such as gardening or walking for exercise.
Strenuous activity was defined as regular activity in vigorous physical activity such as running or cycling.
HDL ⫽ high-density lipoprotein.

were not clearly AMIs. Questionable events were reviewed by study physicians (SRH, BMP). In a blinded
validation study, the completeness of case ascertainment was 95%, and 97% of eligible cases met standard criteria for definite or probable AMI.16
Subjects were excluded if they: (1) were ⬍30 or
⬎79 years of age, (2) had ⬍4 visits to Group Health
Cooperative or were enrolled in Group Health Cooperative for ⬍1 year before the first AMI, (3) had
sustained a prior AMI, (4) experienced an AMI as a
result of surgery or a procedure, or (5) died before
hospital discharge. Of the 2,677 subjects who were
initially eligible, 112 persons were excluded because
they were missing information about height and 24
persons were excluded a priori because their values
for BMI were within the lowest and highest 0.5% of
the study population. These exclusions left 2,541 subjects for analysis.
Study end point: Information on recurrent AMI or
coronary heart disease death during follow-up was
obtained from the ambulatory medical record, available inpatient records, and the results of a match
between the Washington state death records and the
Group Health Cooperative enrollment records. Subjects who unenrolled from Group Health Cooperative
before a recurrent event were considered lost to follow-up, and the date of loss to follow-up was the date
of unenrollment from Group Health Cooperative.
Body mass index: BMI (weight in kilograms divided by the square of the height in meters) was used
as a measure of adiposity and was derived from
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weight and height information available in the ambulatory care record. The first weight recorded after
hospital discharge was used in the analysis, provided
the weight was measured not only before an outcome
event but also within 6 months of the hospital discharge date. For the 2,397 subjects who met these
requirements, the median time until the weight measurement was 13 days after discharge. Of the remaining 144 subjects, 92 had a weight recorded ⬎6 months
after hospital discharge (and before censoring) and 52
had no weight recorded before censoring. For these
subjects, representing 5.7% of the study cohort, a
postdischarge weight was imputed based on the individual’s weight before the incident AMI, age, sex, and
length of hospital stay.
Clinical and medication covariates: Trained research
assistants reviewed the ambulatory care and available
inpatient medical records to collect information about
coronary disease risk factors, such as smoking status,
physical activity, use of health services, marital status,
and medical conditions such as hypertension, diabetes,
and congestive heart failure. Congestive heart failure
was based on the notes of the primary care physician
and consultants and the results of diagnostic tests.
Hypertension and diabetes required pharmacologic
treatment with appropriate medication. In addition,
physical examination measurements of blood pressure
and pulse and laboratory values for random serum
glucose, total cholesterol, high-density lipoprotein
cholesterol, and creatinine were recorded. Lipid status
SEPTEMBER 1, 2001

group was divided into 2 subgroups:
25 to 27.4 kg/m2 and 27.5 to 29.9
kg/m2. Because the underweight
Rate*
RR
95% CI
group was comprised of relatively
few subjects (n ⫽ 32), and because
Demographic Characteristics
Age group (yrs)
the analysis revealed that the risks
40–49
41.8
1
—
associated with this category were
50–59
32.4
0.77
0.59–1.01
similar to those of the healthy weight
60–69
47.6
1.14
0.95–1.36
group, these 2 groups were combined
70–79
57.1
1.37
1.18–1.58
80–89
67.0
1.60
1.13–2.26
and served as the referent group for
Gender
comparison. In the analyses examinWomen
48.7
1
—
ing mechanism, BMI was also modMen
48.7
0.99
0.82–1.20
eled as a continuous term.
Clinical characteristics
We calculated the age-adjusted
Congestive heart failure (n)
No
33.9
1
—
rate of recurrent coronary events for
Yes
96.5
2.85
2.33–3.48
each category of BMI and standardSmoking
ized these rates to the age distribuNonsmoker
47.3
1
—
tion of the entire study population.
Current smoker
56.3
1.19
0.91–1.56
Physical activity
We used Cox proportional-hazards
Sedentary
101.2
1
—
regression to compute hazard ratios,
Moderate
33.4
0.33
0.27–0.41
thereby estimating the relative risk
Strenuous
18.2
0.18
0.10–0.31
(RR), of recurrent coronary events
Diabetes
associated with BMI after adjusting
No
37.1
1
—
Yes
99.0
2.67
2.17–3.28
for potential confounding factors.18
Hypertension
Variables included in the multivariNo
37.4
1
—
ate Cox models in addition to BMI
Yes
63.2
1.69
1.39–2.06
included age at hospital discharge
Total/HDL cholesterol ratio ⬍6
No
44.6
1
—
(years), sex, tobacco use (current or
Yes
54.9
1.23
1.01–1.50
nonsmoker), level of physical activMedications prescribed at hospital
ity (sedentary, moderate activity
discharge
such as walking, or strenuous activAspirin
ity such as running), presence of conNo
100.8
1
—
Yes
44.4
0.44
0.33–0.59
gestive heart failure, and the use of
␤ blocker
aspirin. Potential interactions were
No
52.9
1
—
modeled using cross-product terms
Yes
44.5
0.84
0.69–1.03
between the covariates of interest
Lipid-lowering therapy
No
49.2
1
—
and the continuous BMI term. In
Yes
41.8
0.85
0.53–1.36
models assessing the prognostic importance of BMI, we did not adjust
*The rate is per 1,000 person-years, directly standardized to the age distribution of the entire study
population.
for diabetes mellitus, hypertension,
or dyslipidemia because these diseases represent mechanisms through
(dyslipidemia) was defined as the ratio of total cho- which adiposity may confer risk.19 However, when
lesterol to high-density lipoprotein cholesterol. The exploring the relative contribution of the disease-spestatus of the clinical and physical examination vari- cific mechanism, we adjusted for these variables sepables was determined at the time of the weight mea- arately and together. One may estimate the relative
surement, or for those whose weight was imputed, at contribution of a specific disease mechanism by first
the date of hospital discharge. Laboratory information computing the ␤-coefficient value for the BMI term in
was taken from the period before the incident AMI. the model unadjusted for diabetes, hypertension, or
Medication use was assessed at the time of hospital lipid status (␤
baseline), and then by calculating the ␤
discharge following the incident AMI using informacoefficient value for the BMI term in the model adtion from the discharge summary, supplemented with
20
information from the first outpatient visit in the med- justed for a specific disease mechanism (␤adjusted).
ical record and the Group Health Cooperative com- The relative contribution of the disease mechanism is
then calculated using the expression: 1 ⫺ [␤adjusted/
puterized pharmacy database.
Statistical analysis: BMI was modeled as a categor- ␤baseline]. For these estimates, a continuous linear BMI
ical variable based on clinical guidelines17: ⬍18.5 term was used after determining that the fit of the
kg/m2 (underweight), 18.5 to 24.9 kg/m2 (healthy model was not improved with the addition of a quaweight), 25 to 29.9 kg/m2 (overweight), 30 to 34.9 dratic, square root, or spline (originating at the various
kg/m2 (class I obesity), and ⱖ35 kg/m2 (class II and categorical cut points) BMI term. There was no eviIII obesity combined). In our cohort, this included dence that the proportional hazards assumption was
subjects up to 48 kg/m2. In addition, the overweight violated.
TABLE 2 Risk of Recurrent Coronary Events in Relation to Demographic, Clinical,
and Medication Characteristics
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lished risk factors for coronary
heart disease were evident in this
cohort (Table 2).
Except for those patients who
were mildly overweight (BMI 25 to
27.4), the risk of recurrent coronary
events increased as the BMI group
increased after adjustment for age,
gender, congestive heart failure,
smoking, physical activity, and the
use of aspirin (Figure 1). Further
adjustment for marital status, education level, race, family history of
coronary heart disease, history of
cancer, alcohol consumption, cardiac revascularization, menopausal
status in women, pulse, creatinine
level, and the use of ␤ blockers,
angiotensin-converting enzyme inhibitors, loop diuretics, or lipidlowering therapy only slightly
changed the risk estimates associFIGURE 1. RR of recurrent events according to BMI group, adjusted for age, sex, toated with BMI.
†
bacco use, physical activity, congestive heart failure, and aspirin use. The rate is per
The association between BMI
1,000 person-years, directly standardized to the age distribution of the entire study
and
the risk of recurrent coronary
population. Test for linear trend across BMI groups (p <0.001).
events did not differ across subgroups defined by gender, smoking
TABLE 3 Mechanism of Risk Associated With Body Mass Index (BMI)*
status, physical activity, hypertension,
diabetes, or the use of aspirin,
Portion of Disease
although there was a suggestion that
Attributable to Specific
Model†
RR for BMI‡ ␤ for BMI‡
Mechanism (%)§
the association was attenuated with
increasing age (p ⫽ 0.1). For examBaseline model
1.040
0.0393
—
ple, among those ⬍65 years old, the
Diabetes (categorical)
1.031
0.0305
22.4
Diabetes ⫹ random serum
1.029
0.0287
27.0
RR of recurrent coronary events for
glucose level (continuous)
obese patients (BMI ⱖ30) compared
Hypertension (categorical)
1.037
0.0363
7.6
with patients of healthy weight (BMI
Hypertension ⫹ systolic and
1.035
0.0348
11.5
16 to 24.9) was 2.29 (95% confidiastolic blood pressure
dence intervals [CI] 1.35 to 3.88),
(quartiles)
Ratio of total cholesterol/HDL
1.037
0.0365
7.1
whereas among those ⱖ65 years old,
cholesterol (continuous)
the RR for obese patients compared
Combined (adjusted for all of the
1.023
0.0225
42.7
with patients of healthy weight was
above covariates)
1.51 (95% CI 1.12 to 2.05). Al*Baseline model includes adjustment for age, sex, tobacco use, physical activity, congestive heart
though the RR was attenuated with
failure, and aspirin use.
increasing age, the absolute risk at†
Each model adds the named covariate(s) to the baseline model.
‡
tributable to obesity (rate of recurFor a 1-unit increase in BMI, BMI was modeled as a continuous variable.
§
Percent calculated from the equation {1 ⫺ (␤adjusted/␤baseline)} ⫻100.
rent events in obese patients ⫺ rate
of recurrent events in healthy-weight
patients) was similar between the 2
age groups: 24.7 excess recurrent events per 1,000
RESULTS
In the cohort of 2,541 patients who survived to patient-years for obese patients ⬍65 years old comhospital discharge following first AMI, 2/3 were either pared with 29.4 excess recurrent events per 1,000
overweight (40.8%) with a BMI of 25 to 29.9, or patient-years for obese patients ⱖ65 years old.
There was also a suggestion that the risk associated
obese (27.8%) with a BMI ⱖ30. Patients with greater
BMIs tended to be younger, have a greater prevalence with elevated BMI was attenuated among those with
of diabetes, hypertension, or dyslipidemia, and were congestive heart failure, especially among those with
more frequently taking aspirin and ␤ blockers (Table more severe congestive heart failure as indicated by
1). During the 8,584 person-years of follow-up on the the use of loop diuretics (p ⫽ 0.1). Among those with
2,541 subjects (median years of follow-up 3.0), there congestive heart failure treated with loop diuretics
were 418 recurrent coronary events: 264 nonfatal (n ⫽ 373), the RR of recurrent events for obese
AMIs, 89 fatal AMIs, and 65 other coronary heart patients compared with patients of healthy weight was
disease deaths. A total of 224 subjects (8.8%) were 1.13 (95% CI 0.72 to 1.77), whereas among those
censored because they were lost to follow-up. Estab- without congestive heart failure, the RR for obese
470 THE AMERICAN JOURNAL OF CARDIOLOGY姞
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weight individuals; however, the
risk may begin to increase among
those more severely overweight
(BMI 27.5 to 29.9).
The shape of the risk profile associated with BMI may represent a
combination of factors. BMI has
been strongly associated with incident cardiovascular disease compared with other disease outcomes
(e.g., all-cause death or cancer).23
However, our cohort was relatively
old, and the association between obesity and coronary heart disease has
been reported to be attenuated as age
increases.24 Finally, this post-AMI
cohort represents a specific clinical
group whose BMI risk profile may be
distinct.
The increased risk posed by elevated BMI was apparent in most clinical subgroups. Similar to other studFIGURE 2. RR of recurrent coronary events for clinical risk groups according to BMI,
ies,24 the association between adiposadjusted for age, sex, tobacco use, physical activity, congestive heart failure, total to
high-density lipoprotein cholesterol ratio, and aspirin use.
ity and the risk of coronary events in
our cohort was attenuated as age increased, although this difference did
not attain statistical significance. Impatients compared with patients of healthy weight was portantly, however, because of the increased absolute
1.80 (95% CI 1.28 to 2.52).
risk among older persons, the risk of recurrent coronary
Adding measurements of diabetes, hypertension, or events attributable to obesity was still considerable in
dyslipidemia to the baseline multivariate model atten- older subjects. The risk associated with elevated BMI
uated the association between BMI and risk of recur- was also attenuated among those with congestive heart
rent coronary events. The addition of diabetes atten- failure, especially among patients with more severe disuated the association the most, with less attenuation ease as reflected by the need for loop diuretics. Although
following the addition of hypertension or dyslipidemia obesity may be a risk factor for development of conges(Table 3). These models suggest that approximately tive heart failure,25 among those with prevalent disease,
43% of the risk of recurrent coronary events associ- low or normal BMI may represent cardiac cachexia, a
ated with increasing BMI could be explained by ad- state associated with advanced heart failure and a poor
justing for measurements of diabetes, hypertension, prognosis.26
and dyslipidemia. Moreover, in an analysis stratified
In this cohort, the risk associated with excess adiby hypertension and diabetes and adjusted for total posity was explained in part, but not completely, by
cholesterol to high-density lipoprotein cholesterol ra- the established mechanisms: diabetes, hypertension,
tio, obesity was associated with an increased risk of and dyslipidemia. It is possible that the markers we
recurrent coronary events in the subgroup with neither used to assess the mechanism were inadequate to
hypertension nor diabetes, in subgroups with either completely capture the disease process; with use of
hypertension or diabetes but not both, and in the more sensitive markers such as insulin sensitivity,6,27
subgroup with both conditions (Figure 2).
a more exact and possibly greater contribution of these
established disease mechanisms might be discernible.
In contrast, obesity may confer excess risk by producDISCUSSION
In this inception cohort of persons who survived ing an inflammatory state, promoting thrombosis, or
incident AMI, excess adiposity as estimated by BMI activating the sympathetic nervous system,6,28,29
was associated with an increased risk of recurrent mechanisms that may in part be separate from the
coronary events after adjustment for other clinical risk traditional pathways.
factors. This risk was especially evident among obese
Our study has several limitations. Because of sampatients (BMI ⱖ30), whose risk appeared to increase ple size, we had limited ability to detect differences in
with higher levels of obesity. The increased RR in the the relative importance of BMI for specific subgroups,
obese subgroup is of significant public health impor- such as race (⬎90% of the cohort was Caucasian) in
tance because these persons comprise over 1/4 of the which BMI may function differently.4 Second, we
cohort, a proportion similar to other post-AMI popu- were unable to adequately explore the significance of
lations.21,22 In contrast, our results suggest that there is being underweight. However, in this and other similar
little change in risk associated with being mildly over- cohorts,21,22 the prevalence of being underweight was
weight (BMI of 25 to 27.4) compared with healthy very low. Finally, we used BMI to assess adiposity.
CORONARY ARTERY DISEASE/BMI AND RECURRENT CORONARY EVENTS AFTER AMI
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Other measurements provide additional, although not
necessarily superior, measures of adiposity.17 In this
respect, heights and weights in our study were measured rather than self-reported, a method of assessment that may more accurately classify the risk associated with the clinical levels of excess adiposity.30
In conclusion, excess adiposity was associated
with an increased risk of recurrent coronary events
among survivors of a first AMI, especially among
patients who were clinically obese. Readily measured
markers of diabetes, hypertension, and dyslipidemia
explained some, but not all, of the risk conferred by
obesity. Following AMI, obese persons should be
particularly targeted for proved preventive therapies.
Whether weight loss should be included in these treatments is an important but unsettled question.
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