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Abstract

Background—~Previous studies have described an “obesity paradox” with heart failure, whereby
higher body mass index (BMI) is associated with lower mortality. However, little is known about
the impact of obesity on survival after acute myocardial infarction.

Methods—Data from 2 registries of patients hospitalized in the United States with acute
myocardial infarction between 2003-04 (PREMIER) and 2005-08 (TRIUMPH) were used to
examine the association of BMI with mortality. Patients (n=6359) were categorized into BMI
groups (kg/m?2) using baseline measurements. Two sets of analyses were performed using Cox
proportional hazards regression with fractional polynomials to model BMI as categorical and
continuous variables. To assess the independent association of BMI with mortality, analyses were
repeated adjusting for 7 domains of patient and clinical characteristics.
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Results—Median BMI was 28.6. BMI was inversely associated with crude 1-year mortality
(normal, 9.2%; overweight, 6.1%; obese, 4.7%; morbidly obese; 4.6%; p<0.001), which persisted
after multivariable adjustment. When BMI was examined as a continuous variable, the hazards
curve declined with increasing BMI and then increased above a BMI of 40. Compared with
patients with a BMI of 18.5, patients with higher BMIs had a 20% to 68% lower mortality at 1
year. No interactions between age (p=0.37), gender (p=0.87) or diabetes mellitus (p=0.55) were
observed.

Conclusions—There appears to be an “obesity paradox” among acute myocardial infarction
patients such that higher BMI is associated with lower mortality, an effect that was not modified
by patient characteristics and was comparable across age, gender, and diabetes subgroups.
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INTRODUCTION

The prevalence of obesity in the United States has risen dramatically in the past few
decades. Current estimates place two-thirds of adults in the United States in the category of
overweight or obese as defined by body mass index (BMI).1 In the general population,
obesity is associated with numerous comorbidities and an increased risk of adverse
outcomes including cardiovascular disease and mortality.2~3 Among patients with chronic
disease however, this association may be reversed. Evidence from observational studies of
patients with heart failure suggests that obese patients may have improved short- and long-
term prognoses.*

This phenomenon, known as the “obesity paradox,” has been replicated in several settings
that have shown either an inverse linear or U-shaped association between BMI and all-cause
mortality in heart failure patients.>~10 Although the nature of this relationship is unclear,
several explanations have been proposed including residual confounding by patient and
clinical characteristics. Relatively few studies have explored this relationship in patients
with acute coronary syndrome or examined interactions between BMI and other
demographic or health-related variables. Moreover, no studies of patients with acute
coronary syndromes have examined BMI as a continuous variable to more fully characterize
the actual shape of the mortality curve.

Using data from 2 prospective, multicenter registries of patients with acute myocardial
infarction, we sought to describe the relationship between BMI and long-term mortality after
acute myocardial infarction to determine whether an observed “obesity paradox” could be
explained by confounding with other patient and clinical characteristics. In particular, we
systematically identified 7 variable domains to assess whether the obesity paradox was
attenuated after adjustment for the potential confounders of patient demographics, risk
factors and medical history, healthcare access and utilization, psychosocial factors, clinical
presentation, patient functional status, and quality of care received. The goal was to identify
important factors associated with obesity outcomes so that future interventions could be
designed to optimize care for the growing population of obese patients with acute
myocardial infarction. In addition, we examined potential interactions between obesity,
gender, age, and diabetes mellitus.
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Patient Population

Variable Defi

We combined data from 2 acute myocardial infarction registries: PREMIER (Prospective
Registry Evaluating Myocardial Infarction: Events and Recovery) and TRIUMPH
(Translational Research Investigating Underlying Disparities in Acute Myocardial Infarction
Patients’” Health Status). A detailed description of the PREMIER study has been previously
published.! In brief, 2498 patients with acute myocardial infarction were consecutively
enrolled between January 1, 2003 and June 28, 2004 from 19 centers in the United States.
Similar to PREMIER, the TRIUMPH study recruited 4340 patients with acute myocardial
infarction between April 11, 2005 and December 31, 2008 to identify gaps in knowledge
related to racial differences in acute myocardial infarction care. Eligibility criteria for both
studies required patients to be aged 18 years or older, have an acute myocardial infarction
confirmed by elevated cardiac enzymes (troponin | or creatinine kinase MB), and show
supporting evidence of acute myocardial infarction including prolonged (>20 minutes)
ischemic symptoms or electrocardiographic ST-elevation changes. Patients who were
transferred from other institutions more than 24 hours after symptom onset and patients who
developed elevated cardiac enzymes as a complication of elective coronary revascularization
were not included. We also excluded patients with missing BMI at baseline (n= 368 (5.4%))
and those who were underweight (BMI<18.5 kg/m2, n=111) to limit confounding by
cachexia or other underlying disease. Of the 6838 patients enrolled in PREMIER and
TRIUMPH, 368 (5.4%) had missing BMI data at baseline. Compared with patients with
recorded BMI values, patients with missing data were less likely to be white (35.5% vs.
71.7%; p<0.001) or have health insurance (66.6% vs. 81.9%; P<0.001). No differences in
sex or age were observed. Patients with missing BMI values had significantly higher
mortality rates during the index hospitalization (1.9% vs. 0.5%; p=0.006), at 6 months
(11.7% vs. 4.2%; p<0.001), and at 1 year (14.9% vs. 6.3%; p<0.001). Among the 6470
patients with BMI data, an additional 111 were excluded because they were underweight.
The final study cohort included 6359 patients.

Patients” demographic, clinical and treatment data were collected from detailed chart
abstractions and baseline interviews administered within 24 to 72 hours of the index
admission. Institutional review board approval was obtained at each participating center and
all patients provided written informed consent to participate.

nitions

BMI values were calculated from patients’ admission height and weight data, as abstracted
from medical records. For analyses that modeled BMI as an ordinal variable, we used
criteria from the Centers for Disease Control and Prevention to define the BMI categories:
normal weight (18.5 to 24.9 kg/m?2), overweight (25 to 29.9 kg/m?2), obese (30 to 34.9 kg/
m?2), and morbidly obese (=35 kg/m?2). In other analyses, we modeled BMI as a continuous
variable.

As part of the interview, patients completed a series of questionnaires designed to assess
quality of life (Seattle Angina Questionnaire [SAQ]), functional status (Short-Form Health
Survey 12 [SF-12]), and depression (Patient Health Questionnaire [PHQ]). The SAQ is a 19-
item self-administered questionnaire that measures several domains of coronary artery
disease on a scale of 0-100 including disease perception, angina frequency, and quality of
life.12 Like the SAQ, the SF-12 also evaluates functional status but contains both physical
and mental component summary scales (PCS and MCS), on which lower numbers indicate
worse health status.13 The PHQ-9 is a 9-item depression scale used to assess symptoms,
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functional impairment, and severity of depression.1* All scores were included as continuous
variables in multivariate models.

The primary outcome, 1-year all-cause mortality, was obtained through linkage of the Social
Security Death Master File to patient identifiers. We also examined 3 variables (age, gender
and diabetes mellitus), obtained from baseline medical records and patient interviews, for
potential interactions with BMI.

Statistical Analyses

Baseline characteristics of patients across the 4 BMI categories were compared using XZ
tests for categorical variables and analysis of variance for continuous variables. To evaluate
the relationship between BMI and mortality, we performed 2 sets of analyses in which we
modeled BMI as both a categorical and a continuous variable. For analyses of BMI as a
categorical variable, we assessed differences in crude mortality across the 4 categories using
XZ tests and Kaplan-Meier estimates tested by the log-rank method. We repeated analyses
using Cox proportional hazards regression stratified by site of care to adjust for patient and
clinical characteristics. In addition, we tested for potential interactions between BMI and
age, gender and diabetes status.

Covariates for multivariable analyses were selected a priori and categorized into domains
using a combination of clinical and statistical judgment. These included: (1) patient
demographics (age, gender, race, living arrangement, education level, employment status);
(2) risk factors and medical history (smoking status, hypercholesterolemia, hypertension,
peripheral artery disease, diabetes mellitus, chronic renal failure); (3) healthcare access
(avoidance of medical care due to cost); (4) psychosocial factors (PHQ depression score and
antidepressant use); (5) clinical presentation (systolic blood pressure >140 at presentation,
left ventricular systolic function < or 240%, ST-elevation acute myocardial infarction,
Global Registry of Acute Coronary Events (GRACE) risk score);15 (6) functional status
(SF-12 PCS, SF-12 MCS, and SAQ scores); and (7) treatment and quality of care received
(revascularization procedure, patient instructions including weight management and cardiac
rehabilitation, aspirin at arrival and discharge, and beta-blocker at discharge).

Missing covariate data were minimal, with 12% of patients missing any covariate data (9%
missing 1 covariate, and 3% missing >1 covariate). Missing data were imputed using a
multiple imputation approach in IVEware software (University of Michigan, Ann Arbor,
MI).

In the second set of analyses, we modeled BMI as a continuous variable to determine the
specific shape of the association between BMI and 1-year mortality. We used proportional
hazards regression polynomial modeling of BMI, which combines different linear and non-
linear transformations of BMI for different sections of the mortality curve to identify the
model that best reflects the association between BMI and mortality. We identified best
fitting transformations by comparing model deviances using a X2 distribution with 1 degree
of freedom. We repeated analyses adjusting for site of care as well as the same patient and
clinical characteristics detailed above to derive BMI-specific mortality estimates. When
graphing the relationship between BMI and mortality, we further restricted the sample to
patients with a BMI <55 because <1% of patients had a BMI >55. All statistical analyses
were conducted with SAS 9.2 (SAS Institute, Cary, NC), Stata SE 9.0 (Stata Corporation,
College Station, TX), and R version 2.10.1 (R Foundation for Statistical Computing,
Vienna, Austria).
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Of the 6359 patients with BMI data, 1449 (22.8%) were normal weight, 2314 (36.4%) were
overweight, 1531 (24.1%) were obese, and 1065 (16.8%) were morbidly obese. Table 1
shows the characteristics of the sample at baseline by BMI category. Patients with lower
BMIs were on average younger, more educated, more likely to have smoked in the last 30
days, and less likely to avoid getting health care due to cost. Higher proportions of patients
in the obese and morbidly obese groups had obesity-associated comorbid conditions,
including hypercholesterolemia, hypertension, diabetes mellitus, and depression. Despite
these conditions, patients in higher BMI groups on average presented with lower GRACE
mortality risk scores, indicating a better prognosis at baseline.

After 1 year, there were 392 deaths (6.2%). Patients in higher BMI groups had a lower crude
mortality rate (normal, 9.2%; overweight, 6.1%; obese, 4.7%, morbidly obese, 4.6%;
p<0.001). Kaplan-Meier survival curves showed differences across BMI categories
(p<0.001) with the obese and morbidly obese groups having the lowest risk of death over 1
year (Figure 1). These trends persisted after multivariable adjustment, with patients in the
overweight groups having a significantly lower risk of mortality compared with those of
normal weight (Table 2). No interactions between age (p=0.54), gender (p=0.97) or diabetes
mellitus (p=0.51) were observed.

When the relationship between BMI and mortality was examined as a continuous variable
using proportional hazards regression, a fractional polynomial with 3 terms best modeled the
unadjusted association (Figure 2). The hazards curve appeared to decline with increasing
BMI and then increase above a BMI of 40. When compared with patients with a BMI of
18.5, patients with higher BMIs had hazard ratios ranging from 0.32 to 0.80, reflecting a
20% to 68% lower mortality at 1 year. The lowest hazards were observed for patients with
BMIs between 34 and 40 (Table 3).

Higher BMIs continued to be associated with decreased mortality after multivariable
adjustment (Figure 3). The survival curve appeared to decrease with increasing BMI and
then plateau around a BMI of 40. Hazard ratios for patients with BMIs >18.5 ranged from
0.49 to 0.90, indicating a 10% to 51% reduction in 1-year mortality (Table 3).

DISCUSSION

Despite adjusting for many previously unstudied patient characteristics, this study confirms
a paradoxical association between BMI and mortality after acute myocardial infarction. In
general, higher BMI was associated with lower long-term mortality. The relationship
between BMI and mortality appeared to be J-shaped with an inflection point around a BMI
of 40. We observed this effect to be independent of the 7 patient and clinical domains we
identified, such that the obesity paradox does not appear to be an artifact of confounding by
patient or clinical characteristics.

While previous studies of heart failure patients have generally shown that higher BMls are
associated with better outcomes, studies of post-acute myocardial infarction patients are less
consistent. Some have found a survival advantage conferred by excess weight16-20 whereas
others have found no association.21-22 Studies that failed to find an association, however,
were generally small and limited to single centers. Still others have reported lower mortality
for overweight and obese patients in the short term but no differences in the long term.23-24
In addition, a few studies have reported interactions with gender20 and age.23 Hoit et al.
found a survival advantage among obese patients younger than 65 at 1 year but found that
the reverse was true in patients aged 65 and older.23 In contrast, we did not find evidence of
an interaction between BMI and age.
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Although the exact mechanism by which obesity may improve outcomes after acute
myocardial infarction is unknown, a number of theories have been proposed. One potential
explanation is that overweight and obese patients present earlier in the progression of acute
myocardial infarction symptoms. This may be due to increased awareness of their risk of
having an acute myocardial infarction or because of more severe symptoms due to increased
myocardial demands that accompany excess weight. Overweight and obese patients may
also have less severe left ventricular dysfunction at presentation. In a subanalysis of acute
myocardial infarction patients from the Global Utilization of Streptokinase and Tissue
Plasminogen Activator for Occluded Coronary Arteries (GUSTO-I) trial, Lundergan et al.
found that increasing BMI was associated with greater preservation of left ventricular
function and improved 30-day survival.2> Overweight and obese subjects in our study also
presented with lower rates of moderate and severe left ventricular systolic dysfunction and
lower GRACE scores, which may be related to an earlier presentation and may partly
explain the association between higher BMI and better prognosis.

Patients with low BMIs may have a worse prognosis after acute myocardial infarction due to
the presence of cardiac cachexia. These patients may experience weight loss due to
additional comorbidities, recent illness, or other BMI-associated risk factors for mortality
including malnutrition, multi-organ dysfunction, and depression.26-27 Although we
attempted to reduce the potential for confounding by cachexia by excluding underweight
patients from the analysis, the possibility exists for residual confounding in the normal
weight group.

Other theories related to treatment eligibility and prognosis have also been proposed. For
example, some studies have speculated that the lack of a functional reserve in underweight
and normal weight patients may lead to unfavorable hemodynamic changes, which can
preclude these patients from receiving therapies or make them vulnerable to adverse
procedure-related complications.28 In our sample, it is important to note that 77% of
overweight and obese patients underwent revascularization procedures compared with only
67% of normal weight patients. Similarly, other studies have suggested that overweight and
obese patients may fare better after catheterization because they have larger coronary vessels
and thus a more favorable artery/device ratio.2%

The results of our study should be considered in light of its potential limitations. First, we
used BMI values measured at the index hospitalization and did not consider potential
changes in BMI over the study follow-up. However, results from a study by Fadl et al. show
that patients’ weights in PREMIER changed very little in the year post-acute myocardial
infarction, suggesting that changes are unlikely to have biased our results.3% Second, we
were unable to account for fat distribution (peripheral vs. abdominal obesity) and other
measures of adiposity such as body fat percentage. While BMI is widely used in clinical
settings to categorize patients as overweight or obese, it may be an imperfect measure.
Third, a small though potentially significant number of patients (5.4%) were excluded from
the sample due to missing BMI data. Because these patients had significantly higher
mortality rates than patients in the sample, an element of selection bias may be possible.
Fourth, patients in this study were followed for 1 year only and our description of the
relationship between obesity and improved survival may not extend beyond that period.
Finally, this sample was drawn from large, urban medical centers in the United States and
may not be generalizable to all patient populations, particularly those in rural areas.

In summary, we observed an obesity paradox among patients with acute myocardial
infarction in which higher BMI is associated with improved survival. This effect appeared to
be independent of other patient and clinical characteristics and comparable across gender,
age and diabetes subpopulations. Clinically, these findings are most relevant for patient risk
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stratification and prognosis at baseline. Future studies evaluating weight changes during
follow-up are needed to inform guidelines for weight management in patients following
acute myocardial infarction. In addition, future research should aim to understand the
mechanisms underlying the obesity paradox and to characterize the obesity paradox in
certain patient subgroups.
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Figure 1.

Kaplan Meier plot showing unadjusted mortality by category of body mass index; p<.001
using the log-rank test for the overall comparison among the groups.
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Figure 2.
Unadjusted 1-year mortality as a function of body mass index with 95% confidence
intervals.
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Figure 3.

Adjusted 1-year mortality as a function of body mass index with 95% confidence intervals.
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Hazards of 1-Year Mortality by BMI in Post-Acute Myocardial Infarction Patients.

BMI (kg/m?)

Unadjusted HR (95% CI)

Table 3

Adjusted HR (95% CI)*

18.5
20.5
22.5
245
26.5
28.5
30.5
32.5
34.5
36.5
38.5
40.5
42.5
44.5
46.5
48.5
50.5
52.5
54.5

1 [Reference]
0.80 (0.72-0.89)
0.65 (0.53-0.79)
0.54 (0.41-0.71)
0.46 (0.33-0.64)
0.40 (0.28-0.58)
0.36 (0.25-0.53)
0.34 (0.23-0.50)
0.32 (0.22-0.48)
0.32 (0.22-0.47)
0.32 (0.22-0.47)
0.33 (0.22-0.48)
0.34 (0.23-0.51)
0.36 (0.24-0.55)
0.39 (0.25-0.60)
0.41 (0.25-0.67)
0.42 (0.24-0.76)
0.43 (0.21-0.90)
0.42 (0.16-1.11)

1.00 [Reference]
0.91 (0.83-0.99)
0.82 (0.69-0.98)
0.75 (0.59-0.96)
0.69 (0.51-0.93)
0.64 (0.46-0.90)
0.60 (0.41-0.87)
0.57 (0.38-0.84)
0.54 (0.36-0.81)
0.52 (0.35-0.79)
0.51 (0.34-0.77)
0.50 (0.33-0.77)
0.49 (0.32-0.76)
0.49 (0.31-0.78)
0.49 (0.30-0.81)
0.50 (0.29-0.85)
0.50 (0.27-0.92)
0.51 (0.25-1.02)
0.51 (0.22-1.17)

Page 16

*
Adjusted for demographic characteristics (age, gender, race, living arrangement, education level), risk factors and medical history (smoking
status, hypercholesterolemia, hypertension, peripheral arterial disease, diabetes, chronic renal failure), healthcare access and utilization (avoided

medical care due to cost), psychosocial factors (Patient Health Questionnaire score), clinical presentation (systolic blood pressure >140 at

presentation, left ventricular systolic function, ST-elevation acute myocardial infarction, GRACE risk score), functional status (SF-12 Physical

Component Summary scale, SF-12 Mental Component Summary scale, Seattle Angina Questionnaire scores), and quality of care received

(revascularization procedure, patient instructions including weight management and cardiac rehabilitation, aspirin at arrival and discharge, and
beta-blockers at discharge).

BMI, body mass index; ClI, confidence interval; HR, hazard ratio
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