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Abstract
We sought to investigate the impact of morbid obesity (body mass index (BMI ≥ 40 kg/m2)] on in-
hospital mortality and coronary revascularization outcomes on patients presenting with acute
myocardial infarction (AMI). We used the Nationwide Inpatient Sample (NIS) of the Healthcare
Cost and Utilization Project (HCUP) and reviewed 413,673 patients hospitalized with acute
myocardial infarction (AMI) in 2009. The morbidly obese comprised 3.7% of all AMI patients.
Analysis of the unadjusted data revealed that morbidly obese patients compared to those not
morbidly obese were more likely to undergo any invasive cardiac procedures when presenting
with either STEMI (97.4% vs 93.8%, p<0.0001) or NSTEMI (85.5% vs 80.6%, p<0.0001). The
unadjusted mortality rate for morbidly obese patients with AMI was 3.5% compared to 5.5% (p<.
0.0001) of those not obese. In adjusted analyses also, patients with morbid obesity had lower odds
of in-hospital mortality compared to non-morbidly obese patients consistent with the phenomenon
of "the obesity paradox."
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Introduction
Given the previously reported worse short-term outcomes for morbidly obese patients
presenting with ACS in prior registry studies (1–5), we explored whether this association
was evident in a large national database. Using data from the Nationwide Inpatient Sample
(NIS) of the Healthcare Cost and Utilization Project (HCUP), we analyzed the association
between morbid obesity, treatment utilization, and mortality while adjusting for baseline
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characteristics, including comorbidities, for 413,673 patients hospitalized with acute
myocardial infarction (AMI).

Methods
This study involved a population-based sample of all patients admitted with AMI to 1,045
hospitals in 44 states in 2009 whose admission and discharge data were included in the
Nationwide Inpatient Sample (NIS) of the Healthcare Cost and Utilization Project (HCUP).
Our sample included those admitted with a principal diagnosis of AMI according to the
International Classification of Diseases, Ninth Revision, Clinical Modification [ICD-9-CM]
codes 410.0 to 410.92. ST elevation myocardial infarction (STEMI) was recorded when the
principal diagnosis was billed with ICD- 9 codes 410.0–410.62, 410.81–410.82 and Non ST
elevation myocardial infarction (NSTEMI) with ICD-9 codes 410.70–410.72, 410.90–
410.92. Patients were excluded if AMI was an in-hospital complication. Institutional review
board approval was obtained from the authors’ university.

These data include ICD-9–coded primary and secondary diagnoses; primary and secondary
procedures; admission and discharge status; demographic information such as sex, age, race
and ethnicity, and median income for zip code divided into quartiles; expected payment
source; total charges; length of stay; and hospital region, teaching status, ownership type,
and bed size. We used ICD-9 secondary diagnosis codes and a database defined variable for
morbid obesity (BMI ≥ 40 kg/m2) developed by the Agency for Healthcare Research and
Quality (AHRQ). ICD-9 secondary codes were used to indicate the presence of up to 30
chronic comorbidities likely to have been present on admission, using the Elixhauser
comorbidity adjustment method (6) developed at AHRQ. Variables in the risk adjustment
algorithm include age, sex, peripheral vascular disease, paralysis, other neurological
disorders, chronic pulmonary disease, diabetes mellitus, diabetes mellitus with chronic
complications, hypothyroidism, renal failure, liver disease, peptic ulcer disease, AIDS,
lymphoma, metastatic cancer, solid tumor without metastasis, rheumatoid arthritis,
coagulopathy, weight loss, fluid and electrolyte disorders, chronic blood loss anemia,
deficiency anemia, alcohol abuse, drug abuse, psychoses, and hypertension.

The principal outcome measure was short-term all-cause mortality (in-hospital mortality)
which was defined as death that occurred during the initial hospitalization, between day of
hospital admission and date before discharge, provided the length of stay was less than or
equal to 30 days. Secondary outcomes included cardiac procedures and were defined using
ICD-9 primary procedure codes to indicate whether diagnostic coronary angiography
(ICD-9 codes: 37.22, 37.23, 88.53, 88.54, 88.55, 88.56, 88.57), percutaneous coronary
intervention (PCI) (ICD-9 codes: 36.04, 36.06, 36.07, 00.66) or coronary artery bypass graft
(CABG) surgery (ICD-9 codes: 36.10–36.19) were performed during the hospitalization.

We used SAS version 9.1 (SAS Institute, Inc.) for all analyses. Univariate and distributional
analysis included measures of central tendency, kurtosis and skew. Differences between
morbidly obese patients and non-morbidly obese patients were assessed with the χ2 test for
categorical variables and with the Student t-test or one-way analysis of variance as
appropriate for continuous variables. Adjusted ORs for in-hospital mortality as well as
procedure use were estimated using unconditional logistic regression. To control for
differential characteristics of morbidly obese patients and non-morbidly obese patients,
covariates including age, gender, race, income, Elixhauser comorbidities, and hospital
characteristics such as hospital location, hospital control (for-profit, non-profit), hospital
teaching status and hospital volume were included in the models. All analyses were
weighted using NIS provided weights to create national estimates.
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Results
The 2009 NIS database included 413,673 admissions for AMI, with 32% due to STEMI and
68% due to NSTEMI (Table 1). Morbidly obese (BMI ≥ 40 kg/m2) patients comprised 3.7%
of all AMI patients. Morbidly obese patients presenting with AMI were more likely to be
female (45.8% vs 36.7%, p<.0001), younger (59.6 years old vs. 65.3 years old, p<.0001),
black (11.7% vs 9.2%, p<.0001) and had a higher incidence of co-morbid conditions such as
diabetes mellitus (63.4% vs 33.0%, p<.0001), hypertension (77.3% vs 67.6%, p<.0001), and
renal failure (21.6% vs 16.7%, p<.0001).

Analysis of the unadjusted data revealed that morbidly obese patients compared to those not
morbidly obese were more likely to undergo any invasive cardiac procedures when
presenting with either STEMI (97.4% vs 93.8%, p<0.0001) or NSTEMI (85.5% vs 80.6%,
p<0.0001) (Table 2). In both the STEMI and NSTEMI subgroups, morbidly obese patients
were slightly more likely to undergo only diagnostic catheterization with no further
revascularization (10.3% vs 9.01%, p<0.0001 and 29.2% vs 27.1%, p<0.001, respectively.)
Regardless of the type of AMI, morbidly obese patients were less likely to undergo PCI
(45.1% vs 52.9%, p<0.0001) and more likely to receive CABG (18.6% vs 10.9%, p<
0.0001) than non-morbidly obese patients.

After adjusting for age, gender, race, income, hospital factors and Elixhauser comorbidities,
these differences persisted. Morbidly obese patients presenting with STEMI who required
revascularization were more likely to undergo CABG (OR 1.60, (95% CI 1.45- 1.78)) and
less likely PCI (OR 0.86, (95% CI 0.80–0.94)) than non-morbidly obese patients (Table 3).
Similarly, when presenting with NSTEMI, and undergoing revascularization, morbidly
obese patients were more likely to undergo CABG (OR 1.61, (95% CI 1.53–1.69)) and less
likely PCI (OR 0.78, (95% CI 0.80–0.94)).

A lower unadjusted in-hospital mortality rate was observed in the morbidly obese compared
to those not morbidly obese in both the STEMI subsample (4.7% vs 6.3%, p< 0.0001) and
the NSTEMI subsample (3.1% vs 5.1%, p<0.0001) (Table 4). After adjustment, no
difference in mortality was found between morbidly obese patients and non-morbidly obese
patients who were admitted with STEMI, regardless of whether they underwent no
procedure, diagnostic cath, PCI, or CABG (Table 5). In those presenting with NSTEMI,
however, the adjusted risk of in-hospital mortality was lower for morbidly obese patients
compared to those not morbidly obese (OR 0.87, (95% CI 0.78–0.98)). When diagnosed
with NSTEMI and subsequently undergoing no procedure, morbidly obese patients had a
lower risk of in-hospital mortality than non-morbidly obese patients (OR 0.83, (0.71–0.98)).

Discussion
Our analysis of the relationship between morbid obesity, invasive cardiac procedures, and
mortality for 413,673 patients hospitalized with AMI revealed that: 1) morbidly obese
patients presenting with AMI are more often women, black, have more comorbidities, and
have lower socioeconomic status than non-morbidly obese patients; 2) after adjustment for
comorbidities and demographic factors, morbidly obese patients have lower mortality when
presenting with NSTEMI than non-morbidly obese patients. 3) In current practice, morbidly
obese patients have higher rates of CABG and lower rates of PCI compared to non-morbidly
obese patients when revascularization is chosen after AMI.

The morbidly obese patients with AMI in our study were on average about six years younger
than the non-morbidly obese patients yet had higher rates of comorbid risk factors, such as
diabetes mellitus and hypertension, consistent with the findings of the previously cited
registry studies by Diercks et al. and Das et al. (7,8). This finding is likely due to the
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influence of the comorbidities associated with morbid obesity on accelerating the
pathogenesis of myocardial infarction resulting in a younger age of presentation.

As mentioned previously, prior studies evaluating the association between obesity and in-
hospital mortality post-AMI revealed that morbidly obese patients have higher adjusted
mortality, despite overweight and moderately obese patients having a lower adjusted
mortality compared to normal weight patients (7,8). This suggests that the apparent
protective effect of “the obesity paradox” for post-MI mortality does not extend to patients
whose BMI is greater than 40. Our study, however, found a significantly lower risk of
adjusted in-hospital mortality for morbidly obese patients presenting with NSTEMI
compared to non-morbidly obese patients. Morbidly obese STEMI patients had the same
risk of mortality as non-morbidly obese patients.

The reason for the discrepancy between our results and those of previously published papers
is unclear. One possible explanation is differences in the comparison group. The Das et al.
and Diercks et al. studies used the lowest risk groups for comparison (overweight and class I
obese groups, respectively), which would have enhanced the odds ratio for morbidly obese
patients (7,8). The morbidly obese patients in our study, however, were compared to the
entirety of the non-morbidly obese patients, which include underweight patients. Another
reason for the difference in outcomes is the use of Elixhauser comorbidities and hospital
characteristics in our study, which may have resulted in adjusting for more confounders in
our study than prior studies.

Another interesting finding from our review of the national database was the preference for
CABG surgery over PCI in morbidly obese patients. Possible explanations for this disparity
include more extensive coronary disease in morbidly obese patients, which required surgical
revascularization and the younger age of morbidly obese patients, which made them better
surgical candidates.

In our study, morbidly obese patients also had lower risk of mortality than non-morbidly
obese patients if no procedure was performed when presenting with NSTEMI but not with
STEMI. It is possible that the marginal benefit of the early invasive strategy following
NSTEMI that is recommended in the current ACC/AHA guidelines (9) is negated by
increased theoretical peri-procedural complications and technical challenges in
administering therapeutic interventions to morbidly obese patients. Further prospective
studies are warranted to evaluate the outcomes of invasive cardiac therapies in morbidly
obese patients.

This study has several limitations. The data was extracted from an administrative database
that may not have included potentially important confounding variables and details on
medical treatments. Undiscovered confounders are widely believed to explain “the obesity
paradox” (10). Also, as previously mentioned, the heterogeneity of the comparison cohort in
this study makes comparisons to previous similar studies difficult. Finally, since this was a
retrospective study, we can only comment on the association of morbid obesity, therapeutic
interventions and outcomes. Prospective studies would be needed to prove causation of
morbid obesity and adverse or beneficial effects.

In this large nationwide contemporary cohort of 413,673 patients presenting with AMI,
morbid obesity was associated with a lower risk of adjusted in-hospital mortality compared
to non-morbidly obese patients consistent with the phenomenon of “the obesity paradox.”
Factors that may impact the better survival in morbidly obese patients include presenting at
a younger age on presentation, the tendency to present with NSTEMI rather than STEMI,
and the higher rate of referral for CABG.
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