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Abstract

While obesity has been shown to be associated with elevated risk for Sudden Cardiac
Death (SCD), studies examining its effect on outcomes in SCD victims have shown
conflicting results. We aimed to describe the body mass index (BMI) distribution in a
nationwide cohort of patients admitted for an out of hospital SCD (OHSCD), and the
relationship between BMI and in-hospital mortality. We drew data from the
U.S. National Inpatient Sample (NIS), to identify cases of OHSCD. Patients were
divided into six groups based on their BMI (underweight, normal weight, overweight,
obese |, obese I, extremely obese). Socio-demographic and clinical data were col-
lected, mortality and length of stay were analyzed. Multivariate analysis was per-
formed to identify predictors of mortality. Among a weighted total of 2330
hospitalizations for OHSCD in patients with documented BMI, the mean age was
62.3 + 29 years, 52.4% were male and 62% were white. The overall rate of in-
hospital mortality was 69.3%. A U-shaped relationship between the BMI and mortal-
ity was documented, as patients with 25 < BMI < 40 exhibited significantly lower
mortality (60.7%) compared to the other BMI groups (75.2%), p < .001. BMI of
25 kg/m? and below or 40 kg/m? and above, were independent predictors of in-
hospital mortality in a multivariate analysis along with prior history of congestive
heart failure and Deyo Comorbidity Index of >2. A U-shaped relationship between
the BMI and in-hospital mortality was documented in patients hospitalized for an out

of hospital sudden cardiac death in the United States in the recent years.

KEYWORDS
BMI, body mass index, obesity paradox, sudden cardiac death

Guy Rozen and Gabby Elbaz-Greener contributed equally to this study and manuscript preparation.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.

© 2021 The Authors. Clinical Cardiology published by Wiley Periodicals LLC.

Clin Cardiol. 2021;44:1673-1682.

wileyonlinelibrary.com/journal/clc | 1673



ROZEN ET AL.

2t L WILEY- |

1 | INTRODUCTION

The effect of excess weight on morbidity and mortality has been acknowl-
edged from over 2000 years ago. Hippocrates recognized that “sudden
death is more common in those who are naturally fat than in the lean”.!
Over the last few decades, the prevalence of obesity in the United States
has increased significantly, bearing dramatic social, clinical and economic
implications.2™® Elevated body mass index (BMI) has been proven over the
years as an independent risk factor for various cardio-vascular conditions
such as ischemic heart disease, acute coronary syndrome, congestive
heart failure, atrial and ventricular arrhythmia and sudden cardiac death.”®

Sudden cardiac death (SCD) is responsible for about 50% of the
mortality from cardiovascular disease in the United States and other
developed countries.””1° Different clinical parameters including age,
co-morbidities, initial cardiac rhythm, and time to return of spontane-
ous circulation were investigated as predictors of survival in SCD.*!
While obesity has been shown to be associated with increased inci-
dence and severity of major cardiovascular risk factors and elevated
risk for SCD,21212 studies examining its effect on outcomes in SCD
victims have shown conflicting results.2*2° Some studies showed
increased mortality in patients with BMI > 30 kg/m? admitted to the
hospital following a sudden cardiac death.?”'® At the same time, sev-
eral other studies have implied that the “obesity paradox”, described in
various cardio-vascular conditions such as acute myocardial infarction
(AMI) and heart failure, applies to patients admitted after a sudden
cardiac death, showing lower mortality in obese patients. 14161812

We aimed at describing the BMI distribution and baseline charac-
teristics in a nationwide cohort of patients, admitted for an out of
hospital sudden cardiac death (OHSCD) in the United States, and the
relationship between BMI and in-hospital mortality.

2 | METHODS

2.1 | Datasource
The data were drawn from the National Inpatient Sample (NIS), the
Healthcare Cost and Utilization Project (HCUP), and Agency for
Healthcare Research and Quality (AHRQ)?**?? datasets, consisting
only of de-identified information; therefore, this study was deemed
exempt from institutional review by the Human Research Committee.

The NIS is the largest collection of all-payer data on inpatient hospi-
talizations in the United States. The dataset represents an approximate
20% stratified sample of all inpatient discharges from U.S. hospitals.?®
This information includes patient-level and hospital-level factors such as
patient demographic characteristics, primary and secondary diagnoses
and procedures, co-morbidities, length of stay (LOS), hospital region,
hospital teaching status, hospital bed size, and cost of hospitalization.
National estimates can be calculated using the patient-level and
hospital-level sampling weights that are provided by the HCUP.

For the purpose of this study, we obtained data for the years
2015 (last quarter) and 2016. International Classification of Diseases,
10th Revision, Clinical Modification (ICD-10-CM) was used from the

last quarter of 2015 and thereafter for reporting diagnoses and proce-
dures in the NIS database during the study period. For each index
hospitalization, the database provides a principal discharge diagnosis
and a maximum of 29 additional diagnoses, in addition to a maximum
of 15 procedures. The reason we only included the data coded with
ICD-10 codes is that the ICD-10 system includes individual codes for

BMI values and ranges.

2.2 | Study population and variables

We identified patients 18 years of age or older with a primary diagno-
sis of sudden cardiac death based on ICD-10-CM codes 146.2, 146.8,
or 146.9, who had one of the BMI, Z68.x, codes, among the secondary
diagnoses. Of notice, these represented only the successfully resusci-
tated OHSCD patients, since those who were not successfully resusci-
tated in the field or died in the emergency departments, were not
hospitalized. To have the “cleanest” possible data on patients admit-
ted for successfully resuscitated out of hospital cardiac arrest, we
avoided including patients with a secondary diagnosis of a cardiac
arrest in our analysis due to the fact that these could represent
patients who underwent an in-hospital sudden cardiac death or had a
prior history of cardiac arrest included as a secondary diagnosis.

The following codes represent the six BMI subgroups we have
created for our study: Z68.1, BMI <19 kg/m?, under-weight group;
Z68.20-25, BMI 20-25 kg/mz, normal-weight group; Z68.26-30, BMI
26-30 kg/m?, over-weight group; Z68.31-35, BMI 31-35kg/m?,
obese | group; Z68.36-39 kg/m2, BMI 36-39, obese Il group; Z68.4,
BMI 240 kg/m?, extremely obese group. In addition to analyzing the
individual BMI subgroups mentioned above, we combined the over-
weigh, Obese | and Obese Il groups to compare the outcomes of these
patients to the combined group of all the underweight, normal weight
and extremely obese patients.

The following patient demographics were collected from the
database: age, sex, and race. Prior comorbidities were identified by mea-
sures from the AHRQ. For the purposes of calculating Deyo-Charlson
Comorbidity Index (Deyo-CCl), additional comorbidities were identified
from the database using ICD-10-CM codes. Deyo-CCl is a modification
of the Charlson Comorbidity Index, containing 17 comorbidity condi-
tions with differential weights, with a total score ranging from O to 33.
(Detailed information on Deyo-CCl provided in the Appendix A table).
Higher Deyo-CCl scores indicate a greater burden of comorbid diseases
and are associated with mortality, 1 year after admission.?* The index
has been used extensively in studies from administrative databases, with
proved validity in predicting short- and long-term outcomes.?>2¢ Our
primary outcome in this study was in-hospital mortality. Length of stay
was the secondary outcome we analyzed.

2.3 | Statistical analysis

The chi-square (¢?) test and Wilcoxon Rank Sum test were used to

compare categorical variables and continuous variables, respectively.
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TABLE 1 Baseline characteristics of the study population (total and per BMI groups)

<20 20-25 26-30 31-35 36-39 240 Total P Value
Patients, n
Unweighted 42 25 48 74 66 211 466
Weighted 210 125 240 370 330 1055 2330
Age group, % <.001
18-44 9.5 8.0 10.4 8.1 7.6 104 9.4
45-59 23.8 16.0 20.8 21.6 25.8 34.1 27.7
60-74 31.0 36.0 58.3 52.7 56.1 45.0 474
75 or older 35.7 40.0 10.4 17.6 10.6 10.4 15.5
Gender, % <.001
Male 571 64.0 56.2 60.8 43.9 48.8 524
Female 42.9 36.0 43.8 37.8 56.1 51.2 47.4
Missing 0.0 0.0 0.0 14 0.0 0.0 0.2
Race, % <.001
White 69.0 520 47.9 63.5 69.7 63.0 624
Non-White 31.0 440 41.7 16.2 19.7 26.5 26.8
Other/Missing 0.0 4.0 10.4 20.3 10.6 104 10.7
Comorbidity, %
Hypertension 26.2 36.0 41.7 50.0 47.0 36.0 39.5 <.001
Congestive heart failure 11.9 12.0 20.8 16.2 27.3 37.0 27.0 <.001
Diabetes Mellitus 9.5 20.0 354 55.4 45.5 42.7 40.1 <.001
Renal Failure 19.0 36.0 31.3 33.8 34.8 38.9 34.8 <.001
Peripheral Vascular Disease 14.3 16.0 4.2 12.2 9.1 114 10.9 .004
Prior MI 4.8 8.0 18.7 12.2 9.1 85 9.9 <.001
VT/VF 9.5 16.0 14.6 27.0 19.7 13.3 16.3 <.001
Deyo-CCl, % .008
0 9.5 12.0 14.6 12.2 15.2 10.9 12.0
1 23.8 16.0 20.8 14.9 13.6 13.7 15.7
2 or higher 66.7 72.0 64.6 73.0 71.2 754 72.3
Primary payer, % <.001
Medicare 61.9 720 56.3 58.1 53.0 531 56.0
Medicaid 11.9 12.0 14.6 10.8 13.6 19.9 15.9
Private insurance 11.9 16.0 14.6 23.0 21.2 22.7 20.4
Self-pay 7.1 0.0 10.4 41 3.0 1.9 3.6
No charge 2.4 0.0 0.0 0.0 0.0 0.0 0.2
Other/missing 4.8 0.0 4.2 4.1 9.1 24 3.9
Income percentile, % <.001
0 to 25th percentile 33.3 52.0 27.1 31.1 31.8 38.9 35.6
26th to 50th percentile 26.2 120 18.8 284 34.8 26.1 26.2
51st to 75th percentile 214 12.0 20.8 24.3 18.2 227 215
76th to 100th percentile 19.0 20.0 29.2 135 12.1 10.9 14.6
Missing 0.0 4.0 4.2 2.7 3.0 14 21
Hospital status, % <.001
Urban teaching 69.0 80.0 66.7 67.6 80.3 63.0 68.0
Urban nonteaching 23.8 16.0 31.2 23.0 12.1 28.9 24.7
Rural 7.1 4.0 21 9.5 7.6 8.1 73

(Continues)
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TABLE 1 (Continued)
<20 20-25 26-30 31-35 36-39 240 Total P Value
Hospital region, % <.001
South 42.9 40.0 52.1 39.2 47.0 45.0 44.6
West 23.8 320 14.6 17.6 15.2 14.7 17.0
Midwest 214 16.0 18.8 29.7 19.7 28.9 25.3
Northeast 11.9 12.0 14.6 13.5 18.2 11.4 13.1
Hospital bed size, % 159
Large 57.1 52.0 52.1 56.8 48.5 56.9 54.9
Small/medium 429 48.0 47.9 43.2 51.5 43.1 45.1

Note: p Values were generated using Chi-square test and refer to differences between BMI groups within baseline characteristics.

The NIS provides discharge sample weights that are calculated within
each sampling stratum as the ratio of discharges in the universe to dis-
charges in the sample.?” We generated a weighted logistic regression
model to identify independent predictors of in-hospital mortality. Can-
didate variables included patient-level characteristics, Deyo-CCl and
hospital-level factors. We retained all predictor variables that were
associated with our primary and secondary outcome with p < .05 in
our final multivariable regression model. For all analyses, we used
SAS® software version 9.4 (SAS Institute Inc., Cary, NC.) A p value
<.05 was considered statistically significant.

3 | RESULTS

3.1 | Study cohort

A total of 466 hospitalizations for successfully resuscitated out of
hospital sudden cardiac death patients across the United States
during 2015 (last quarter) and 2016 were included in the analysis.
After implementing the weighting method, these represented an
estimated total of 2330 hospitalizations for OHSCD, in patients
with documented BMI during the index hospitalization. The majority
of patients (52.4%) were male and the mean age of the cohort was
62.3 = 29 years.

As shown in Table 1, 62% of the study population were white,
majority of 56% had Medicare coverage, 82.3% were in the lower
75th income percentile. As to the clinical characteristics, 39.5% of the
study population had history of hypertension, 40.1% had diabetes
mellitus, 33.3% had chronic pulmonary disease, 9.9% of the patients
had a prior history of an AMI, 10.9% had peripheral vascular disease.
The median BMI in the study was 38 (IQR: 31-41) with 85.6% of the
patients with BMI above the normal (>25 kg/m?). The data reveal that
16.3% of all hospitalizations for successfully resuscitated OHSCD
included patients with a diagnosis of VT/VF and 9.2% of the patients
were diagnosed with an acute myocardial infraction (STEMI or
NSTEMI). Twelve percent of the patients underwent a percutaneous
coronary angiography and 2.8% of the patients required percutaneous

coronary intervention.

3.2 | Patients characteristics by BMI group

Baseline characteristics of the study population in the different BMI
groups is presented in detail in Table 1. The distribution of the BMI
groups varied significantly based on the country regions as well as
income percentiles (p < .001). While about three quarters of the OHSCD
patients (74.9%) across the country were obese (BMI > 30 kg/m?), the
prevalence of obesity among the study population was highest in the
Midwest (81.4%) and lowest in the West coast of the United States
(68.3%), p < .001. Female predominance was documented in the obese
Il and the extremely obese groups. Younger age and higher prevalence
of comorbidities including hypertension, diabetes and congestive heart
failure were documented in the obese patients (Table 1). Among the
obese patients, only 12.1% had an annual income in the highest income

quartile, compared to 22.7% among nonobese patients (p < .001).

3.3 | Length of stay and mortality by BMI groups
The average LOS in the hospital for the study population was 5.51 +
0.42 days. As shown in Figure 1; the trend of the correlation between
BMI and length of stay was linear in nature with longer hospital stay
in obese patients, p < .001 (Figure 1).

The overall rate of in-hospital mortality during the study period
was documented at 69.3%. A U-shaped relationship between the
BMI and the in-hospital mortality was documented, as described in
Figure 2. Following the observation that the over-weight, obese | and
obese Il patient subgroups (BMI 26-39) exhibited significantly lower
in-hospital mortality (61%) compared to the other BMI groups (75%),
we performed an additional statistical analysis dividing the patients

into these two subgroups (Table 2).

3.4 | Predictors of in-hospital mortality

In an unadjusted analysis, we found several parameters that signifi-
cantly increased the odds of in-hospital mortality (Table 3). These
included: white race and history of congestive heart failure (all with
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The Relationship Between the BMI and Length of Stay in the Hospital
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FIGURE 1 The relationship between BMI and the length of hospitalization in the study
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FIGURE 2 The relationship between BMI and in-hospital mortality in the study population
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TABLE 2 In-hospital outcomes for the total study population and per BMI group
BMI, kg/m? <20 20-25 26-30 31-35 36-39 240 Total p Value
Mortality, % 76.2 80.0 64.6 62.2 56.1 74.4 69.3 <.0001
Length of Stay (days), Mean + SEM  4.86+0.85 3.96+041 531+0.27 476+0.58 630+0.57 588+056 551+042 <.0001

Note: p Values were generated using Chi-square test and refer to differences between BMI groups.

p < .01). In addition, BMI 26-30, BMI 31-35, BMI 36-39 (compared
to BMI 20-25) and having BMI between 26 and 39 compared to the
other groups combined (below 25 kg/m? or above 40 kg/m?),
decreased the risk for in-hospital mortality (all with p < .01). Personal
history of hypertension and diabetes were found as predictors of
improved outcomes in a univariate analysis, before adjusting for
potential confounders. While admission with a diagnosis of STEMI or
NSTEMI did not predict improved outcomes, the small proportion of
patients who underwent coronary intervention (2.8%) were found to
have lower mortality, Odds Ratio (OR) -0.21, 95% Confidence Interval
(95% Cl), (0.17-0.28). After adjusting for potential confounders, BMI
below 25 kg/m? or above 40 kg/m?, compared to BMI 26-39 kg/m?,
remained an independent predictor of in-hospital mortality in a multi-
variate analysis (Table 4). Hypertension and diabetes were not found
to be independent predictors in a multivariate analysis, implying an
interaction between them and other clinical parameters directly
effecting the primary outcome. Congestive heart failure, OR —1.29
(1.01-1.65), and Deyo Comorbidity index of 22, OR —1.64 (1.19-

2.25), were also found to be independent predictors of mortality.

4 | DISCUSSION

Utilizing data from the NIS, the largest all-payer inpatient database in
the United States, we analyzed a weighted total of 2330 hospitaliza-
tions between October 2015 and December 2016, after an out of
hospital sudden cardiac death. This nationwide data analysis docu-
mented a U-shaped relationship between the BMI and in-hospital
mortality in OHSCD patients hospitalized in the United States during
the study period. BMI between 26 and 39 m/kg? was found to be
independent predictor of lower in-hospital mortality, in patients hos-
pitalized for a successfully resuscitated OHSCD.

Some of the prior studies, investigating the relationship between
BMI and survival after a sudden cardiac death, analyzed specific
patient subgroups like post Ml sudden cardiac death patients?® or
patients treated with therapeutic hypothermia.”'® Other studies,
analyzing larger populations, investigated long-term outcomes of
patients who survived hospitalization following an out of hospital car-
diac arrest,* or in-hospital outcomes in large cohorts of patients who
underwent resuscitation for in-hospital cardiac arrest only.*¢*? In a
recent meta-analysis, Ma et al. combined seven prospective and retro-
spective studies, involving 25 035, including out of hospital and in-
hospital sudden cardiac death patients.?’ The patients were divided
into four BMI groups: underweight (BMI < 18.5), normal weight
(18.5 < BMI < 25), overweight (25 < BMI < 30) and obese (BMI > 30)

and the meta-analysis showed that underweight patients had the
worst survival rates compared to normal weight patients (OR 1.35;
95% Cl 1.10-1.66; p = .004), while overweight patients did better
(OR —0.8 [0.65-0.98]; p = .03) and obese had similar survival as nor-
mal weight patients.??

Our goal was to assess the relationship between BMI and in-
hospital course and outcomes in a nationwide, general population of
patients, hospitalized following a successfully resuscitated out of hos-
pital cardiac death in the US, overcoming the potential “selection
bias” in prior studies. We also aimed to better differentiate the differ-
ent subgroups of patients suffering from obesity, dividing the obese
patients into mild (30 < BMI<35), moderate (35 < BMI <40) and
extremely obese (BMI = 40) groups.

The clinical characteristics of the patient population in this study
were consistent with prior publications on SCD in regard to the
median age and different comorbidities such as diabetes mellitus
(DM), hypertension (HTN) and history of a myocardial infarction
(M1).241628.30 The in-hospital survival to discharge rates, reported in
prior studies, ranged between 20.4% and 44%.1>1%3! This study
documented 30.7% survival to discharge rate in a nationwide popula-
tion of patients hospitalized after successfully resuscitated OHSCD,
within the range of the previously reported outcomes. The above-
mentioned similarities in the patient population characteristics and
outcomes provide external validation to our results as we show the
relationship between the patients BMI and study outcomes.

Our data revealed a U-shaped relationship between the BMI and
the in-hospital mortality, while the over-weight, obese | and obese Il
patient subgroups (BMI 26-39) exhibited significantly lower in-
hospital mortality. Several other studies have implied that the “obesity
paradox”, described in various cardio-vascular conditions such as
acute myocardial infarction and heart failure, applies to patients
admitted after a sudden cardiac death, showing a lower mortality in
obese patients.***¢181% |mportantly, majority of these studies com-
bined all the patients with BMI > 30 in the same study group showing
improved outcomes. We subdivided these patients in three groups of
mild (30 < BMI = 35), moderate (35 < BMI < 40) and extremely obese
(BMI = 40) groups, and showed that only in the first two, the mortality
decreased, while extremely obese patients' the mortality was higher.

As shown in Table 1, the overweight and obese patients in our
study were younger, a finding that could have contributed to their
improved survival. This observation was described previously as well,
while 20 out of 26 reports included in a 2014 meta-analysis of the
“obesity paradox” in acute myocardial infarction studies by Niedziela
et al.,, documented younger patients in the overweight and obese

populations.3?
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TABLE 3 Univariate analysis for
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predictors of in-hospital mortality Predictor Probability (95% Cl) Odds Ratio (95% Cl) p Value
Age group, years 487
18-44 72.73% (66.47,78.20) 1.00 (reference) N/A
45-59 70.54% (66.91,73.93) 0.90 (0.64,1.26) .537
60-74 68.33% (65.52,71.00) 0.81(0.59,1.12) .198
75 or older 68.06% (63.06,72.67) 0.80(0.55,1.16) .235
Race .008
Non-White 65.60% (61.79,69.22) 1.00 (reference) N/A
White 71.48% (69.10,73.74) 1.31(1.08,1.61) 0.008
BMI Sub-groups <.001
Below 20 76.19% (69.96,81.47) 0.80(0.47,1.37) 419
20-25 80.00% (72.07,86.11) 1.00 (reference) N/A
26-30 64.58% (58.33,70.38) 0.46 (0.27,0.76) .003
31-35 62.16% (57.11,66.96) 0.41 (0.25,0.67) <.001
36-39 56.06% (50.66,61.33) 0.32(0.20,0.52) <.001
40 and above 74.41% (71.69,76.95) 0.73 (0.46,1.15) 174
BMI 2 groups <.001
25-39 61.02% (57.92,64.04) 1.00 (reference) N/A
Below 25 or 40 and above 75.28% (72.91,77.50) 1.94 (1.63,2.32) <.001
Gender 172
Male 70.49% (67.87,72.99) 1.00 (reference) N/A
Female 67.87% (65.06,70.56) 0.88 (0.74,1.05) 172
Hospital bed size <.001
Large 72.27% (69.75,74.65) 1.00 (reference) N/A
Small/medium 65.71% (62.79,68.53) 0.74 (0.62,0.88) <.001
Diabetes mellitus .010
No 71.33% (68.90,73.64) 1.00 (reference) N/A
Yes 66.31% (63.22,69.27) 0.79 (0.66,0.95) .010
Hypertension .011
No 71.28% (68.86,73.58) 1.00 (reference) N/A
Yes 66.30% (63.19,69.29) 0.79 (0.66,0.95) 011
Congestive heart failure .004
No 67.65% (65.38,69.83) 1.00 (reference) N/A
Yes 73.81% (70.23,77.09) 1.35(1.10,1.65) .004
Deyo-CCl .075
0 64.29% (58.50,69.68) 1.00 (reference) N/A
1 72.60% (67.80,76.93) 1.47 (1.05,2.06) .024
2 or higher 69.44% (67.19,71.59) 1.26 (0.97,1.65) .086
Clinical course
PCI <.001
No 70.20% (68.28,72.05) 1.00 (reference) N/A
Yes 38.46% (27.49,50.74) 0.27 (0.16,0.44) <.001

Abbreviations: Cl, confidence interval; Deyo-CCl, Deyo Comorbidity Index.
Note: p Values in bold refer to the global null hypothesis of no difference between the subgroups.
p Values not in bold refer to the pairwise comparison of each subgroup with the reference subgroup.

14,18

Not surprisingly, patients in the higher BMI groups suffered from hypertension, while diabetes was associated with worse out-

increased prevalence of cardiovascular risk factors such as DM and comes post OHSCD.** In our analysis, in a multivariate regression

HTN. Some prior studies reported better outcomes in patients with analysis, neither diabetes nor hypertension, were not found to
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TABLE 4 Multivariate analysis for

Predictor Probability (95% Cl) Odds ratio (95% ClI) p Value ] . . ’
predictors of in-hospital mortality
Age group, years .078
18-44 72.05% (64.03,78.86) 1.00 (reference) N/A
45-59 63.50% (56.80,69.72) 0.68 (0.46,1.00) .050
60-74 64.08% (58.03,69.70) 0.69 (0.47,1.02) .061
75 or older 59.41% (52.04,66.39) 0.57 (0.37,0.87) .010
Gender .325
Male 66.04% (60.54,71.14) 1.00 (reference) N/A
Female 63.76% (58.07,69.09) 0.90 (0.74,1.10) 325
Race .002
Non-White 60.68% (53.94,67.04) 1.00 (reference) N/A
White 68.92% (64.33,73.16) 1.44 (1.15,1.80) .002
BMI sub-groups <.001
Below 20 72.62% (64.82,79.24) 0.84 (0.48,1.47) .546
20-25 75.88% (65.77,83.74) 1.00 (reference) N/A
26-30 61.64% (53.40,69.26) 0.51 (0.30,0.88) 016
31-35 52.20% (44.46,59.84) 0.35 (0.21,0.58) <.001
36-39 54.16% (46.19,61.91) 0.38 (0.22,0.64) <.001
40 and above 69.84% (64.67,74.55) 0.74 (0.45,1.20) .218
BMI 2 groups <.001
25-39 56.04% (50.17,61.74) 1.00 (reference) N/A
Below 25 or 40 and above 71.48% (66.82,75.73) 1.97 (1.61,2.40) <.001
Hospital bed size <.001
Large 68.86% (63.60,73.68) 1.00 (reference) N/A
Small/medium 60.74% (54.90,66.29) 0.70 (0.57,0.85) <.001
Deyo-CCl .003
0 56.02% (47.81,63.92) 1.00 (reference) N/A
1 70.46% (63.48,76.59) 1.87(1.27,2.75) 0.001
2 or higher 67.57% (62.81,71.99) 1.64 (1.19,2.25) 0.003
Congestive heart failure .043
No 64.35% (59.21,69.18) 1.00 (reference) N/A
Yes 69.93% (63.04,76.03) 1.29 (1.01,1.65) .043
Percutaneous coronary intervention <.001
No 65.34% (60.28,70.08) 1.00 (reference) N/A
Yes 33.50% (20.98,48.88) 0.27 (0.15,0.49) <.001

Abbreviations: Cl, confidence interval; Deyo-CCl, Deyo Comorbidity Index.
Note: p Values in bold refer to the global null hypothesis of no difference between the subgroups.
p Values not in bold refer to the pairwise comparison of each subgroup with the reference subgroup.

independently predict increased mortality in this nationwide cohort,
when corrected for other risk factors including BML. It is possible
that the adverse effect of these comorbidities on patient's outcomes
is counterbalanced by the protective mechanisms that improve the
survival in obese patients, many suffering from hypertension and
diabetes. Several such protective pathophysiological mechanisms
were suggested to play a role in improving survival of critically ill
patients, including the benefit of nutritional and caloric reserves in

8,33,34

obese patients and neurohormonal mechanisms related to

higher leptin levels in obese patients.*>>=%” We assume that similar

mechanisms may play a role in patients who are exposed to an
intense continuous metabolic stress associated with an OHSCD
event and hospitalization.

This association of obesity with favorable survival after OHSCD
should not be interpreted as supporting weight gain. Elevated BMI
has been proven over the years as an independent risk factor for vari-
ous cardio-vascular conditions such as ischemic heart disease, acute
coronary syndrome, congestive heart failure, atrial and ventricular

h.78

arrhythmia and sudden cardiac deat Obese patients suffered their

cardiac arrest event years earlier than nonobese patients, providing
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unequivocal evidence to support preventive strategies to reduce the
prevalence of obesity.

Our study should be interpreted in the context of several limita-
tions. First, the NIS database is a retrospective administrative data-
base that contains discharge-level records and as such is susceptible
to coding errors. Second, the lack of patient identifiers in the NIS
database prevented us from using other outcome variables and mor-
tality measures such as at 30 days. We could only capture events that
occurred in the same index hospitalization. The NIS database also
does not include detailed information about patients' clinical charac-
teristics, medication, blood tests etc. Therefore, we cannot rule out
residual confounding of the association we observed. These limita-
tions are counterbalanced by the real world, nationwide nature of the
data, lack of selection bias as well as absence of reporting bias intro-

duced by selective publication of results from specialized centers.

41 | Conclusion

A U-shaped relationship between BMI and in-hospital mortality was
documented in patients hospitalized for out of hospital sudden cardiac
death in the United States in the recent years. These findings support
the existence of an “obesity paradox” in OHSCD, associated with
improved in-hospital survival.
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Condition Score
Myocardial infarction 1
Congestive heart failure 1
Peripheral vascular disease 1
Cerebrovascular disease 1
Dementia 1
Chronic pulmonary disease 1
Rheumatologic disease 1
Peptic ulcer disease 1
Mild liver disease 1
Diabetes 1
Diabetes with chronic complications 2
Hemiplegia or paraplegia 2
Renal disease 2
Any malignancy including leukemia and lymphoma 2
Moderate or severe liver disease 3
Metastatic solid tumor 6
Acquired immunodeficiency syndrome (AIDS) 6





