Journal of the American Heart Association

ORIGINAL RESEARCH

Impact of the Obesity Paradox Between
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BACKGROUND: Several studies have shown that obesity is associated with better outcomes in patients with cardiogenic shock
(CS). Although this phenomenon, the “obesity paradox,” reportedly manifests differently based on sex in other disease entities,
it has not yet been investigated in patients with CS.

METHODS AND RESULTS: A total of 1227 patients with CS from the RESCUE (Retrospective and Prospective Observational Study to
Investigate Clinical Outcomes and Efficacy of Left Ventricular Assist Device for Korean Patients With Cardiogenic Shock) registry
in Korea were analyzed. The study population was classified into obese and nonobese groups according to Asian Pacific criteria
(BMI >25.0 kg/m? for obese). The clinical impact of obesity on in-hospital mortality according to sex was analyzed using logistic
regression analysis and restricted cubic spline curves. The in-hospital mortality rate was significantly lower in obese men than non-
obese men (34.2% versus 24.1%, respectively; P=0.004), while the difference was not significant in women (37.3% versus 35.8%,
respectively; P=0.884). As a continuous variable, higher BMI showed a protective effect in men; conversely, BMI was not associ-
ated with clinical outcomes in women. Compared with patients with normal weight, obesity was associated with a decreased risk
of in-hospital death in men (multivariable-adjusted odds ratio [OR], 0.63; CI, 0.43-0.92 [P=0.016]), but not in women (multivariable-
adjusted OR, 0.94; 95% Cl, 0.55-1.61 [P=0.828]). The interaction P value for the association between BMI and sex was 0.023.

CONCLUSIONS: The obesity paradox exists and apparently occurs in men among patients with CS. The differential effect of BMI
on in-hospital mortality was observed according to sex.
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dition with high morbidity and mortality, and no tic options."? In many studies, factors that determine

Cardiogenic shock (CS) is a life-threatening con-  favorable outcome despite advances in therapeu-
definite management has shown clear clinical the clinical course of CS were evaluated and various
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CLINICAL PERSPECTIVE

What Is New?

¢ |nour cardiogenic shock—dedicated registry, obe-
sity was associated with less in-hospital mortality,
a phenomenon known as the “obesity paradox.”

e This was observed differently between sexes,
with the paradoxical pattern displayed only in
men and not women.

What Are the Clinical Implications?

e The current result confirms that the obesity par-
adox, a well-known phenomenon in the field of
cardiology, can also be identified in the setting
of cardiogenic shock, providing more informa-
tion on the prediction of the disease’s prognosis.

e The sex difference seen in the obesity paradox
may give further insights into the exact mecha-
nism, with more studies needed in the future.

Nonstandard Abbreviations and Acronyms

Cs cardiogenic shock

RESCUE Retrospective and Prospective
Observational Study to Investigate
Clinical Outcomes and Efficacy of Left
Ventricular Assist Device for Korean
Patients With Cardiogenic Shock

risk factors were shown to contribute to negative out-
comes.® Obesity, one of the risk factors traditionally
known to be associated with worse outcomes in pa-
tients with heart failure (HF),* was also reported to con-
tribute to negative outcomes in CS.%6

Some researchers, however, have suggested that
obesity is associated with better outcomes among pa-
tients with various cardiovascular diseases. The “obe-
sity paradox” phenomenon has been confirmed in HF,
myocardial infarction (Ml), valve diseases, and arrhyth-
mia.”"® In several studies, unequal presentation of
the obesity paradox was shown between sexes, and,
specifically, in patients with HF with or without acute
coronary syndrome, studies show that the obesity par-
adox occurred only in men and was not observed in
women.""'? However, in the setting of CS, only a few
studies were conducted on the association of obesity
with clinical outcomes.’®™* Although positive results
were found, all studies involved only CS originating
from MI and no other causes. Furthermore, analyzing
the association between obesity and sex in CS has
not yet been investigated. Therefore, we investigated
whether the prognostic impact of obesity differs based

J Am Heart Assoc. 2022;11:€024143. DOI: 10.1161/JAHA.121.024143

Obesity Paradox in Cardiogenic Shock

on sex, and whether an interaction between sex and
body mass index (BMI) exists in patients with CS using
a multicenter, dedicated CS registry.

METHODS
Study Population
The RESCUE (Retrospective and Prospective

Observational Study to Investigate Clinical Outcomes
and Efficacy of Left Ventricular Assist Device for Korean
Patients With Cardiogenic Shock) (NCT02985008
at https://www.clinicaltrials.gov/) registry is a nation-
wide, prospective and retrospective, multicenter reg-
istry investigating clinical characteristics, treatments,
and outcomes of CS in Korea. From January 2014 to
December 2018, the 12 regional representative hos-
pitals in Korea participated in this study and enrolled
consecutive patients with CS. Inclusion criteria were
the following: systolic blood pressure <90 mm Hg for
30 minutes or need for inotrope or vasopressor sup-
port to achieve a systolic blood pressure >90 mm Hg,
and presence of pulmonary congestion and signs of
impaired organ perfusion (altered mental status, cold
periphery, oliguria <0.5 mL/kg per hour for the previous
6 hours, or blood lactate >2 mmol/L). Exclusion crite-
ria were out-of-hospital cardiac arrest and evidence of
septic or hypovolemic shock. Patients whose BMI was
unavailable (n=20) were also excluded from the study.

Recruited patients were then divided into men and
women, and then further divided into 4 BMI subgroups:
underweight, normal weight, overweight, and obese.
When categorizing patients based on BMI, the classi-
fication for the Asian population was used'®; accord-
ingly, patients were categorized into underweight (BMI
<18.5 kg/m?), normal weight (18.5 <BMI<23.0 kg/m?),
overweight (23.0 <BMI<25.0 kg/m?), and obese (BMI
>25.0 kg/m?). Categorizing patients into 5 groups in-
cluding extremely obese patients (>30 kg/m?) was
considered; however, because of the limited number of
extremely obese patients to have statistical significance
(n=50, 4.1%), the classification was not included, and
these patients were included in the obese group. The
data that support the findings of this study are available
from the corresponding author on reasonable request.

Data Collection and Measurement

Various data regarding the conditions, management, and
outcomes of patients were collected using a web-based
record form. All baseline data were measured on ad-
mission of patients. BMI was calculated from measured
weight and height at admission. Body weight was meas-
ured with a weight scale or calibrated stretcher scale in-
stalled in the patient’s bed, while height was measured
with a ruler as the distance between the soles of the
feet and the highest point on the head. The “ischemic”
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cause of CS was defined as acute Ml or worsening of
ischemic cardiomyopathy as a cause of shock. Acute Ml
was defined according to the universal definition of MI.'®
Ischemic cardiomyopathy was defined as HF with the
presence of any epicardial coronary vessels with >75%
stenosis or any history of Ml or coronary revasculariza-
tion, excluding those with single-vessel disease without
left main or proximal left anterior descending arterial le-
sion, or history of Ml or revascularization in concordance
with previous studies.!” Additional information was ob-
tained from medical records or by telephone contact if
necessary. The primary outcome was in-hospital mortal-
ity. The RESCUE registry provided and gained informed
consent for all prospectively enrolled participants, while
the need for informed consent was waived for the ret-
rospectively enrolled participants. No additional consent
was required for this study. The study was approved
by the institutional review board of Samsung Medical
Center (approval number 2016-03-130).

Statistical Analysis
Categorical or discrete variables were compared using
chi-square or Fisher exact test. Continuous variables
were presented as the mean+SD and analyzed using
unpaired t test or Mann-Whitney rank sum test de-
pending on their distribution. To evaluate the differen-
tial impact of obesity on in-hospital mortality according
to sex, univariable and multivariable logistic regression
analyses were performed. The multivariable model
was constructed using all variables with a significance
of P<0.1 in the univariable analysis and all clinically rel-
evant variables. The final multivariate model was con-
structed using backward elimination to identify the best
Akaike information criterion, and odds ratios (ORs) and
95% Cls were identified. The final model included the
variables of age, sex, acute cause of shock, hyperten-
sion, diabetes, dyslipidemia, current smoker, and prior
MI. Restricted cubic spline curves with 3 knots were
used to evaluate the continuous effects of BMI on the
outcome based on men and women, with 25 kg/m? as
the reference value of BMI for relative ORs. A P value
for interaction between sex and BMI was calculated.
Statistical analyses were performed using SPSS
version 25 for Windows (SPSS Inc), and R version
3.6.2 (R Foundation for Statistical Computing). All tests
were 2-tailled, and P<0.05 was considered statistically
significant.

RESULTS

Baseline Characteristics

A total of 1227 patients were finally included in the pre-
sent study (Figure S1). Overall, 848 patients (69.1%)
were men and 379 (30.9%) were women (Table S1).
Figure 1 shows the distribution of BMI subgroups,
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including obesity, overweight, normal weight, and un-
derweight, in men and women, respectively.

Table 1 summarizes the baseline characteristics of the
study population based on obesity and sex difference.
Among men, the obese patients were significantly
younger than nonobese patients; however, a significant
difference was not observed in age among women.
The incidence of hypertension was significantly higher
in obese men than in nonobese men; however, this
difference was not observed between obese and non-
obese women. Left ventricular ejection fraction was
significantly higher in obese patients than in nonobese
patients in both men and women. Although the major-
ity of CS causes were ischemic in the total population
(987 of 1227, 80.4%), the incidence of the ischemic
cause was more frequent in obese than nonobese men
(88.8% versus 82.8%, respectively; P=0.021).

In-Hospital Management and Outcomes

Table 2 shows the medical and mechanical manage-
ment performed during clinical course and outcomes
including in-hospital mortality. Application of mechani-
cal ventilation was significantly lower in obese men
compared with nonobese men. This was followed by
significantly shorter stays in both the intensive care unit
and the hospital for obese and nonobese men (inten-
sive care unit stay: 7.0 versus 13.6 days, respectively
[P<0.001]; hospital stay: 12.7 versus 21.1 days, respec-
tively [P<0.001]). The in-hospital mortality rate was sig-
nificantly lower in obese men compared with nonobese
men (24.1% versus 34.2%, respectively; P=0.004). In
women, a significant difference was not observed in

24.6%

30.2% 32.7%

Overall population Men Women
" Underweight (BMI <18.5 kg/m’)
™ Normal weight (18.5sBMI<23 kg/m’)
" Overweight (23sBMI<25 kg/m’)
Obese (BMI >25 kg/m’)

Figure 1. Distribution of body mass index (BMI) subgroups
in men and women.



Kwon et al

Obesity Paradox in Cardiogenic Shock

Table 1. Baseline Characteristics
Men (n=848) Women (n=379)
Nonobese Obese Nonobese Obese
(n=570) (n=278) P value (n=284) (n=95) P value
Age, y 65.7+12.7 60.4+13.2 <0.001 69.3+15.3 69.0+13.0 0.844
Mean blood pressure, mm Hg 54.7+21.5 58.7£23.5 0.014 54.4+21.0 56.2+24.5 0.497
Body mass index, kg/m? 21.9+2.2 27.4£21 <0.001 21124 28.0+2.5 <0.001
Left ventricular ejection fraction, % 34.5+15.7 38.2+16.8 0.003 35.2+16.4 40.2+16.6 0.021
Cardiac arrest as presentation 113 (19.8) 52 (18.7) 0.769 48 (16.9) 18 (18.9) 0.765
Cause of shock 0.032 0.986
Acute cause* 440 (77.2) 233 (83.8) 207 (72.9) 70 (73.7)
Chronic cause’ 130 (22.8) 45 (16.2) 77 (271) 25 (26.3)
Ischemic cause 472 (82.8) 247 (88.8) 0.021 203 (71.5) 65 (68.4) 0.571
Comorbidities
Hypertension 268 (47.0) 156 (56.1) 0.016 163 (57.4) 63 (66.3) 0.158
Diabetes 206 (36.1) 98 (35.3) 0.860 98 (34.5) 36 (37.9) 0.636
Dyslipidemia 149 (26.1) 88 (31.7) 0.110 65 (22.9) 25 (26.3) 0.589
Current smoker 215 (37.7) 112 (40.3) 0.518 15 (56.3) 7(7.4) 0.617
Chronic kidney disease 58 (10.2) 20 (7.2) 0.199 30 (10.6) 12 (12.6) 0.714
Peripheral arterial occlusive disease 29 (5.1) 10 (3.6) 0.425 8(2.8) 5(5.3) 0.419
Prior myocardial infarction 77 (13.5) 44 (15.8) 0.423 25 (8.8) 9(9.5) 1.000
Prior cerebrovascular accident 56 (9.8) 21 (7.6) 0.341 29 (10.2) 11 (11.6) 0.855
Laboratories
Hemoglobin, mg/dL 12.9+2.5 14.0+£2.3 <0.001 11.2+£2.0 11.4+2.6 0.662
Lactic acid, mmol/L 71+8.2 6.7+4.8 0.427 6.5+4.3 71+4.9 0.371
NT-proBNP , pg/dL 3244.0 1318.0 <0.001 6074.0 4659.0 0.117
[326.0-9701.5] [108.0-3890.0] [994.0-20073.0] | [1167.5—
10939.0]

Values are presented as mean+SD, number (percentage), or median [25th percentiles-75th percentile]. Obese and nonobese were defined as body mass
index >25 and <25 kg/m?, respectively. NT-proBNP indicates N-terminal pro-B-type natriuretic peptide.

*Acute cause included acute myocardial infarction, myocarditis, stress-induced cardiomyopathy, and pulmonary embolism.

fChronic cause included ischemic cardiomyopathy, dilated cardiomyopathy, valvular heart disease, arrhythmia, heart transplant rejection, and unspecified

cardiomyopathy.

the management or clinical course of CS. In addition,
a significant difference was not found in in-hospital
mortality based on obesity among women with CS
(P=0.884). Analysis of in-hospital mortality with regards
only to the presence of obesity confirmed that obese
patients showed more favorable outcome than non-
obese patients. Based on chi-square test, in-hospital
mortality rates of obese and nonobese patients were
271% and 35.2%, respectively (P=0.005), and based
on logistic regression with BMI as a continuous vari-
able, BMI was a significant factor for lower in-hospital
mortality (OR, 0.97; 95% CI, 0.93-0.99 [P=0.038)).
Furthermore, when we stratified patients into groups
according to BMI, the obese group showed favorable
outcomes compared with those in the normal-weight
group (multivariable-adjusted OR, 0.72; 95% ClI, 0.53-
0.98, respectively [P=0.036]) (Table S2).

Different Prognostic Effects of BMI Based
on Sex Difference

When in-hospital mortality was analyzed based on the
BMI subgroups in men and women, different effects of
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BMI on outcomes were observed (Table 3). Based on
univariable analysis, underweight and overweight men
showed no significant difference in in-hospital mortal-
ity compared with normal-weight men (P=0.543 and
P=0.737, respectively). Conversely, obese men showed
significantly lower in-hospital mortality than normal-weight
patients (OR, 0.59; 95% Cl, 0.41-0.85 [P=0.004]). This re-
sult was consistent even after adjusting for age (OR, 0.65;
95% Cl, 0.45-0.94 [P=0.022]) and other confounders (OR,
0.63; 95% Cl, 0.43-0.92 [P=0.016]). However, a significant
difference was not observed in clinical outcomes based
on the BMI subgroups in women. Figure 2 summarizes
the continuous ORs for in-hospital mortality, with 25 kg/
m? as the reference value. In men, a protective effect from
obesity was observed; however, obesity showed neither
protective nor harmful effects in women (P for interaction,
0.023 between BMI and sex).

DISCUSSION

In the present study, clinical characteristics and out-
comes between obese and nonobese men and
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Table 2. In-Hospital Management and Outcomes

Intra-aortic balloon pump 146 (25.6) 77 (27.7) 0.573 63 (22.2) 26 (27.4%) 0.372
Extracorporeal membrane 238 (41.8) 100 (36) 0.124 110 (38.7) 38 (40%) 0.922
oxygenator

Shock to ECMO time, min 420.5+883.3 407.0£915.4 0.900 391.1+739.3 388.7+771.7 0.987
ECMO duration, d 5.9+6.6 4.8+4.3 0.130 5.8+£5.5 4.9+4.5 0.477
Continuous renal 142 (24.9) 56 (20.1) 0.146 59 (20.8) 26 (27.4%) 0.233
replacement therapy

Mechanical ventilation 343 (60.2) 136 (48.9) 0.002 155 (54.6) 62 (65.3%) 0.089
ICU stay, d 13.6+27.5 7.0£9.0 <0.001 13.427.8 9.1+13.6 0.049
Hospital stay, d 21.1+33.7 12.7£14.8 <0.001 23.1+33.0 17.7£22.4 0.078
In-hospital death 195 (34.2) 67 (24.1) 0.004 106 (37.3) 34 (35.8%) 0.884

Values are presented as mean+SD or number (percentage). Obese and nonobese were defined as body mass index >25 and <25 kg/m?, respectively. ECMO
indicates extracorporeal membranous oxygenation; and ICU, intensive care unit.

women were compared. In addition, whether an as-
sociation existed between BMI and sex was analyzed
using a relatively large, CS-dedicated registry. Major
findings showed that obesity exerts a protective effect
against in-hospital mortality in men, in accordance with
the obesity paradox; however, the same result was not
observed in women. The interaction between sex and
BMI was significant.

The obesity paradox is not a new discovery. The
description dates back to the early 2000s and has
since been associated with various diseases,'®%? es-
pecially those in the cardiovascular field where obesity
has traditionally been regarded as a risk factor for neg-
ative outcomes. Similarly, the present study’s analysis
results showed that better in-hospital survival occurred
in the obese group. In numerous studies, causes for

Table 3. Risk of In-Hospital Mortality According to BMI and Sex

Underweight 30.6 0.82 0.43-1.57 | 0.543 28.6 0.70 0.34-1.47 | 0.350 0.023
Normal weight 351 Reference 36.3 Reference

Overweight 33.6 0.94 0.65-1.36 | 0.737 45.2 1.45 0.83-2.53 | 0.190

Obese 241 0.59 0.41-0.85 | 0.004 35.5 0.97 0.57-1.64 | 0.901

Underweight 0.75 0.38-1.44 0.383 0.68 0.32-1.44 0.311 0.049
Normal weight Reference Reference

Overweight 0.92 0.64-1.34 0.679 1.48 0.84-2.60 0176

Obese 0.65 0.45-0.94 0.022 0.97 0.57-1.66 0.925

Underweight 0.85 0.43-1.65 0.626 0.69 0.32-1.48 0.341 0.032
Normal weight Reference Reference

Overweight 0.91 0.62-1.32 0.605 1.40 0.79-2.48 0.256

Obese 0.63 0.43-0.92 0.016 0.94 0.55-1.61 0.828

Based on body mass index (BMI), patients were stratified into underweight (BMI <18.5 kg/m?), normal weight (18.5<BMI<23.0 kg/m?), overweight

(23.0<BMI<25.0 kg/m?), and obese (BMI >25.0 kg/m?). OR indicates odds ratio.

*Multivariable logistic regression analysis was performed with the variables of age, acute cause of shock, hypertension, diabetes, dyslipidemia, current

smoker, and prior myocardial infarction.
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A Unadjusted

6.0 Men

4.0

Odds ratios (95% Cl)

6.0 Women

4.0

Odds ratios (95% Cl)

0.2

175 20.0 225 25.0 275 30.0 325
BMI, kg/m?

B Age-adjusted

6.0 Men

4.0

20

Odds ratios (95% ClI)

05

0.2

BMI, kg/m?

6.0 Women

4.0

os (95% Cl)

Odds rati

0.2

17.5 20.0 225 25.0 275 30.0 325

BMI, kg/m?

BMI, kg/m?

Figure 2. Association between body mass index (BMI) and in-hospital mortality according to the sexes.
Reference value was 25 kg/m? of BMI. (A) Unadjusted and (B) age-adjusted odds ratios for in-hospital mortality according to the sex

difference.

the obesity paradox have been investigated. Some
researchers have mentioned various neurohormonal
statuses of obese people,?® or “fat but fit” concepts,
that higher BMI may not always represent pathological
obesity that acts as a risk factor for cardiovascular dis-
ease.???* Others suggest possible selection bias?®2
attributable to obese people receiving more frequent
health checkups or dying earlier.

Whether different patterns of the obesity paradox
exist between the sexes has been investigated in a
small number of studies in the field of HF. Clark et al’
used both BMI and waist circumference to investigate
the effects of obesity on systolic HF and found that a
survival benefit of high BMI and waist circumference

were only observed in men; however, their study
was limited by the small number of women (n=94).
Furthermore, their later study showed both women
and men were affected by the obesity paradox.?” Hong
et al'! studied 3145 patients with systolic HF and found
that those in the high BMI group were associated with
lower 1-year mortality in men but not in women; the
study results did not confirm that the difference of as-
sociation between BMI and in-hospital mortality was
statistically significant. The data in the present study
show that this type of sex-related difference also exists
for the obesity paradox in CS, with the obesity paradox
observed in men but not women. This was identified
with BMI both as a continuous variable and categorical

J Am Heart Assoc. 2022;11:e024143. DOI: 10.1161/JAHA.121.024143 6
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variable and the P value for interaction was statistically
significant, providing evidence for an interaction be-
tween BMI and sex.

The cause of discrepancy between the sexes re-
garding the obesity paradox is not clearly understood.
For HF, Hong et al argued that because proinflamma-
tory biomarkers and extracellular matrix remodeling
were found to be significantly lower and obesity has
a slight anti-inflammatory effect, protective effects of
obesity might be more prominent in men."?® Some
investigators have approached this as an unresolved
bias.?>?6 Because cardiovascular diseases tend to
occur more in men, studies have generally included
fewer women than men; thus, selection bias has been
suggested as a possible cause.?® The women in the
present study accounted for less than a third of total
participants, therefore statistical power may have been
limited. Some studies included younger obese patients
compared with their normal-weight counterparts,
which could provide prognostic effects of age to im-
prove prognoses in the former. In the present study,
the patients in the obese group were also younger than
in the nonobese group, particularly for men. However,
the result did not change after age- or multivariable-
adjusted analysis.

The present study has several limitations. Perhaps
most importantly, a cutline between obese and non-
obese status of BMI 25.0 kg/m? applies to the Asian
population?® and not to the population of other regions.
Therefore, extrapolation of the results to a Western
population, where a different definition for obesity is
used, may be limited. Because the extremely obese
in our study had the same BMI as obese individuals in
Western countries, and worse outcomes were reported
in the extremely obese group in previous studies,*30-32
further analysis with this group would have helped to
better understand the effects of obesity; however, the
number of patients in the extremely obese group was
too small to have any statistical power (n=50). However,
in a cubic spline curve drawn with BMI as a continuous
variable, men with BMIs >30.0 kg/m? still showed signif-
icant lower ORs for mortality, so this might at least give
a clue of what might have occurred had our population
had a sufficient number of patients with higher BMI—
although this is mere speculation and should be inves-
tigated in future larger studies. In addition, chronicity of
HF can lead to cachexia and lower BMI. Unfortunately,
in this analysis, we could not assess the chronicity of
HF and its management including guideline-directed
medical therapy or device therapy. When we evaluated
the impact of acute HF according to sex and obesity,
the final results were consistent.

The obesity paradox exists in patients with CS and
its prognostic effect apparently extends only to men.
A significant association between sex and BMI in pa-
tients with CS was confirmed for the first time using a

J Am Heart Assoc. 2022;11:€024143. DOI: 10.1161/JAHA.121.024143
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large-scale dedicated CS registry. Further studies in a
shock setting are required to confirm this finding.
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Table S1. Baseline characteristics and clinical course between men and women.

Men Women
(n=848) (n=379) Pralue
Age (years) 63.9+13.1 69.4 +14.7 <0.001
Mean  blood  pressure 55.7+£12.5 54.7+222 0.464
(mmHg)
Body mass index (kg/m?) 23.7+3.36 22.8+3.85 0.012
Obesity (body mass index 278 (32.8%) 95 (25.1%) 0.007
>25 kg/m?)
Left ventricular ejection 35.8+16.2 36.3+16.5 0.642
fraction (%)
Cardiac arrest as 165 (19.5%) 66 (14.7%) 0.443
presentation
Cause of shock 0.018
Acute etiology” 673 (79.4%) 277 (73.1%)
Chronic etiology" 175 (20.6%) 102 (26.9%)

Ischemic cause 730 (84.9%) 276 (71.6%) <0.001
Comorbidities

Hypertension 429 (49.9%) 231 (59.7%) 0.001

Diabetes mellitus 307 (35.7%) 136 (35.1%) 0.850

Dyslipidemia 240 (27.9%) 90 (23.3%) 0.085

Current smoker 572 (66.5%) 36 (9.3%) <0.001

Chronic kidney disease 78 (9.1%) 45 (11.6%) 0.161

Peripheral arterial 39 (4.5%) 13 (3.4%) 0.337
occlusive disease

Prior myocardial 125 (14.5%) 35 (9.0%) 0.007
infarction

Prior cerebrovascular 79 (9.2%) 40 (10.3%) 0.523
accident
Laboratories

Hemoglobin (mg/dL) 13.3+£25 11.3+£2.2 0.004

Lactic acid (mmol/L) 6.69 +4.58 6.60 +4.43 0.397

NT-proBNP (pg/dL)* 2210.0 [241.4, 8245.0] 5162.0 [1018.0, 17323.0] <0.001
Clinical course

Mechanical ventilation 486 (56.5%) 223 (57.6%) 0.714



Intra-aortic balloon pump 224 (26.0%) 90 (23.3%) 0.294

Extracorporeal membrane 341 (39.7%) 151 (39.0%) 0.832
oxygenator

ECMO duration (days) 5.6£6.0 55+£52 0.861

Shock to ECMO time 413.2 + 886.1 400.6 + 743.1 0.880
(minutes)

ICU stay (days) 11.6 £23.6 12.1 £24.8 0.754

Hospital stay (days) 19.1 £36.8 21.4+£30.5 0.278

In-hospital death 272 (31.6%) 147 (38.0%) 0.028

Values are mean =+ standard deviation or number (%).

* Acute etiology included acute myocardial infarction, myocarditis, stress-induced cardiomyopathy, and pulmonary embolism.
 Chronic etiology included ischemic cardiomyopathy, dilated cardiomyopathy, valvular heart disease, arrhythmia, heart

transplant rejection, and unspecified cardiomyopathy.
* Presented as median [25" percentiles, 75" percentiles]

NT-proBNP; N-terminal-pro-brain natriuretic peptide, ECMO; extracorporeal membranous oxygenation , ICU; intensive care

unit



Table S2. Risk of in-hospital mortality according to body-mass index for the whole study

population.
Event
rate (%) Unadjusted OR 95% CI P value
Underweight 29.7 0.77 0.47-1.25 0.285
Normal 35.5 Reference
Overweight 36.6 1.05 0.77-1.42 0.760
Obese 27.0 0.67 0.50-0.91 0.009
Age-adjusted OR 95% ClI P value
Underweight 0.71 0.43-1.16 0.170
Normal Reference
Overweight 1.05 0.77-1.43 0.746
Obese 0.74 0.55-0.99 0.048
Sex-adjusted OR 95% ClI P value
Underweight 0.75 0.46-1.21 0.238
Normal Reference
Overweight 1.08 0.79-1.46 0.631
Obese 0.69 0.51-0.93 0.015
Multivariable-adjusted” OR 95% ClI P value
Underweight 0.76 0.46-1.25 0.279
Normal Reference
Overweight 1.03 0.75-1.41 0.848
Obese 0.72 0.53-0.98 0.036

Based on body mass index, patients were stratified into underweight (BMI<18.5 kg/mz), normal (18.5<BMI<23.0 kg/mz),

overweight (23.0<BMI<25.0 kg/mz), and obese (BMI>25.0 kg/mz)

* Multivariable logistic regression analysis was performed with the variables of age, sex, acute etiology of shock, hypertension,

diabetes mellitus, dyslipidemia, current smoker, and prior myocardial infarction.

CI, confidence interval; OR, odds ratio.



Figure S1. Study flow.
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ventricular assist device for Korean patients with cardiogenic shock.
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