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Aims To investigate the obesity paradox and association of extreme obesity with long-term outcomes among older
ST-segment elevation myocardial infarction (STEMI) patients.

...................................................................................................................................................................................................
Methods
and results

Nineteen thousand four hundred and ninety-nine patients >_65 years with STEMI surviving to hospital discharge in
NCDR ACTION Registry-GWTG linked to Centers for Medicare and Medicaid Services outcomes between 2007
and 2012 were stratified by body mass index (BMI) (kg/m2) into normal weight (18.5–24.9), overweight (25–29.9),
class I (30–34.9), class II (35–39.9), and class III/extreme obese (>_40) categories. Multivariable-adjusted associations
were evaluated between BMI categories and mortality by Cox proportional hazards models, and days alive and out
of hospital (DAOH) by generalized estimating equations, within 3 years after discharge. Seventy percent of patients
were overweight/obese and 3% extremely obese. Normal weight patients were older and more likely to smoke;
while extremely obese patients were younger and more likely to be female and black, with lower socioeconomic
status and more comorbidity (P <_ 0.001). A U-shaped association was observed between BMI categories and mor-
tality: patients with class I obesity were at lowest risk, while normal weight [hazard ratio (HR) 1.30, 95% confidence
interval (CI) 1.15–1.47] and extremely obese patients (HR 1.33, 95% CI 1.02–1.74) had higher mortality. Normal
weight [odds ratio (OR) 0.79, 95% CI 0.68–0.90] and extremely obese (OR 0.73, 95% CI 0.54–0.99) individuals
also had lower odds of DAOH.

...................................................................................................................................................................................................
Conclusion Mild obesity is associated with lower long-term risk in older STEMI patients, while normal weight and extreme

obesity are associated with worse outcomes. These findings highlight hazards faced by an increasing number of
older individuals with normal weight or extreme obesity and cardiovascular disease.
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Introduction

As the proportion of adults >_65 years in the US population is pro-
jected to increase from 15 to 24% by 2060,1 understanding the inter-
action between obesity and ST-segment elevation myocardial
infarction (STEMI) outcomes among older adults is increasingly

relevant to public health. An obesity paradox exists among patients
with myocardial infarction (MI) and other cardiovascular diseases
whereby patients with normal body weight have a worse prognosis
than overweight and mildly obese patients.2,3 A meta-analysis
of 218 532 patients confirmed that obese patients with MI had a
30–40% lower mortality compared with normal weight patients after
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1–3 years of follow-up.4 A large Swedish registry of coronary angiog-
raphy patients also reported that mortality through 3 years was low-
est among overweight/obese patients and highest among those who
were underweight/normal weight.5

Many prior studies have not differentiated between MI type
[STEMI vs. non-STEMI (NSTEMI)]6–8 or have focused on patients
with NSTEMI.9–11 Although an obesity paradox is seen among older
NSTEMI patients,12 it is unknown whether this paradox is seen over
long-term follow-up among older STEMI patients. STEMI may differ
from NSTEMI with regard to patient characteristics, pathophysiology,
and complexity of coronary atherosclerosis. Moreover, findings have
not generally been stratified by severity of obesity13 such that data on
long term outcomes and processes of care among those with ex-
treme obesity are limited.14,15 This knowledge gap is particularly rele-
vant because the prevalence of extreme obesity is increasing even as
overall obesity rates have stabilized.16

Therefore, we aimed to determine whether an obesity paradox is
evident over long-term follow-up among older adults with mild obes-
ity after STEMI and sought to further characterize the association of
extreme obesity with long-term outcomes.

Methods

Data source
We studied older adults from a large representative patient sample in the
National Cardiovascular Data Registry (NCDR) Acute Coronary
Treatment and Intervention Outcomes Network Registry–Get with the
Guidelines (ACTION Registry-GWTG). This study is a quality improve-
ment registry database focused on patients admitted to the hospital with
acute myocardial infarction. Details of the ACTION Registry-GWTG
have been previously described.17 Briefly, trained hospital personnel from
>1000 participating centres across the USA collect data from medical re-
cords using a standardized case report form (https://www.ncdr.com/
webncdr/action/ home/datacollection). Abstracted data include demo-
graphics, clinical information, medical therapies, use and timing of cardiac
procedures, and in-hospital outcomes. The registry ensures uniform data
entry and transmission and is subject to quality checks. Because data are
abstracted retrospectively and anonymously without patient identifiers,
institutional review boards by policy waive the need for written informed
consent.

Longitudinal outcomes were ascertained using the Centers for
Medicare and Medicaid Services (CMS) longitudinal administrative
database, which includes inpatient and outpatient claims and the corres-
ponding denominator files through 2012. We linked the ACTION
Registry-GWTG data to Medicare claims using a combination of indirect
identifiers including age, sex, admission date, procedure date, and hospital
identification for the examination of mortality, hospital admissions, and
major adverse cardiac events (MACE).18

Study population
For the present study, we included all patients in ACTION Registry-
GWTG with an acute STEMI at least 65 years old between 2007 and
2012 (n = 81 401 from 852 hospitals). 55 434 patients (68%) from 809
hospitals were successfully matched to CMS longitudinal administrative
data through the end of 2012. After exclusions described in the
Supplementary material, the final analysis population included 19 499 pa-
tients from 503 hospitals between 3 January 2007 and 31 December
2011 (Figure 1). Baseline characteristics were generally similar between

those included vs. excluded from the analysis (see Supplementary mater-
ial online, Table S1).

Outcomes
Outcomes assessed included all-cause mortality, days alive and out of
hospital (DAOH), and a 4-point composite of MACE (mortality, readmis-
sion for myocardial infarction, stroke, or heart failure) through 3 years
post-hospital discharge. The DAOH endpoint was calculated as the dif-
ference between total potential follow-up time and the sum of days spent
in the hospital plus days dead. This endpoint captures the totality of a dis-
ease burden by incorporating both mortality and morbidity. It has a num-
ber of advantages over time-to-event measures including accounting for
both number and duration of multiple hospitalizations, more clinical rele-
vance by assigning greater weight to mortality, more patient-centric ac-
counting for time spent outside the hospital with potential for better
quality of life, and because it is not affected by issues of adjudication
required for cause-specific outcomes.19 Other variable definitions are
described in detail in the Supplementary material online.

Statistical analysis
Patients were stratified according to World Health Organization
body mass index (BMI) categories13 into normal weight (18.5–24.9 kg/
m2), overweight (25–29.9 kg/m2), class I obese (mild, 30–34.9 kg/m2),
class II obese (moderate, 35–39.9 kg/m2), and class III obese (extreme,
>_40 kg/m2) categories. Trends in baseline characteristics, in-hospital
treatment, and discharge medications were compared across BMI
groups using the appropriate Cochran–Mantel–Haenszel statistics for
categorical and continuous variables. Kaplan–Meier curves were gen-
erated to estimate the probability of all-cause mortality within 3 years
post-discharge by BMI category. Comparisons across BMI groups
were performed with the log rank statistic. Multivariable Cox propor-
tional hazards models were used to evaluate the association between
BMI category and mortality adjusted for clinical and socioeconomic
status (SES) characteristics and in-hospital outcomes; results are re-
ported as hazard ratio (HR) and 95% confidence interval (CI).
Covariates used for adjustment included those in the ‘Can Rapid Risk
Stratification of Unstable Angina Patients Suppress Adverse
Outcomes With Early Implementation of the American College of
Cardiology/American Heart Association Guidelines (CRUSADE)’
long-term mortality model in older patients20: age, female sex, race,
current or recent smoking status, prior myocardial infarction, prior
percutaneous coronary intervention (PCI), prior coronary artery by-
pass graft surgery (CABG), prior heart failure, prior stroke, prior per-
ipheral arterial disease, heart failure at presentation, heart rate at
presentation, initial haemoglobin level, initial troponin level, initial cre-
atinine level, and initial systolic blood pressure. STEMI specific add-
itional covariates included: primary PCI at index admission, CABG at
index admission, number of diseased vessels, left ventricular ejection
fraction at index admission, in-hospital cardiogenic shock, and pre-
scription for angiotensin converting enzyme inhibitor or angiotensin
receptor blocker at discharge. Models were also adjusted for SES and
the Charlson comorbidity index.21 SES scores were calculated ac-
cording to Diez Roux et al.22 reflecting summed information about
wealth and income, education, and occupation. Higher scores repre-
sent more favourable SES. Robust standard errors were used to ac-
count for clustering of patients within hospitals.

Differences across BMI categories in DAOH and MACE event rates
were also assessed. For the MACE endpoint, the modelling strategy
described above was used. For the DAOH endpoint, generalized estimat-
ing equations method was used to model DAOH as a proportion of days
possible out of 1095 days (3 years). A logit link was used to reflect the
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..fact that DAOH is bound on 2 sides by 0 and 1095 days. Robust empirical
variance estimates were used to account for the fact that the data are not
necessarily independently binomial and the potential for clustering of pa-
tients within hospitals. Sensitivity analyses were performed to help deter-
mine the potential role of reverse causality of existing non-cardiovascular
diseases/deaths on the BMI-mortality relationship by (i) excluding patients
who died within 6 months, and separately within 1 year, of hospital dis-
charge, (ii) excluding patients with a history of cancer (defined by ICD-9
codes, see Supplementary material online) within 1 year of the index ad-
mission for myocardial infarction, and (iii) subgroup analyses stratifying
patients by current smoking status and separately by Charlson comorbid-
ity index (<3 vs. >_3). All continuous variables were evaluated for nonli-
nearity with the outcome, and restricted cubic splines were used for
those that did not meet the linear criteria. Variables had <2% missing val-
ues. When modelling outcomes, missing values for continuous covariates
were imputed to sex-specific median of the non-missing values. For cat-
egorical variables, missing values were imputed to the most frequently
occurring group. A 2-sided P-value of 0.05 was considered statistically sig-
nificant. SAS version 9.4 (SAS Institute, Cary, NC) was used to perform
all analyses in the study.

Results

Baseline characteristics of the study
population
Among the 19 499 patients included in the analysis, mean age was
74.8 years with 62.1% male and 90.4% white patients. In all, 30.4%

were normal weight, 40.9% overweight, 19.6% were mildly obese,
6.1% were moderately obese, and 3.0% were extremely obese.
Baseline characteristics of the study population stratified by BMI cat-
egory are shown in Table 1. As BMI increased, there was a significant
trend towards younger age, female sex, black race, and less smoking
(P < 0.001). Higher mean SES and lower comorbidity were seen
among those with normal weight/overweight whereas obese patients
had lower mean SES and greater comorbidity, with a widening gap
seen as BMI increased (see Supplementary material online, Figure S1).
Increasing BMI was also associated with a stepwise trend towards
higher left ventricular ejection fraction at presentation and less in-
hospital cardiogenic shock (P < 0.001 for both) whereas a U-shaped
relationship was seen with in-hospital major bleeding, with rates high-
est at the extremes of BMI (P < 0.001). No significant differences
by BMI category were seen for rates of cardiac arrest, provision of
antiplatelet, anticoagulation, statin, or reperfusion therapy, door
to balloon time, or cardiac rehabilitation referral (P all >0.05)
(Table 2).

Relation of body mass index to
long-term mortality and hospitalization
after ST-segment elevation myocardial
infarction
Over a median follow-up period of 2.6 years, 15.3% of patients died.
In unadjusted analyses, a U-shaped association was seen between
BMI and mortality, with higher mortality among normal weight

Figure 1 Flow diagram of patient selection. BMI, body mass index; CMS, Center for Medicare and Medicaid Services; STEMI, ST-segment elevation
myocardial infarction.

Obesity and long term outcomes after STEMI in the elderly 185
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.individuals (19.7%) and those with extreme obesity (15.8%), and the
lowest mortality among those with mild obesity (12.0%) (Figure 2).
After multivariable adjustment, the U-shaped association persisted:
patients with mild (class I) obesity were at lowest risk (referent
group), while normal weight (HR 1.30, 95% CI 1.15–1.47) and ex-
tremely obese patients (HR 1.33, 95% CI 1.02-–1.74) had higher all-
cause mortality (Figure 3). The adjusted association between normal
weight and higher mortality persisted even after excluding patients
who died within 6 months, and separately within 1 year, of hospital
discharge; and excluding patients with a history of cancer within 1
year of the index admission (see Supplementary material online,
Tables S2–S4). Results were generally similar in subgroup analyses
stratified by current smoking status and separately by Charlson
comorbidity index (<3 vs. >_3), with a persistently higher adjusted

hazard for mortality among normal weight compared with mildly
obese patients even among non-smokers and those with low comor-
bidity (see Supplementary material online, Tables S5 and S6). Results
using unbiased continuous BMI linear splines were consistent with
those using clinical BMI categories.

A U-shaped distribution across BMI categories was also seen with
DAOH (see Supplementary material online, Figure S2). Individuals
with mild obesity had the greatest number of DAOH in the 3 years
post-hospital discharge (mean 832 ± 293) whereas normal weight
and extremely obese patients had the least (mean 802 ± 315 and
802 ± 308, respectively, P < 0.001). After multivariable adjustment,
the odds of spending more time alive and out of hospital at 3 years
post-discharge remained significantly lower for normal weight (OR
0.79, 95% CI 0.68–0.90) and class III obese (OR 0.73, 95% CI 0.54–

....................................................................................................................................................................................................................

Table 1 Baseline demographics and medical history of the study population

Patient characteristics Normal

weight

(n 5 5920)

Overweight

(n 5 7982)

Obese

class I

(n 5 3837)

Obese

class II

(n 5 1192)

Obese

class III

(n 5 568)

P-value

Demographics

Age, years 76 (71–82) 74 (69–79) 72 (68–77) 71 (68–76) 71 (68–75) <0.001

Male, number (%) 3306 (55.8) 5411 (67.8) 2459 (64.1) 689 (57.8) 237 (41.7) <0.001

Race/ethnicity, number (%) <0.001

White 5344 (90.3) 7269 (91.1) 3447 (89.8) 1065 (89.4) 501 (88.2)

Black 262 (4.4) 340 (4.3) 211 (5.5) 73 (6.1) 50 (8.8)

Hispanic 144 (2.4) 231 (2.9) 123 (3.2) 27 (2.3) 11 (1.9)

Insurance status, number (%) 0.02

Medicare 2913 (49.2) 3816 (47.8) 1786 (46.6) 556 (46.6) 275 (48.4)

Private 2920 (49.3) 4050 (50.7) 2007 (52.3) 625 (52.4) 283 (49.8)

Other 84 (1.4) 114 (1.4) 42 (1.1) 11 (0.9) 10 (1.8)

Body mass index, kg/m2 23.1 (21.6–24.1) 27.3 (26.1–28.5) 31.9 (30.9–33.2) 36.7 (35.8–37.9) 43.4 (41.4–47.4) <0.001

Socioeconomic status scorea 0.80 (3.5) 0.66 (3.4) 0.54 (3.4) 0.53 (3.2) 0.07 (3.0) <0.001

Hospital region, number (%) <0.001

West 693 (11.7) 886 (11.1) 406 (10.6) 139 (11.7) 49 (8.6)

Northeast 434 (7.3) 518 (6.5) 260 (6.8) 97 (8.1) 46 (8.1)

Midwest 1743 (29.4) 2615 (32.8) 1306 (34.0) 423 (35.5) 204 (35.9)

South 3050 (51.5) 3963 (49.7) 1865 (48.6) 533 (44.7) 269 (47.4)

Medical history

Hypertension, number (%) 3971 (67.1) 5755 (72.1) 3029 (78.9) 948 (79.5) 464 (81.7) <0.001

Dyslipidaemia, number (%) 3063 (51.7) 4730 (59.3) 2411 (62.8) 760 (63.8) 372 (65.5) <0.001

Diabetes mellitus, number (%) 903 (15.3) 1853 (23.2) 1294 (33.7) 503 (42.2) 274 (48.2) <0.001

Current/recent smoker, number (%) 1526 (25.8) 1558 (19.5) 649 (16.9) 177 (14.9) 88 (15.5) <0.001

Prior MI, number (%) 1083 (18.3) 1499 (18.8) 748 (19.5) 246 (20.6) 114 (20.1) 0.03

Prior HF, number (%) 280 (4.7) 356 (4.5) 209 (5.5) 84 (7.1) 52 (9.2) <0.001

Prior PCI, number (%) 1162 (19.6) 1695 (21.2) 860 (22.4) 287 (24.1) 123 (21.7) <0.001

Prior CABG, number (%) 517 (8.7) 807 (10.1) 394 (10.3) 124 (10.4) 43 (7.6) 0.03

Prior stroke, number (%) 369 (6.2) 481 (6.0) 177 (4.6) 75 (6.3) 42 (7.4) 0.07

Peripheral arterial disease, number (%) 537 (9.1) 576 (7.2) 257 (6.7) 86 (7.2) 38 (6.7) <0.001

Charlson comorbidity indexa 1.92 (1.03) 1.89 (1.04) 1.98 (1.02) 2.11 (1.11) 2.15 (1.08) <0.001

Data represented as median (IQR) or number (%). P-value was calculated by comparing only non-missing row values; all P-values are 5-group comparisons. BMI (kg/m2) catego-
ries are according to the World Health Organization classification: normal weight (18.5–24.9), overweight (25–29.9), class I obese (30–34.9), class II obese (35–39.9), and class
III obese (>_40).
CABG, coronary artery bypass graft; HF, heart failure; MI, myocardial infarction; PCI, percutaneous coronary intervention; BMI, body mass index; IQR, interquartile range.
aMean (standard deviation) presented for this variable.

186 I.J. Neeland et al.
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..0.99) patients compared with class I obese patients. There was no sig-
nificant difference in DAOH for overweight or class II obese patients
compared with class I obese patients.

Relation of body mass index to major
adverse cardiovascular events after ST-
segment elevation myocardial infarction
Within 3 years after hospital discharge, 27.3% of patients experienced
a MACE event. Unadjusted MACE event rates also demonstrated a
U-shaped distribution, with the lowest event rate among class I obese
(24.8%) and the highest event rates among normal weight (30.8%)
and extremely obese (30.5%) patients. However, after multivariable
adjustment, the excess MACE risk among normal weight patients
was attenuated and was no longer different from class I obese

patients; similar results were seen with overweight individuals.
However, class II (HR 1.18, 95% CI 1.02–1.36) and class III patients
(HR 1.23, 95% CI 1.02–1.49) remained at excess risk for MACE com-
pared with patients with class I obesity (Table 3).

Discussion

In this study of the relationship between BMI and long-term mortality
and morbidity outcomes in 19 499 older patients with STEMI, we
found that (i) the majority (70%) were overweight or obese; (ii) 3%
had extreme obesity; (iii) extreme obesity was associated with female
sex, black race, and lower SES; (iv) an obesity paradox was present
among older STEMI patients such that those with mild-moderate
obesity were at lower risk for death and lived longer outside of

....................................................................................................................................................................................................................

Table 2 Presentation and in-hospital characteristics and discharge interventions of the study population

Patient characteristics Normal

Weight

(n 5 5920)

Overweight

(n 5 7982)

Obese

class I

(n 5 3837)

Obese

class II

(n 5 1192)

Obese

class III

(n 5 568)

P-value

Presentation and in-hospital characteristics

Heart rate, bpm 74 (62–88) 74 (63–88) 75 (63–88) 77 (65–90) 78.5 (66–92) <0.001

Systolic blood pressure, mmHg 138 (116–158) 141 (120–162) 142 (122–163) 143 (122–164) 145 (121–164) <0.001

Signs of HF, number (%) 453 (7.7) 641 (8.0) 309 (8.1) 106 (8.9) 49 (8.6) 0.17

Initial haemoglobin, g/dL 13.5 (12.3–14.7) 14.0 (12.8–15.1) 14.0 (12.9–15.2) 13.9 (12.7–15.1) 13.5 (12.5–14.7) <0.001

Initial creatinine, mg/dL 1.0 (0.9–1.3) 1.1 (0.9–1.3) 1.1 (0.9–1.3) 1.1 (0.9–1.3) 1.1 (0.9–1.3) <0.001

Initial troponin, xULN 1.2 (0.3–11.9) 1.0 (0.3–10.8) 1.0 (0.2–9.8) 1.0 (0.3–9.9) 1.4 (0.3–15.2) 0.005

LVEF, number (%) <0.001

>_50% 2661 (46.8) 3906 (50.8) 1908 (51.6) 563 (49.6) 303 (55.8)

25–50% 2785 (49.0) 3515 (45.8) 1665 (45.0) 546 (48.1) 225 (41.4)

<25% 224 (3.9) 239 (3.1) 100 (2.7) 23 (2.0) 12 (2.2)

Multi-vessel coronary disease, number (%) 4018 (68.4) 5479 (69.1) 2623 (68.8) 785 (66.4) 356 (63.1) 0.10

Overall reperfusion therapy 5361 (96.2) 7157 (95.8) 3440 (95.3) 1081 (96.4) 527 (97.4) 0.41

Primary PCI 4922 (89.1) 6527 (88.1) 3103 (86.7) 985 (88.9) 484 (90.1) 0.03

Door to balloon time (minutes) 64.0 (49.0–81.0) 63.0 (48.0–79.0) 64.0 (48.0–80.0) 64.0 (50.5–82.0) 64.0 (48.0–81.5) 0.72

In-hospital CABG, number (%) 329 (5.6) 605 (7.6) 288 (7.5) 70 (5.9) 24 (4.2) 0.02

In-hospital cardiogenic shock, number (%) 289 (4.9) 310 (3.9) 140 (3.7) 39 (3.3) 20 (3.5) <0.001

In-hospital major bleeding, number (%) 723 (12.2) 801 (10.0) 365 (9.5) 127 (10.7) 71 (12.5) <0.001

Aspirin within 24 h, number (%) 5788 (98.9) 7787 (98.9) 3747 (98.9) 1160 (98.9) 553 (99.1) 0.91

P2Y12 receptor inhibitor within 24 h,

number (%)

5417 (91.5) 7240 (90.7) 3457 (90.1) 1097 (92.0) 536 (94.4) 0.65

Statin within 24 h, number (%) 4154 (72.7) 5611 (72.9) 2709 (72.9) 856 (75.0) 418 (75.3) 0.22

Discharge interventions

Aspirin, number (%) 5747 (98.9) 7748 (99.0) 3719 (98.9) 1157 (99.1) 545 (98.4) 0.97

P2Y12 receptor inhibitor, number (%) 5552 (94.2) 7365 (92.7) 3531 (92.4) 1116 (93.9) 534 (94.9) 0.04

Statin, number (%) 5440 (94.6) 7349 (94.9) 3552 (95.0) 1108 (96.1) 518 (94.5) 0.15

Beta blocker, number (%) 5413 (97.4) 7408 (97.8) 3587 (97.5) 1112 (97.1) 532 (97.8) 0.97

ACE inhibitor/ARB, number (%) 4200 (76.8) 5823 (78.3) 2928 (81.1) 909 (81.3) 446 (82.9) <0.001

Aldosterone antagonist, number (%) 235 (4.1) 331 (4.2) 180 (4.8) 61 (5.2) 28 (5.1) 0.02

Cardiac rehabilitation referral, number (%) 4665 (84.7) 6440 (85.0) 3126 (85.3) 973 (84.6) 454 (85.3) 0.58

Data represented as median (IQR) or number (%). P-value was calculated by comparing only non-missing row values; all P-values are 5-group comparisons. BMI (kg/m2) catego-
ries are according to the World Health Organization classification: normal weight (18.5–24.9), overweight (25–29.9), class I obese (30–34.9), class II obese (35–39.9), and class
III obese (>_40).
ACE, angiotensin converting enzyme; ARB, angiotensin receptor blocker; BPM, beats per minute; CABG, coronary artery bypass graft; LVEF, left ventricular ejection fraction;
HF, heart failure; PCI, percutaneous coronary intervention; ULN, upper limit of normal; BMI, body mass index.
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..hospital compared with normal weight or extremely obese individ-
uals; (v) the improved outcomes observed in mild obesity did not ex-
tend to patients with extreme obesity, who remained at significantly
increased risk for all adverse outcomes; and (vi) the obesity paradox
did not extend to composite MACE events, which demonstrated a
linear association with BMI. Although the possibility of reverse causal-
ity cannot be completely ruled out, our sensitivity analyses show that
the increased hazard for mortality among normal BMI patients (com-
pared with mild obesity) after STEMI persists despite excluding early
deaths and patients with existing cancer, and is consistent across
smoking status and low vs. high comorbidity, all situations in which
excess mortality could potentially be attributed to non-
cardiovascular causes.

An obesity paradox has been reported in older NSTEMI patients
in a long-term follow-up study from the CRUSADE Registry.12

However, this NSTEMI population was older with more women and
diabetes and lower rates of smoking and in-hospital cardiogenic
shock, and less cardiac catheterization. In contrast, 88% of the pa-
tients in our study underwent primary PCI, and were well treated
with secondary prevention with minor differences between BMI
groups. Thus, the observed differences in outcome are not likely ex-
plained by differences in treatment of the index STEMI. In a prior
study limited to in-hospital outcomes among STEMI patients from
NCDR ACTION Registry-GWTG, the protective association of
obesity on in-hospital mortality also did not extend to extremely
obese patients.15 However, this study was limited to in-hospital out-
comes and the extremely obese patients were generally younger,

limiting generalizability to an older STEMI population. In the current
study limited to those >_65 years, our results suggest that the favour-
able outcomes associated with mild-moderate obesity do not extend
to patients with extreme obesity at any age after STEMI.

The excess mortality seen with class III obesity suggests a ‘thresh-
old effect’, such that exposure to BMI >_40 kg/m2 attenuates or re-
verses any protective effects present from surplus energy reserves in
milder obesity. Higher in-hospital bleeding rates were also observed
in this group that may be associated with increased risk for long-term
recurrent bleeding, MACE, and mortality after PCI.23 Adverse effects
on haemodynamics and cardiac structure and function may contrib-
ute to mortality risk in extreme obesity such as increased total blood
volume required to perfuse a growing adipose organ with greater
required cardiac output and workload.2 Alterations in the autonomic
nervous system may also result from extreme obesity and potentiate
its metabolic effects.24 Finally, although referral rates for cardiac re-
habilitation were not different across BMI groups in our study, indi-
viduals with extreme obesity are more likely to have orthopedic/
musculoskeletal problems and impaired physical fitness. These indi-
viduals may not be able to effectively participate in cardiac rehabilita-
tion and therefore may not derive the same long-term benefit as
individuals with lower BMI.

The increased long-term risk seen among normal weight patients
after STEMI despite a more favourable SES and less medical comor-
bidity warrants discussion. Many researchers have postulated that
the worse prognosis in normal weight patients may be explained by
the effect of residual confounding,15 such that normal body weight in

Figure 2 Unadjusted probability of mortality (%) by 3 years post-discharge by BMI category. BMI (kg/m2) categories are according to the World
Health Organization classification: normal weight (18.5–24.9, blue), overweight (25–29.9, red), class I obese (30–34.9, green), class II obese (35–39.9,
brown), and class III obese (>_40, purple).
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a contemporary cardiovascular disease population reflects the pres-
ence of serious comorbidity not adequately captured. Therefore, evi-
dence for an obesity paradox should not be misinterpreted to
recommend higher target BMIs after STEMI since reverse causality
may be present.3 Importantly, whereas older studies found excess
risk limited to underweight individuals, this is now seen with BMI in
the ‘normal’ range in our contemporary study. We believe this

reflects the overall shift in the BMI distribution among patients with
STEMI, and illustrates the sobering reality that it is now so ‘abnormal’
to present with STEMI and BMI < 25 that the possibility of unrecog-
nized medical illness or frailty must be considered.

The clinical implications of these findings are increasingly relevant
given the static prevalence of obesity despite substantial clinical and
policy efforts. The National Health and Nutrition Examination Survey

Figure 3 Unadjusted and multivariable-adjusted risk of death at 3 years post-hospital discharge by BMI category; observed hazard and hazard ratios
(HR) with 95% confidence intervals (CI) are displayed. Model adjusted for age, female sex, race, current or recent smoking status, prior myocardial in-
farction, percutaneous coronary intervention (PCI), coronary artery bypass graft surgery (CABG), heart failure, stroke, peripheral arterial disease,
heart failure at presentation, heart rate at presentation, initial haemoglobin level, initial troponin level, creatinine level, and systolic blood pressure,
primary PCI or CABG at index admission, number of diseased vessels, left ventricular ejection fraction, in-hospital cardiogenic shock, prescription for
angiotensin converting enzyme inhibitor or angiotensin receptor blocker at discharge, socioeconomic status and Charlson comorbidity index. BMI
categories same as in Figure 2.

............................................................ ............................................................

....................................................................................................................................................................................................................

Table 3 Risk of a major adverse cardiovascular event at 3 years post-hospital discharge across body mass index
categories

Unadjusted Adjusted

BMI category HR (95% CI) P-value HR (95% CI) P-value

Normal weight (n = 5920) 1.29 (1.19–1.41) <0.001 1.05 (0.96–1.15) 0.30

Overweight (n = 7982) 1.04 (0.95–1.13) 0.42 0.99 (0.91–1.09) 0.87

Class I obese (n = 3837) Referent Referent

Class II obese (n = 1192) 1.28 (1.12–1.47) <0.001 1.18 (1.02–1.36) 0.03

Class III obese (n = 568) 1.28 (1.07–1.53) 0.006 1.23 (1.02–1.49) 0.03

Referent: Class I Obese. MACE: all-cause mortality or readmission for myocardial infarction, stroke, or heart failure. BMI (kg/m2) categories are according to the World Health
Organization classification: normal weight (18.5–24.9), overweight (25–29.9), class I obese (30–34.9), class II obese (35–39.9), and class III obese (>_40).
CI, confidence interval; HR, hazard ratio; BMI, body mass index; MACE, major adverse cardiac event.

Obesity and long term outcomes after STEMI in the elderly 189



..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

.
(NHANES) reported an upward trend towards more severe forms
of obesity among children25 and a recent study from Canada re-
ported that the prevalence of extreme obesity increased by 400%
over the past 2 decades.26 An analysis from NHANES reported an
overall prevalence of extreme obesity of 5.5% in US men and 9.9% in
women, with increases in the prevalence of overall obesity and of ex-
treme obesity among women between 2005 and 2014.16 A similar
trend was observed specifically among women older than 60.27 It is
important to note that the impact of extreme obesity on mortality
grows significantly stronger with increasing age.28 Our findings also
have economic and patient-centred implications since increased rates
of readmission and longer time in the hospital lead to higher costs
and decreased quality of life. These findings highlight a need for ag-
gressive prevention and treatment for this high risk group. Whether
treatment paradigms after STEMI, such as approaches to medical
therapy or multi-vessel revascularization, influence outcomes and dif-
fer by BMI class remains to be determined.

Our study has several limitations. First, differences in post-
discharge processes of care/treatment may have influenced the
protective association seen with mild obesity after STEMI. Also, alter-
native metrics of adiposity were not captured in the dataset, limiting
the ability to explore variation in body composition or body fat distri-
bution. Since studies have shown that more contemporary measures
of central obesity such as waist circumference and waist to hip ratio
are more robust predictors of cardiovascular outcomes,29 more de-
tailed metrics of central adiposity such as body composition and fat
distribution30 will be important to consider in future studies. Frailty
or physical fitness, important factors that may influence the associ-
ation of BMI with outcomes, were not available. Our findings may not
be generalizable to other racial/ethnic populations, such as South
Asians, in whom different BMI risk cut-offs for mortality and cardio-
vascular disease may exist,31 or to younger individuals <65 years.
Lastly, because obese STEMI patients are often younger than their
normal weight counterparts, it is possible that selection bias exists in
which data on only the healthiest obese patients that survive long
enough to hospital discharge was captured. However, since

overweight and obese patients had lower SES and more medical
comorbidity, our findings are unlikely to be explained by healthy se-
lection bias. Our findings should also be taken within the context of
their observational registry design with the inherent limitations that
were are unable to fully account for unmeasured confounding and
that the results should be considered hypothesis generating.

In summary, the obesity paradox persists over long-term follow-
up in older STEMI patients but does not extend to extreme obesity
(Figure 4). Further study is needed to discern the sociobiological
mechanisms underpinning these observations. The rapidly growing
population with extreme obesity, characterized by lower SES and
high proportions of women and blacks, represents a population at
notably increased risk for adverse long term outcomes after STEMI.

Supplementary material

Supplementary material is available at European Heart Journal—Quality
of Care and Clinical Outcomes online.
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