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The protective effect of obesity on mortality in acute coronary syndromes (ACS) patients
remains debated. We aimed at evaluating the impact of obesity on ischemic and bleeding
events as possible explanations to the obesity paradox in ACS patients. For the purpose of
this substudy, patients enrolled in the START-ANTIPLATELET registry were stratified
according to body mass index (BMI) into 3 groupS' normal, BMI <25 kg/m?; overweight,
BMI: 25 to 29.9 kg/m?; obese, BMI >30 kg/m>. The primary end point was net adverse
clinical end points (NACE), defined as a composite of all-cause death, myocardial infarc-
tion, stroke, and major bleeding. In n=1,209 patients, n=410 (33.9%) were normal,
n =538 (44.5%) were overweight and n =261 (21.6%) were obese. Compared to the nor-
mal weight group, obese and overweight patients had a higher prevalence of cardiovascu-
lar risk factors but were younger, with a better left ventricular ejection fraction and lower
PRECISE-DAPT score. At 1-year follow-up net adverse clinical endpoints was more fre-
quently observed in normal than in overweight and obese patients (15.1%, 8.6%,
and9.6 %, respectively; p = 0.004), driven by a significantly higher rate of all-cause death
(6.3%, 2.6%, and 3.8%, respectively; p =0.008), whereas no significant differences were
noted in terms of myocardial infarction, stroke, and major bleeding. When correcting for
confounding variables, BMI loses its power in independently predicting outcomes, failing
to confirm the obesity paradox in a real-world ACS population. In conclusion, our study
conflicts the obesity paradox in real-world ACS population, and suggest that the reduced
rate of adverse events and mortality in obese patients may be explained by relevant differ-

ences in the clinical risk profile and medications rather than BMI per se. © 2019 Elsevier
Inc. All rights reserved. (Am J Cardiol 2019;124:1662—1668)

In recent decades, obesity has dramatically increased. It is
estimated that half of the adults are obese or overweight, as
defined by the body mass index (BMI)."” In the general
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population, obesity is assomated with higher cardiovascular
morbidity and mortality rate.’ Nevertheless, it has been
shown that obesity can play a protective role in a variety of
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disease conditions, such as end-stage chronic renal failure,
heart failure (HF) and coronary artery disease (CAD).* ¢
Different studies have also shown this “obesity paradox”’~'"
in obese patients presenting with acute coronary syndromes
(ACS) undergoing percutaneous coronary intervention (PCI).
Several possible explanations have been advanced.” How-
ever, to date, the association between BMI and other major
cardiovascular or bleeding events has not been defined yet.
We sought to investigate the impact of BMI on ischemic
and bleeding events, and the possible interaction with treat-
ment strategies, in consecutive ACS patients, including
unstable angina, non-ST-elevation myocardial infarction
and ST-elevation myocardial infarction, enrolled in the
START-ANTIPLATELET registry.

Methods

The START-ANTIPLATELET is a branch of the inves-
tigators-driven, nonsponsored, START registry (Survey
on anticoagulated pAtients RegisTer, NCT02219984),"
promoted by the Arianna Anticoagulazione Foundation,
Bologna. The START ANTIPLATELET is a prospective,
real-world registry performed on consecutive patients
>18 years, admitted for ACS in seven Italian institutions.
No explicit exclusion criteria were applied. Each center
identified 2 fixed days for enrolment during the week, and
all consecutive patients admitted in those 2 days were
included in the registry. All patients underwent a clinical
assessment during the hospital stay for the index event
(baseline visit), and subsequently at 6 months and 1 year.
Results from previous subanalyses have been reported else-
where.'”~'° For the purpose of this substudy, as a part of
the prospective data collection, BMI was calculated using
the following formula: BMI =body weight (in kg)/square
of stature (height, in meters).'” Patients were stratified into
3 BMlI-groups'*: normal, BMI <25 kg/m* overweight,
BMI: 25 to 29.9 kg/m?; obese, BMI >30 kg/m”.

The primary end point was the occurrence of net adverse
clinical end points (NACE) defined as a composite of all-
cause death, myocardial infarction (MI), stroke, and major
bleeding events at follow-up. The secondary end points were
major adverse cardiac and cerebral events (MACCE), defined
as a composite of all-cause death, MI and stroke, each indi-
vidual component of NACE and MACCE, cardiovascular
death, and any revascularization. MI, cardiovascular death,
and all-cause death were defined by the Academic Research
Consortium ~ criteria.'” Coronary revascularization was
defined as PCI (with or without stenting) or coronary artery
bypass surgery. Stroke was defined as an abrupt onset of a
focal neurologic deficit, generally distributed in the territory
of a single brain artery (including the retinal artery), lasting
more than 24 hours.”” Major bleeding was classified accord-
ing to the thrombolysis in myocardial infarction criteria, as
intracranial bleeding or clinically overt bleeding associated
with a decrease in hemoglobin >5 g/dl.”' Anemia was defined
as hemoglobin <11.5 g/dl for females, and <12.5 g/dl for
males. Clinical, angiographic, procedural characteristics,
and 1-year outcomes were analyzed stratified by BMI-group
(normal vs overweight vs obese).

Data are shown as either mean and SD or median and
interquartile range, in the case of continuous variables and

number and percentage, for categorical variables. The nor-
mal/not normal distribution was preliminarily assessed
through a Kolmogorov-Smirnov Goodness-of-Fit K-S test.
Categorical data were compared using either the Pearson
Chi-square test (with Mantel-Haenszel common odds ratio
estimate) or Fisher exact test when indicated, and continu-
ous variables by nonparametric Mann-Whitney U test or
Kruskal-Wallis test, as appropriate. All the analyses were
stratified according to BMI groups. Cumulative event rates
were estimated by the Kaplan-Meier method and compared
using the log-rank test, hazard ratios and 95% confidence
intervals were calculated. A multivariable Cox regression
model for NACE was performed, correcting for those clini-
cal variables significantly different between groups. Varia-
bles significant in the univariate analysis at a p level of 0.15
were entered in the multivariable model using a backward
stepwise selection approach with a threshold then set at
0.17. A 2-sided p value <0.05 was considered as statisti-
cally significant. All analyses were performed with the
SPSS software (IBM, Armonk, New York), version 24 and
R software (CRAN 3.3.4).

Results

A total of 1,209 patients have been enrolled. BMI calcula-
tion was available for all patients. According to BMI values,
patients were classified as follows: 410 (33.9%) normal, 538
(44.5%) overweight, and 261 (21.6%) obese. Baseline clinical
and demographic characteristics are depicted in Table 1.
Compared with the normal weight group, obese, and over-
weight patients had a worse cardiovascular risk profile but
were more frequently females, younger, and showed lower
bleeding risk profile with better left ventricular ejection frac-
tion (LVEF) and renal function, a lower rate of anemia,
thrombocytoPgnia, and atrial fibrillation. Indeed, PRECISE
DAPT score™ for the bleeding risk was significantly higher
in normal-weight patients compared with the other groups.

At median follow-up time of 12.6 months (interquartile
range 11.7 to 12.3) NACE rate was more frequently observed
in normal-weight than in overweight and obese patients
(respectively, 15.1% vs 8.6% vs 9.6, p=0.004), as well as
MACCE rate (13.7% vs 7.1% vs 9.2%, p=0.003), both
mainly driven by a significantly higher rate of all-cause
death in normal-weight patients compared with other groups
(6.3% vs 2.6% vs 3.8%, p=0.008) (Table 2). Cardiovascular
death rate was significantly higher in normal-weight patients
compared with the other groups, and mainly driven by sudden
arrhythmic death and end-stage chronic HF, whereas no dif-
ferences were noted in terms of MI, stroke, major bleeding or
repeat revascularization Figure 1 shows the Kaplan-Meier
curves at 1-year follow-up for NACE. The unadjusted corre-
lation between BMI and NACE is shown in Figure 2. After
adjusting for confounding variables by multivariable Cox
regression model, BMI loses its significance in predicting
NACE whereas LVEF <40%, PRECISE-DAPT score, and
hypertension, remained independent predictors of NACE.

Discussion

The main findings of our study can be summarized as
follows: (1) in consecutive ACS patients a significantly
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Table 1
Baseline, treatment and procedural characteristics
Variable Body mass index (Kg/m?) p Value
Total <25 >25 <30 >30
(n=1,209) (n=410) (n=538) (n=261)

Body mass index (Kg/m?; median [IQR]) 26.4[24.2 —29.4] 23.4[22 —24.2] 27.1[26 —28.4] 32.7[31 — 34.4] <0.001
Age (years, median [IQR]) 66 [57.5 —75] 68.5 [60 — 77] 66 [58 — 75] 64 [54 — 72.5] <0.001
Male 878 (72.6%) 279 (68.0%) 421 (78.3%) 178 (68.2%) <0.001
Arterial hypertension 880 (72.8%) 284 (69.3%) 390 (72.5%) 206 (78.9%) 0.023
Smoker 605 (50.0%) 206 (50.2%) 265 (49.3%) 134 (51.3%) 0.854
Diabetes mellitus 326 (27.0%) 88 (21.5%) 144 (26.8%) 94 (36.0%) <0.001
Insulin treatment 31 (2.6%) 7 (1.7%) 14 (2.6%) 10 (3.8%) 0.263
Hyperlipidaemia* 653 (54.0%) 196 (47.8%) 307 (57.1%) 150 (57.5%) 0.008
Chronic kidney disease 199 (16.5%) 107 (26.1%) 72 (13.4%) 20 (7.7%) <0.001

(estimated Glomerular filtration rate <50 ml/min)
Family history of coronary artery disease 366 (30.3%) 118 (28.8%) 162 (30.1%) 86 (33.0%) 0.515
Previous myocardial infarction 229 (18.9%) 77 (18.8%) 95 (17.7%) 57 (21.8%) 0.366
Previous percutaneous coronary intervention (PCI) 236 (10.5%) 73 (17.8%) 105 (19.5%) 58 (22.2%) 0.371
Previous major bleeding 22 (1.8%) 12 (2.9%) 6 (1.1%) 4 (1.5%) 0.109
Previous minor bleeding 7 (0.6%) 1(0.2%) 3 (0.6%) 3(1.1%) 0.320
Previous transient ischemic attack 34 (2.8%) 15 (3.7%) 11 (2.0%) 8 (3.1%) 0.317
Previous ischemic stroke 42 (3.5%) 22 (5.4%) 12 (2.2%) 8 (3.1%) 0.030
Peripheral artery disease 90 (7.4%) 25 (6.1%) 35 (6.5%) 30 (11.5%) 0.042
Carotid stenosis 271 (22.4%) 82 (20.0%) 123 (22.9%) 66 (25.3%) 0.415
Multivessel coronary artery disease 145 (12.0%) 49 (12.0%) 62 (11.5%) 34 (13.0%) 0.165
Left ventricular ejection fraction 49 [42 — 55] 48 [40 — 54.8] 50 [44 — 55%] 48 [43 — 54] 0.062
Left ventricular ejection fraction <40% 181 (15.0%) 81 (19.8%) 67 (12.5%) 33 (12.6%) 0.004
Chronic heart failure 25 (2.1%) 10 (2.4%) 9 (1.7%) 6 (2.3%) 0.107
Conditions requiring oral anticoagulation therapy
Atrial fibrillation 113 (9.3%) 51 (12.4%) 43 (8.0%) 19 (7.3%) 0.029
Nonvalvular atrial fibrillation 100 (8.3%) 46 (11.2%) 38 (7.1%) 16 (6.1%) 0.026
Valve prosthesis 8 (0.7%) 4 (1.0%) 4(0.7%) 0 (0%) 0.300
Pulmonary hypertension 3(0.2%) 1(0.2%) 2 (0.4%) 0 (0%) 0.615
Ventricular thrombosis 9 (0.7%) 4 (1.0%) 3 (0.6%) 2 (0.8%) 0.759
Venous thromboembolism 11 (0.9%) 5(1.2%) 5 (0.9%) 1(0.4%) 0.538
Anemia’ 222 (18.4%) 94 (22.9%) 88 (16.4%) 40 (15.3%) 0.013
hematocrit 41.4[37.8 —44.6] 40.5[36.8—435] 41.5[38.2—44.6] 42.6[39.2—-454] <0.001
Platelets <100.000 (mm?) 19 (1.6%) 8 (2.0%) 11 (2.0%) 0 (0%) 0.05
Creatinine 0.91[0.8 —1.1] 0.9[0.78 — 1.1] 0.91[0.8 —1.1] 0.9[0.79 — 1.1] 0.571
Creatinine clearance 80 [59 — 107] 65.5 [48 — 90] 83.5[64 — 104.3] 104 [77 — 137] <0.001
Clinical presentation

® Unstable angina patients 147 (12.2%) 45 (11.0%) 75 (13.9%) 27 (10.3%) 0.254

® NSTEMI patients 423 (35.0%) 147 (35.9%) 174 (32.3%) 102 (39.1%)

® STEMI patients 639 (52.9%) 218 (53.2%) 289 (53.7%) 132 (50.6%)
PRECISE DAPT Score 16 [6 — 28] 22 [12 — 34] 16 [7 —27] 10 [3 —20.5] <0.001
PRECISE DAPT score >25 381 (31.5%) 179 (43.7%) 152 (28.3%) 50 (19.2%) <0.001
Therapy for the index event
Medical therapy 168 (13.9%) 64 (15.6%) 74 (13.8%) 30 (11.5%) 0.321
Coronary bypass 25 (2.1%) 10 (2.4%) 13 (2.4%) 2 (0.8%) 0.248
PCI 1031 (85.3%) 347 (84.6%) 460 (85.5%) 224 (85.8%) 0.896

Stent use 978 (94.9%) 326 (93.9%) 444 (96.5%) 208 (92.9%) 0.080

Drug-eluting Stent 938 (91.0%) 310 (89.3%) 429 (93.3%) 199 (88.8%) 0.185

Multivessel PCI 111 (10.8%) 33(9.5%) 44 (9.6%) 34 (15.2%) 0.136
Therapy at discharge
Proton-pump inhibitors 1173 (97%) 398 (97.1%) 527 (98.0%) 248 (95.0%) 0.072
Acetylsalicylic acid 1185 (98.0%) 398 (97.1%) 533 (99.1%) 254 (97.3%) 0.061
Clopidogrel 369 (30.5%) 134 (32.7%) 162 (30.1%) 73 (28.0%) 0.417
Ticagrelor 623 (51.5%) 207 (50.5%) 276 (51.3%) 140 (53.6%) 0.721
Prasugrel 153 (12.7%) 41 (10.0%) 75 (13.9%) 37 (14.2%) 0.138
Oral anticoagulation 114 (9.4%) 49 (12.0%) 46 (8.6%) 19 (7.3%) 0.084

® New oral anticoagulants (OAT) 25 (2.1%) 11 (2.7%) 6 (1.1%) 8 (3.1%) 0.108
Dual antiplatelet therapy (DAPT) 1128 (93.3%) 375 (91.5%) 509 (94.6%) 244 (93.5%) 0.157
Triple therapy (DAPT+ OAT) 89 (7.4%) 34 (8.3%) 40 (7.4%) 15 (5.7%) 0.467

(continued)
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Table 1 (Continued)

Variable Body mass index (Kg/m?) p Value
Total <25 >25 <30 >30
(n=1,209) (n=410) (n=538) (n=261)
Angiotensin converting enzyme inhibitor/Sartans 795 (65.8%) 232 (56.6%) 370 (68.8%) 193 (73.9%) <0.001
Beta-blockers 829 (68.6%) 268 (65.4%) 375 (69.7%) 186 (71.3%) 0.207
Statins 1163 (96.2%) 392 (95.6%) 521 (96.8%) 250 (95.8%) 0.573
Proprotein convertase subtilisin/kexin type 9 inhibitors 9 (0.7%) 1(0.2%) 4 (0.7%) 4 (1.5%) 0.112

NSTEMI = non ST-elevation miocardial infarction; STEMI = ST-elevation myocardial infarction.
* Defined as total Cholesterol >240 mg/dl.
"Defined as hemoglobin <12.5 g/dl if men and <11.5 g/dl if women.

Table 2
One-year clinical outcomes
Variable Total Body mass index (Kg/m?) p Value
(n=1,209)
<25 >25 <30 >30
(n=410) (n=538) (n=261)
NACE 133 (11.0%) 62 (15.1%) 46 (8.6%) 25 (9.6%) 0.004
MACCE 118 (9.8%) 56 (13.7%) 38 (7.1%) 24 (9.2%) 0.003
® All cause death 84 (6.9%) 41 (10.0%) 26 (4.8%) 17 (6.5%) 0.008
® Cardiovascular death 50 (4.1%) 26 (6.3%) 14 (2.6%) 10 (3.8%) 0.016
® Myocardial Infarction 43 (3.6%) 19 (4.6%) 14 (2.6%) 10 (3.8%) 0.238
® Revascularization 22 (1.8%) 4 (1.0%) 13 (2.4%) 5(1.9%) 0.257
® Stroke 9(0.7%) 5(1.2%) 2 (0.4%) 2 (0.8%) 0.322
® Major bleeding 24 (2.0%) 9(2.2%) 11 (2.0%) 4 (1.5%) 0.828
Dual antiplatelet therapy at follow-up
Acetylsalicylic Acid at follow-up 1114 (92.1%) 376 (91.5%) 504 (93.7%) 235 (90%) 0.245
Clopidogrel at follow-up 270 (22.3%) 98 (23.9%) 116 (21.6%) 56 (21.5%) 0.579
Prasugrel at follow-up 74 (6.1%) 15 (3.7%) 36 (6.7%) 23 (8.8%) 0.044
Ticagrelor at follow-up 355 (29.4%) 117 (28.5%) 161 (29.9%) 77 (29. %5) 0.709
DAPT Duration 0.215
® Never done 74 (6.1%) 31 (7.6%) 28 (5.2%) 15 (5.8%)
® <30 days 19 (1.6%) 9 (2.2%) 7 (1.3%) 3(1.2%)
® >30-days <6 months 58 (4.8%) 29 (7.1%) 18 (3.3%) 11 (4.2%)
® >6 months <1-year 261 (21.7%) 85 (20.9%) 115 (21.4%) 61 (24.5%)
® | year 731 (60.7%) 232 (57.0%) 342 (63.6%) 157 (60.4%)
® > year 62 (5.1%) 21 (5.2%) 28 (5.2%) 13 (5.0%)
DAPT >1 year 793 (65.8%) 253 (62.2%) 370 (68.8%) 170 (65.4%) 0.075

NACE =net adverse clinical end points, defined as a composite of all-cause death, myocardial infarction, stroke, and major bleeding events.
MACCE = major adverse cardiac and cerebral events, defined as a composite of all-cause death, myocardial infarction, and stroke.
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Figure 1. Kaplan-Meier curves at 2-years follow-up showing the incidence Figure 2. Cox proportional hazards regression (95% CI, shaded area) with
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higher rate of NACE and MACE was observed in normal-
weight compared with overweight and obese patients,
mainly driven by a higher rate of all-cause and cardiovascu-
lar death; (2) when correcting for confounding variables,
BMI loses its power in independently predicting outcomes,
failing to confirm the obesity paradox in a real-world
ACS population.

In the general population, obesity is associated with a
higher frequency of cardiovascular risk factors and
increased mortality.” Nevertheless, once CAD has been
established a protective role of obesity on mortality has
been described, but the potential mechanisms under]yin%
this phenomenon remain controversial. A large registry
including ACS patients, provided data in favor of the obe-
sity paradox concept. However, authors were not able to
provide an evident exglanation for this paradox. A large
individual metanalysis” confirmed the obesity paradox in
ACS patients and also showed that obese categories were
associated with a significantly lower risk of bleeding and
refractory ischemia. In partial agreement with previous
studies, our analysis shows a lower rate of fatality in over-
weight and obese patients. However, our results do not sup-
port the obesity paradox, questioning the role of BMI as an
independent predictor of outcomes in real-world ACS
patients. For the first time, our study prospectively investi-
gates the impact of BMI on both ischemic and bleeding
events in ACS patients offering further insights into this
controversial phenomenon. We can speculate that the obe-
sity paradox may be a consequence of several confounders
present in the obese population. Indeed, when correcting
for potential confounding factors, BMI loses its significance
as predictor of NACE. As previously reported, we found in
overweight and obese patients a higher prevalence of car-
diovascular risk factors that together with their younger age
suggest for an earlier acute presentation of atherosclerotic
disease, potentially due to a more aggressive disease pheno-
type. This high ischemic risk was accompanied by a low
bleeding risk as expressed by their younger age and a lower
rate of anemia, chronic renal failure, thrombocytopenia,
and conditions requiring oral anticoagulation therapy.
Accordingly, the PRECISE DAPT score was significantly
lower in overweight and obese patients in our population.
This was followed by a significantly higher use of new
more potent P2Y12 inhibitors in the obese group, and a
numerically (albeit not statistically significant) higher rate
of prolonged DAPT over | year in overweight and obese
patients, potentially resulting in a more pronounced platelet
inhibition in these patients that are deemed to have
enhanced platelet reactivity and altered response to anti-
platelet agents.”> Of note, this was also complemented
by more aggressive use of antihypertensive and antire-
modeling medications, with a significantly higher pre-
scription of ACE inhibitors or sartans. These factors
potentially translated in a more efficient ischemic pro-
tection, without any increase of major bleeding occur-
rence. This is in line with a recent study”" showing that
patients without high bleeding risk features are those
who benefit most of a prolonged DAPT, and that the
ischemic protection offered by long-term DAPT tends to
be greater in high ischemic risk patients such as those
presenting with ACS.

Another explanation for the reduced mortality is in the
lower rate of LV dysfunction in obese categories. In ACS
patients, severe LVEF reduction at admission is a strong
independent predictor mortality and MACE.” " Indeed,
patients with poor LV function are less able to tolerate
hemodynamic instability and are more likely to experience
progressive HF, arrhythmic deaths, and major bleeding
after PCIL.”” It had been supposed that obesity might protect
against malignant arrhythmias. However, according to our
results, the obesity protection against sudden arrhythmic
death is more likely to be related with the better LV func-
tion rather than having its own protective effect.

Unfortunately, underweight patients (BMI <18.5 Kg/m?)
had a low prevalence in our study (7 patients, 0.6%) and
were analyzed together with normal-weight patients. Thus,
no conclusions can be drawn for this subgroup. Under-
weight patients are at increased risk of both spontaneous
and periprocedural bleeding during PCI.***’ Underweight
is associated with malnutrition, cachexia, depression, and
advanced age.’” The higher frailty of these patients might
be a consequence of less aggressive pharmacological treat-
ment with lower ischemic protection and subsequent
increased cardiovascular mortality. Moreover, the potential
effect of malnutrition and cachexia on all-cause mortality
should also be considered. This is in line with a recent
study”' showing that in consecutive ACS patients, cardiac
mortality was similar across BMI subgroups while noncar-
diac mortality was significantly higher in low BMI patients
(<20 Kg/m?) compared with other groups after adjustment
for confounders.

This is a substudy of the START ANTIPLATELET reg-
istry. The observational design of the study limits our con-
clusions. BMI was calculated during the index event but
was not reassessed during the follow-up. Our registry
enrolled consecutive ACS patients presenting in 2 fixed
days per week. This selection criterion might be the cause
of a higher rate of ST-elevation myocardial infarction com-
pared with NSTE-ACS and a low rate of multivessel dis-
ease, and then of the relatively lower events rate than
expected in a real-world ACS population. The extension of
CAD was assessed based on the presence of single-vessel
versus multivessel disease at coronary angiography.
Although a more detailed evaluation of coronary lesions
complexity (as by using the SYNTAX score) would have
been of value for a more accurate definition of patients’
ischemic risk, these data were not available in our dataset.
Our analysis does not take into account the difference
between peripheral versus abdominal obesity or waist cir-
cumference. Although the use of radial rather the femoral
access is associated with a significant reduction in major
bleeding complications,””* our database did not provide
information on the access site used, which would have
added important data to our analysis. Bleeding risk was
only assessed by the PRECISE-DAPT score, while addi-
tional bleeding risk scores (such as CRUSADE, ACUITY
or HAS-BLED) were not calculated for the absence of
required data in the study dataset.

In conclusion, our study conflicts the obesity paradox in
real-world ACS population, not confirming an independent
association between BMI and adverse outcomes after con-
founders adjustment. Our results suggest that the better
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outcomes in obese patients may be related to a more favor-
able clinical profile (rather than the BMI per se) that

may confer protection against adverse events,

and

prompt the treating physicians toward a more aggressive
secondary prevention treatment, including a more intense
and prolonged antiplatelet therapy.
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