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BACKGROUND
Overweight and obesity have become worldwide pu-
blic health issues. According to the World Health Or-
ganization (WHO) estimates, 30% to 70% of both men 
and women in Europe are overweight and 10% to 30% 
are obese1. Large epidemiological studies have linked 
increased BMI with increased risk of cardiovascular 

diseases,2 including acute ST-segment elevation myo-
cardial infarction (MI) (STEMI)3. In addition, long-term 
studies provided evidence that obesity is associated 
with increased mortality in the general population4. 
However, a paradoxical trend has been described in 
patients with already established cardiac disease5, indi-
cating that obese patients with heart failure may actu-
ally have improved prognosis6. This feature, known as 
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Abstract: Objectives – The impact of obesity in patients with ST-segment elevation myocardial infarction (STEMI) re-
mains controversial. We sought to investigate the impact of body mass index (BMI) on various key features of STEMI patients. 
Methods – A total of 322 STEMI patients were retrospectively evaluated. Demographic, clinical, hemodynamic, electrocardi-
ographic, and laboratory data at presentation, angiographic data and percutaneous coronary intervention-related complicati-
ons, and parameters characterizing the in-hospital evolution of STEMI patients were stratifi ed by BMI values. Results – Over 
three quarters (76.7%) of STEMI patients were overweight or obese. Obese patients were more often hypertensives and 
diabetics (both p<0.001), presented more often hypertriglyceridemia (p<0.001), but were less likely to be active smokers 
(p=0.02). Increased BMI did not infl uence in-hospital mortality rates or STEMI-related complications. However, obese pati-
ents presented signifi cantly lower sum of ST-segment elevation (p<0.01) and maximum ST-segment elevation (p=0.03), and 
were less likely to present anterior STEMI. Conclusions – Obese patients displayed lower maximum ST-segment elevation 
and sum of ST-segment elevation, and were less likely to present anterior STEMI. These features may act to compensate the 
intrinsic obesity-related cardiovascular risk of these patients, explaining the lack of increased mortality in this group.
Keywords: ST-segment elevation myocardial infarction; body mass index; obesity paradox

Rezumat: Obiective – Impactul obezităţii asupra pacienţilor cu infarct miocardic cu supradenivelare de segment ST 
(STEMI) rămâne controversat. Ne-am propus să evaluăm impactul indicelui de masă corporală (IMC) asupra unor caracte-
ristici cheie ale pacienţilor cu STEMI. Metode – Un total de 322 de pacienţi cu STEMI au fost evaluaţi retrospectiv. Datele 
demografi ce, clinice, hemodinamice, electrocardiografi ce şi de laborator la prezentare, datele angiografi ce şi cele legate de 
complicaţiile angioplastiei coronariene şi diferiţi parametri ce caracterizează evoluţia intraspitalicească a pacienţilor cu STEMI 
au fost stratifi caţi pe baza IMC. Rezultate – Peste trei sferturi (76,7%) din pacienţii cu STEMI au fost supraponderali sau 
obezi. Pacienţii obezi au fost mai frecvent hipertensivi şi diabetici (p<0,001), cu hipertrigliceridemie (p<0,001), dar mai puţin 
fumători activi (p=0,02). IMC nu a infl uenţat mortalitatea sau alte complicaţii legate de STEMI. Pacienţii obezi au prezentat 
însă valori mai mici ale sumei supradenivelării (p<0,01) şi ale supradenivelării maxime de segment ST (p=0,03) şi au prezentat 
mai rar STEMI anterior. Concluzii – Pacienţii obezi au prezentat supradenivelare maximă şi suma supradenivelării de seg-
ment ST mai mici şi s-au prezentat mai rar cu STEMI anterior. Aceste caracteristici ar putea compensa riscul cardiovascular 
intrinsec legat de obezitate, explicând lipsa unor rate crescute de mortalitate la aceşti pacienţi.
Cuvinte cheie: infarct miocardic cu supradenivelare de segment ST, indice de masă  corporală , paradoxul obezităţii



Razvan Constantin Serban et al.
Obesity in STEMI patients

Romanian Journal of Cardiology
Vol. 26, No. 2, 2016

134

the obesity paradox, has also been reported in several 
other settings, including in patients with acute coro-
nary syndromes7,8. Taken together, these data suggest 
that, whereas obesity is a major risk factor for coro-
nary artery disease (CAD), once CAD is established in 
these patients, being overweight or obese may actually 
be protective against cardiovascular mortality.

Nevertheless, there is no broad consensus concer-
ning the obesity paradox, as a number of studies were 
unable to support this hypothesis9-11. Furthermore, in 
the vast majority of studies that support the obesity 
paradox, BMI did not remain an independent predictor 
of survival in multivariate analysis, but the improved 
outcomes seen in obese patients were related to their 
younger age or better kidney function12. Thus, the obe-
sity-prognosis relationship in STEMI patients remains 
controversial. Additionally, while most studies focused 
on the link between obesity and short- or long-term 
prognosis in CAD patients, the way in which the BMI 
infl uences the presentation and the features of MI in 
STEMI patients has not been approached extensively. 
In the present study, we examined the association 
between BMI and a number of key clinical, hemodyna-
mic, ECG, angiographic, and prognosis data in STEMI 
patients.

MATERIALS AND METHODS

Study population
Consecutive patients that benefi ciated of primary 
percutaneous coronary intervention (PCI) for STEMI 
in our center between January 2011 and December 
2013 were included in this analysis. The research pro-
tocol complied with the Declaration of Helsinki and 
was approved by the local Ethics Committee. Eligibi-
lity criteria required patients to be aged 18 years or 
older, have spontaneous (type I) STEMI according to 
the Third universal defi nition of myocardial infarcti-
on guideline of the European Society of Cardiology 
(ESC)13, and benefi ciate of primary PCI for STEMI wi-
thin the fi rst 12h after symptoms onset or 12h to 24h 
after symptoms onset if they presented evidence of 
ongoing ischemia. Patients were excluded from the 
study if thrombolytic treatment was administered pri-
or to PCI, if they presented left bundle branch block 
or paced rhythm, making it diffi cult to assess STEMI-
related ECG parameters, or if they have had a history 
of coronary artery by-pass surgery. Medical treatment 
of all patients included in the present study complied 
with the ESC guidelines on the management of acute 
STEMI.

Body mass index
Body mass index values were calculated based on pa-
tients’ weight and height at admission, as recorded in 
the medical fi les. For the analysis, patients were classi-
fi ed into four groups, according to the WHO recom-
mendations14: underweight (BMI <18.50 kg/m2), nor-
mal weight (BMI: 18.5-24.9 kg/m2), overweight (BMI: 
25.0-29.9 kg/m2), and obese (BMI ≥30.0 kg/m2).

Clinical evaluation and outcomes
For every patient included in the study, the age, gen-
der, medical (smoking status, arterial hypertension, di-
abetes mellitus, heart failure, chronic kidney disease, 
previous MI) and treatment (beta-blockers, calcium 
channel blockers, antiarrhythmics, antialdosteronics, 
angiotensin converting enzyme inhibitors and/or an-
giotensin II receptor blockers, statins) history were 
recorded. Clinical (presence of angina and Killip class), 
hemodynamic (systolic, diastolic, and mean blood pre-
ssure, heart rate, and left ventricular ejection fraction), 
ECG (number of ECG leads with ST-segment eleva-
tion, maximum ST-segment elevation, sum of ST-seg-
ment elevation, ECG localization of STEMI, presence 
of rhythm or conduction disorders), and blood para-
meters (complete blood count, glycaemia, lipid profi le, 
myocardial enzymes, creatinine) at hospital admission 
were also assessed. Chronic kidney disease was defi -
ned as an estimated glomerular fi ltration rate <60 ml/
min/1.73 m2 using the Cockroft-Gault equation. Left 
ventricular ejection fraction was determined by echo-
cardiography at hospital admission. Rhythm disorders 
included atrial and ventricular extrasystoles, tachycar-
dia and/or fi brillation, and various combinations of the-

Figure 1. Mean body mass index values in patients presenting with ante-
rior ST-segment elevation myocardial infarction (STEMI; n=135) and non-
anterior STEMI (n=187). Data are expressed as means ± SD. The p-value 
refers to between-group comparison using the Mann-Whitney U test.
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comparison of categorical data and one-way analysis of 
variance (ANOVA) or Kruskal-Wallis test (non-para-
metric ANOVA) were applied for comparison of con-
tinuous variables between the predefi ned BMI groups. 
Correlations between BMI and clinical, hemodynamic, 
ECG, laboratory, and angiographic data were ascertai-
ned using Spearman’s rank correlation test. Stepwise 
multiple regression analysis was used to identify inde-
pendent predictors of clinical and angiographic com-
plications. Statistical adjustment included demographic 
and clinical factors that differed in prevalence between 
the predefi ned BMI groups. Receiver operating charac-
teristics (ROC) analysis was used to identify BMI cutoff 
values and BMI sensitivity and specifi city for predicting 
various complications. All tests were two-sided and a 
p-value of less than 0.05 was considered statistically 
signifi cant. All data were computed using MedCalc for 
Windows, version 12.4.3.0 (MedCalc Software, Os-
tend, Belgium).

RESULTS

Baseline characteristics
A total of 428 patients were initially screened for 
inclusion in the study. Patients for whom BMI data 
(n=102) were not available were excluded from the 
study. Only 4 patients (1.2% of the cohort study) were 
underweight. Because of the small number of patients 
falling in this latter category, which would have led to 
limited statistical power in this group, all analyses were 
restricted to normal weight, overweight, and obese pa-
tients. This left a total of 322 patients eligible for the 
analyses (68% males), with a mean age of 62.4 ± 11.5 

se rhythm disorders. Conduction disorders included 
atrioventricular blocks, right bundle branch block, and 
various combinations of these cardiac conduction di-
sorders.

Angiographic data (pre- and post-PCI Thrombolysis 
in Myocardial Infarction (TIMI) fl ow, number of di-
seased vessels, left main disease, and chronic total 
occlusion) and PCI-related complications (iatroge-
nic coronary artery dissection, coronary perforation, 
angiographic no-refl ow, angiographically visible distal 
embolization, and acute intra-PCI occlusion) were also 
recorded. Additionally, traditional clinical (Primary An-
gioplasty in Myocardial Infarction (PAMI), Global Registry 
of Acute Coronary Events (GRACE), modifi ed Age, Creati-
nine, and Ejection Fraction (ACEFm)), angiographic (SY-
Nergy between PCI with TAXUS™ and Cardiac Surgery 
(SYNTAX)) and combined (clinical SYNTAX) risk sco-
res, previously validated in STEMI patients, were also 
evaluated.

A number of parameters that characterize the in-ho-
spital evolution of STEMI patients were also assessed 
- reinfarction, cardiogenic shock, heart failure, asystole, 
conduction disorders, emergency cardiac pacing, cardi-
ac arrhythmias, sudden cardiac death, kidney and liver 
dysfunction, echocardiographic left ventricular ejecti-
on fraction at discharge, length of hospital stay, and 
all-cause mortality.

Statistics
Continuous variables are presented as mean values ± 
standard deviation or median and range, as appropri-
ate. Categorical data are summarized using frequenci-
es and percentages. The Chi-square test was used for 

Table 1. Baseline characteristics according to the predefi ned body mass index groups.*
Parameter Total (n=322) Normal weight (n=75) Overweight (n=147) Obese (n=100) p-value

Age (years) 62.4 ± 11.5 64.2 ± 13.4 62.7 ± 10.6 60.7 ± 11.1 0.12
Male gender 219 (68.0%) 57 (76.0%) 94 (63.9%) 68 (68.0%) 0.19
Active smokers 127 (39.4%) 38 (50.7%) 56 (38.1%) 33 (33.0%) 0.05
Arterial hypertension 235 (72.9%) 41 (54.7%) 111 (75.5%) 83 (83.0%) <0.001
Diabetes mellitus 90 (27.9%) 6 (8.0%) 35 (23.8%) 49 (49.0%) <0.001
Heart failure 40 (12.4%) 5 (6.7%) 21 (14.3%) 14 (14.0%) 0.23
Chronic kidney disease 41 (12.7%) 10 (13.3%) 14 (9.5%) 17 (17.0%) 0.22
Previous MI 29 (9.0%) 2 (2.7%) 15 (10.2%) 12 (12.0%) 0.08
Beta-blockers usage 67 (20.8%) 10 (13.3%) 35 (23.8%) 22 (22.0%) 0.18
Calcium channel blockers usage 26 (8.1%) 4 (5.3%) 14 (9.5%) 8 (8.0%) 0.56
Antiarrhythmics usage 6 (1.9%) 1 (1.3%) 1 (0.7%) 4 (4.0%) 0.15
Antialdosteronics usage 12 (3.7%) 3 (4.0%) 5 (3.4%) 4 (4.0%) 0.96
ACEI/ARB usage 94 (2.2%) 14 (18.7%) 48 (32.7%) 32 (32.0%) 0.07
Statins usage 27 (8.4%) 5 (6.7%) 13 (8.8%) 9 (9.0%) 0.83
* Normal weight (BMI 18.5-24.9 kg/m2), overweight (BMI 25.0-29.9 kg/m2), obese (BMI ≥30.0 kg/m2). Chronic kidney disease was defi ned as an estimated glomerular fi ltration rate <60 ml/min/1.73 m2 
according to the Cockroft-Gault equation.
Quantitative data are expressed as mean ± standard deviation. Categorical data are expressed as number (percentage). p-values refer to comparisons between groups based on one-way analysis of vari-
ance (ANOVA) for continuous variables and Chi-square test for categorical variables.
MI – myocardial infarction; ACEI – angiotensin converting enzyme inhibitors; ARB – angiotensin II receptor blockers.
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Department are listed in Table 2. Unsurprisingly, pati-
ents with higher BMI values also presented higher gly-
cemic levels (p=0.02), higher triglycerides (p<0.001), 
and higher glomerular fi ltration rate (p<0.001) than 
patients with lower BMIs. In the same vein, BMI va-
lues signifi cantly positively correlated with systolic 
(r=0.15, p<0.01), diastolic (r=0.16, p<0.01), and mean 
(r=0.17, p<0.01) blood pressure, and with the heart 
rate (r=0.13, p=0.02), as well as with glycemic (r=0.18, 
p<0.001), total cholesterol (r=0.18, p<0.01), triglyceri-
des (r=0.34, p<0.001) levels, and with the glomerular 
fi ltration rate (r=0.38, p<0.001).

A signifi cant negative correlation was observed 
between BMI values and the occurrence of anterior 
STEMI (r=-0.15, p<0.01). Mean BMI was signifi cantly 
lower (p<0.01) in patients presenting with anterior 
STEMI (27.7±4.3 kg/m2) than in patients presenting 
with non-anterior STEMI (29.0±4.7 kg/m2) (Fig. 1). 
Additionally, the sum of ST-segment elevation was sig-

years. The mean BMI in the total population was 28.5 ± 
4.6 kg/m2. According to the predefi ned BMI categories, 
75 (23.3%) patients had normal weight, 147 (45.7%) 
were overweight, and 100 (31.0%) were obese.

The baseline characteristics of the predefi ned BMI 
groups are listed in Table 1. Unsurprisingly, obese pa-
tients were more often hypertensives and diabetics 
(both p<0.001). Obese patients also tended to be yo-
unger (p=0.05), were less likely to be active smokers 
(p=0.02), and were more likely to have experienced 
a previous MI (p=0.03) than normal weight patients. 
Meanwhile, patients’ gender and medical history, in-
cluding heart failure and chronic kidney disease, were 
not signifi cantly different among the three groups (all 
p>0.05).

Clinical, hemodynamic, electrocardiographic, 
and laboratory data at presentation
Clinical, hemodynamic, ECG, and laboratory data of 
the studied groups at presentation to the Emergency 

Table 2. Clinical, hemodynamic, electrocardiographic, and laboratory data of the predefi ned body mass index groups.*

Parameter Total (n=322) Normal weight 
(n=75)

Overweight 
(n=147) Obese (n=100) p-value

Clinical parameters
Angina 304 (94.4%) 70 (93.3%) 139 (94.6%) 95 (95.0%) 0.89
Killip class ≥2 47 (14.6%) 7 (9.3%) 23 (15.6%) 17 (17.0%) 0.32
Hemodynamic parameters
SBP (mmHg) 132.2 ± 26.0 125.3 ± 21.6 133.0 ± 27.2 136.3 ± 26.6 0.03
DBP (mmHg) 79.5 ± 14.6 76.7 ± 13.1 79.4 ± 13.9 81.7 ± 16.2 0.06
MBP (mmHg) 97.2 ± 17.2 93.0 ± 15.0 97.4 ± 16.9 99.9 ± 18.6 0.03
HR (bpm) 76.7 ± 19.2 75.4 ± 18.8 75.6 ± 19.9 79.1 ± 18.2 0.05
LVEF (%) 42.7 ± 7.9 43.6 ± 8.2 42.5 ± 8.1 42.5 ± 7.7 0.97
ECG parameters
Number of leads with ST-segment elevation 3 (1-10) 4 (1-8) 3 (1-9) 3 (2-10) 0.16
Maximum ST-segment elevation (mm) 3 (0.5-12.0) 4 (1-12) 3 (0.5-10) 2.5 (1-11) 0.06
Sum of ST-segment elevation (mm) 8 (0.5-39.5) 9 (1-32) 9 (0.5-39.5) 6 (1.5-34) <0.01
Anterior STEMI 135 (41.9%) 40 (53.3%) 65 (44.2%) 30 (30.0%) <0.01
Rhythm disorders 42 (13.0%) 7 (9.3%) 21 (14.3%) 14 (14.0%) 0.61
Conduction disorders 63 (19.6%) 14 (18.7%) 32 (21.8%) 17 (17.0%) 0.63 
Laboratory parameters
Hb (g/dl) 14.1 ± 1.7 13.9 ± 2.0 14.1 ± 1.6 14.2 ± 1.7 0.41
Ht (%) 42.6 ± 4.7 41.9 ± 5.3 42.6 ± 4.3 42.9 ± 4.8 0.24
WBC (*103/mm3) 11.6 ± 3.6 11.9 ± 3.9 11.4 ± 3.7 11.7 ± 3.2 0.52
PLT (*103/mm3) 239.3 ± 67.6 228.7 ± 62.1 244.7 ± 73.6 239.2 ± 61.5 0.46
Glycemia (mg/dl) 168.9 ± 83.3 156.3 ± 62.4 158.7 ± 72.7 193.5 ± 104.4 0.02
Total cholesterol (mg/dl) 178.9 ± 50.7 170.7 ± 45.6 179.5 ± 56.1 183.8 ± 45.9 0.20
Triglycerides (mg/dl) 158.5 ± 100.9 126.6 ± 69.6 138.9 ± 70.2 206.5 ± 132.4 <0.001
Troponin I (ng/dl) 2.0 ± 4.2 3.7 ± 6.3 1.2 ± 1.9 2.3 ± 4.9 0.22
CK (UI/l) 658.3 ± 1168.5 752.5 ± 1427.9 651.5 ± 1106.4 586.8 ± 1002.2 0.35
AST (UI/l) 71.7 ± 90.1 80.6 ± 109.0 67.2 ± 89.6 68.9 ± 71.1 0.38
Glomerular fi ltration rate (ml/min/1.73 m2) 86.8 ± 34.7 70.1 ± 29.6 85.4 ± 30.1 101.3 ± 38.5 <0.001
*Normal weight (BMI 18.5-24.9 kg/m2), overweight (BMI 25.0-29.9 kg/m2), obese (BMI ≥30.0 kg/m2). Rhythm disorders included atrial and ventricular extrasystoles, atrial and ventricular tachycardia and/
or fi brillation, and various combinations of these rhythm disorders. Conduction disorders included atrioventricular blocks, right bundle branch block, and various combinations of these cardiac conduc-
tion disorders. Glomerular fi ltration rate was calculated using the Cockroft-Gault equation.
Quantitative data are expressed as mean ± standard deviation or median (interquartile range), as appropriate. Categorical data are expressed as number (percentage). p-values refer to comparisons 
between groups based on one-way analysis of variance (ANOVA) for continuous variables and Chi-square test for categorical variables.
SBP – systolic blood pressure; DBP – diastolic blood pressure; MBP – mean blood pressure; HR – heart rate; LVEF – left ventricular ejection fraction; STEMI – ST-segment elevation myocardial infarction; 
Hb – hemoglobin; Ht – hematocrit; WBC – white blood cells; PLT – platelets; CK – creatin-kinase; AST – aspartate aminotransferase.
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fi cant. However, in multiple regression analysis, lower 
BMI remained an independent predictor of anterior 
STEMI (r=-0.16, p=0.04). ROC analysis identifi ed a BMI 
≤26.26 kg/m2 as a strong predictor of anterior STEMI 
(OR 1.78, 95%CI 1.13-2.79, p=0.01), with a sensitivity 
of 49.6% and a specifi city of 68.2%.

Angiographic data and percutaneous coronary 
intervention-related complications
As showed in Table 3, there was no signifi cant diffe-
rence between the three BMI groups for any of the 
angiographic parameters or PCI-related complications. 
However, patients presenting chronic total occlusion 
tended to have higher BMI values compared to tho-
se without (30.4±5.5 kg/m2 versus 28.4±4.5 kg/m2, 
p=0.07).

Clinical, angiographic, and combined risk 
scores
Clinical, angiographic, and combined risk scores in the 
studied groups are listed in Table 4. There were not 
signifi cant differences between the three BMI groups 
concerning any of the studied scores (all p>0.05).

nifi cantly different among the three groups (p<0.01). 
Compared to obese patients, normal weight patients 
presented signifi cantly higher sum of ST-segment ele-
vation (p<0.01) and higher maximum ST-segment ele-
vation (p=0.03). When all patients were considered 
together, BMI values signifi cantly negatively correlated 
with maximum ST-segment elevation (r=-0.14, p=0.01), 
as well as with the sum of ST-segment elevation (r=-
0.16, p<0.01). However, when maximum ST-segment 
elevation and the sum of ST-segment elevation were 
compared between patients with anterior versus 
non-anterior STEMI, the former group presented sig-
nifi cantly higher values for both parameters: 4.0 mm 
(1.0-12.0 mm) versus 2.5 mm (0.5-8.5 mm) for ma-
ximum ST-segment elevation (p<0.001); 8.0 mm (1.5-
39.5 mm) versus 6.25 mm (0.5-34 mm) for the sum of 
ST-segment elevation (p=0.01).

After adjusting for hypertension, diabetes mellitus, 
blood pressure, glycaemia and triglycerides levels, the 
association between BMI and ST-segment elevation and 
the sum of ST-segment elevation was no longer signi-

Table 3. Angiographic parameters and percutaneous coronary intervention-related complications in the predefi ned 
body mass index groups.*

Parameter Total (n=322) Normal weight 
(n=75)

Overweight 
(n=147) Obese (n=100) p-value

Angiographic data
Pre-PCI TIMI score 0 (0-3) 0 (0-3) 0 (0-3) 0 (0-3) 0.14
Post-PCI TIMI score 3 (0-3) 3 (0-3) 3 (1-3) 3 (0-3) 0.12
Number of diseased vessels 2 (1-3) 2 (1-3) 2 (1-3) 2 (1-3) 0.84
Left main disease 16 (4.9%) 3 (4.0 %) 4 (2.7%) 9 (9.0%) 0.08
Chronic total occlusion 20 (6.1%) 3 (4.0%) 8 (5.4%) 9 (9.0%) 0.35
PCI-related complications
Coronary artery dissection 20 (6.1%) 4 (5.3%) 10 (6.8%) 6 (6.0%) 0.91
Coronary perforation 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) -
Angiographic no-refl ow 81 (24.8%) 22 (29.3%) 38 (25.9%) 20 (20.0%) 0.34
Distal embolization 52 (15.9%) 11 (14.7%) 27 (18.4%) 14 (14.0%) 0.61
Acute intra-PCI occlusion 6 (1.8%) 2 (2.7%) 3 (2.0%) 1 (1.0%) 0.71
*Normal weight (BMI 18.5-24.9 kg/m2), overweight (BMI 25.0-29.9 kg/m2), obese (BMI ≥30.0 kg/m2).
Quantitative data are expressed as median (interquartile range). Categorical data are expressed as number (percentage). p-values refer to comparisons between groups based on one-way analysis of vari-
ance (ANOVA) for continuous variables and Chi-square test for categorical variables.
PCI – percutaneous coronary intervention; TIMI – Thrombolysis in Myocardial Infarction.

Table 4. Clinical, angiographic, and combined risk scores in the predefi ned body mass index groups.*

Risk scores Total (n=322) Normal weight (n=75) Overweight 
(n=147) Obese (n=100) p-value

Clinical SYNTAX 31.5 ± 24.2 30.5 ± 20.6 30.5 ± 23.7 33.5 ± 27.2 0.99
Angiographic SYNTAX 19.2 ± 10.2 19.8 ± 11.1 18.5 ± 8.7 19.7 ± 11.4 0.86
PAMI 3 (0-15) 4 (0-9) 0 (3-15) 3 (0-13) 0.58
GRACE 142 (68-269) 148 (68-269) 141 (86-260) 140 (74-259) 0.47
ACEFm 1.6 ± 0.6 1.5 ± 0.5 1.6 ± 0.5 1.6 ± 0.6 0.95
*Normal weight (BMI 18.5-24.9 kg/m2), overweight (BMI 25.0-29.9 kg/m2), obese (BMI ≥30.0 kg/m2). The angiographic SYNTAX score was calculated using the 2.11 version of the online score calculator 
(http://www.syntaxscore.com/calc/syntaxscore/frameset.html). The clinical SYNTAX score was obtained by multiplying the angiographic SYNTAX with the ACEFm score.15 The GRACE score for in-hospi-
tal death was calculated using the online calculator (http://www.outcomes-umassmed.org/grace/acs_risk/acs_risk_content.html). The PAMI and ACEFm scores were calculated as described previously.15,16

Data are expressed as mean ± standard deviation or median (interquartile range), as appropriate. p-values refer to comparisons between groups based on one-way analysis of variance (ANOVA).
SYNTAX - SYNergy between PCI with TAXUS™ and Cardiac Surgery; PAMI - Primary Angioplasty in Myocardial Infarction; GRACE - Global Registry of Acute Coronary Events; ACEFm - modifi ed Age, 
Creatinine, and Ejection Fraction.
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represented more than three quarters of patients be-
nefi ciating of primary PCI for STEMI, and that obese 
patients were more likely to have experienced a pre-
vious MI. Also it is not surprising that patients with 
higher BMIs were more likely to be hypertensives and 
diabetics, and tended to be younger than their normal 
weight counterparts. However, contrary to previous 
studies, complete occlusions were not more common 
in patients with higher BMIs20, and also there was no 
signifi cant difference in the burden of coronary athe-
rosclerosis, as quantifi ed by the angiographic SYNTAX 
score.

Despite the strong association between obesity and 
cardiovascular risk in the general population, a multi-
tude of studies suggested that, similarly to what has 
been observed in patients with heart failure or end-
stage renal disease on maintenance hemodialysis22,23, 
the clinical outcomes after acute cardiovascular events 
may actually be more favorable in patients with hi-
gher BMIs, including in those presenting with an acute 
MI24,25. This obesity paradox however, does not seem 
to be supported by all studies9. Whereas some stu-
dies reported better outcomes in patients with incre-
ased weight, others did not fi nd any association. In a 
follow-up study of the Controlled Abciximab and Devi-
ce Investigation to Lower Late Angioplasty Complications 
(CADILLAC) trial, although lower in-hospital, 30-days, 
and 1-year mortality rates were observed in obese 
patients with acute MI undergoing primary PCI, statis-
tical signifi cance was only reached in male patients12. 
Lower in-hospital mortality and major adverse cardiac 
events in obese than in normal weight patients have 

In-hospital evolution and complications
Data regarding the in-hospital evolution and complica-
tions in the studied groups are listed in Table 5. None 
of the studied parameters, including in-hospital mor-
tality rates, were signifi cantly different between the 
three BMI groups (all p>0.05). Also, there was no signi-
fi cant correlation between BMI values and any of these 
parameters (all p>0.05).

DISCUSSIONS
The main fi ndings of the present study are that (1) 
based on the current WHO standards, more than 75% 
of patients undergoing primary PCI for STEMI were 
overweight or obese; (2) increased BMI did not in-
fl uence in-hospital mortality rates, nor acute STEMI-
related complications; (3) patients with higher BMIs 
presented lower maximum ST-segment elevation and 
sum of ST-segment elevation; and (4) were less likely to 
develop anterior STEMI.

With their rising prevalence, overweight and obe-
sity have become a worldwide public health issue, 
affecting more than half of the adult population of the 
U.S.A.17. The presence of obesity has been associated 
with hyperinsulinemia, sympathetic overactivity, incre-
ased triglycerides, cholesterol, and insulin resistance, 
explaining the high rates of diabetes mellitus, arteri-
al hypertension, CAD, heart failure or stroke in this 
population2,18,19. Moreover, plaque rupture and acute 
coronary syndromes, including STEMI, occur more 
often in obese patients than in their normal weight 
peers2,20,21. Thus, it is not surprising that in the present 
study, patients with weights above the normal range 

Table 5. In-hospital evolution and complications in the predefi ned body mass index groups.*

Parameter Total (n=322) Normal weight 
(n=75)

Overweight 
(n=147) Obese (n=100) p-value

Reinfarction 5 (1.6%) 1 (1.3%) 3 (2.0%) 1 (1.0%) 0.80
Cardiogenic shock 35 (10.9%) 12 (16.0%) 12 (8.2%) 11 (11.0%) 0.21
Heart failure at discharge 157 (48.8%) 38 (50.7%) 77 (52.4%) 42 (42.0%) 0.26
Asystole 16 (4.9%) 5 (6.7%) 7 (4.8%) 4 (4.0%) 0.72
Conduction disorders 21 (6.5%) 4 (5.3%) 11 (7.5%) 6 (6.0%) 0.80
Cardiac pacing 10 (3.1%) 2 (2.7%) 5 (3.4%) 3 (3.0%) 0.95
Cardiac arrhythmias 92 (28.6%) 19 (25.3%) 50 (34.0%) 23 (23.0%) 0.13
Sudden cardiac death 42 (13.0 %) 11 (14.7%) 23 (15.6%) 8 (8.0%) 0.19
Kidney dysfunction 74 (22.9%) 22 (29.3%) 32 (21.8) 20 (20.0%) 0.31
Liver dysfunction 47 (14.6%) 11 (14.7%) 19 (12.9%) 17 (17.0%) 0.67
LVEF at discharge (%) 45.0 ± 7.7 45.1 ± 9.7 45.1 ± 6.8 44.9 ± 7.5 0.98
Duration of hospital stay (days) 8 (3-43) 8 (3-24) 8 (4-43) 8 (3-28) 0.71
In-hospital mortality 19 (5.9%) 5 (6.7%) 8 (5.4%) 6 (6.0%) 0.93
*Normal weight (BMI 18.5-24.9 kg/m2), overweight (BMI 25.0-29.9 kg/m2), obese (BMI ≥30.0 kg/m2). Rhythm disorders included atrial and ventricular extrasystoles, atrial and ventricular tachycardia and/
or fi brillation and various combinations of these rhythm disorders. Conduction disorders included atrioventricular blocks, left and right bundle branch blocks and various combinations of these cardiac 
conduction disorders.
Quantitative data are expressed as mean ± standard deviation or median (interquartile range), as appropriate. Categorical data are expressed as number (percentage). p-values refer to comparisons 
between groups based on one-way analysis of variance (ANOVA) for continuous variables and Chi-square test for categorical variables.
LVEF – left ventricular ejection fraction.
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also been reported in a study based on the New York 
State Coronary Angioplasty Reporting System26. However, 
in that study, mortality rates were signifi cantly higher 
in extremely than in less obese patients26. In other two 
large population-based studies, although mortality ra-
tes were lower in higher weight patients, this was due 
to lower non-cardiac deaths, whereas higher BMI pati-
ents experienced more recurrent coronary events10,27. 
In fact, even in the studies that did report an inverse 
relationship between BMI and mortality, after adjusting 
for age, gender, kidney dysfunction, or N-terminal pro-
brain natriuretic peptide values, BMI was no longer 
predictive of mortality after STEMI20,28, suggesting that 
comorbidities may actually play a more important role 
in these patients’ outcomes.

In line with these latter studies, obese patients in-
cluded in our study did not present either more or 
less frequently with any adverse cardiac event, such as 
reinfarction, cardiogenic shock, rhythm or conduction 
disorders, or in-hospital mortality. Furthermore, there 
was no signifi cant correlation between BMI values and 
any of the traditional risk scores validated in patients 
with STEMI. It is of note, however, that GRACE scores 
were signifi cantly higher in the present study compa-
red to previous studies29, suggesting that the BMI may 
be relevant only in patients with less severe clinical 
presentation. One important observation is that whe-
reas most studies supporting the obesity paradox are 
large-scale studies, this relationship is not supported 
by the vast majority of small, single-center studies, 
suggesting that, even if present, this inverse BMI-sur-
vival association is probably modest. Nevertheless, 
all studies, including the present one, appear to agree 
on the fact that, contrary to what is accepted for the 
general population, increased BMI does not translate 
into increased risk of adverse cardiac events following 
acute STEMI.

Several hypotheses have been set forth to explain 
this fi nding. In most studies, including the present one, 
obese patients presenting with STEMI had younger age 
and were less likely to be smokers, both of which may 
impact on their better prognosis30-32. Studies have also 
suggested that obese patients are more likely to be 
treated earlier, more aggressively, with guideline-re-
commended therapies33. However, in the present study, 
despite the higher incidence of arterial hypertension, 
diabetes mellitus, and hypertriglyceridemia among pa-
tients with higher BMI values, the likelihood of being 
treated with therapies that may infl uence prognosis, 
including beta-blockers, renin-angiotensin-aldosterone 

system blockers, or statins34, was similar among the 
different BMI groups. One other potential explanation 
was that obese patients could present earlier in the 
evolution of acute MI, due to their increased aware-
ness of cardiovascular risk29. However, in the present 
study, the symptom onset-to-cardiac catheterization 
laboratory time intervals were similar between the 
different BMI groups (5.7±4.4 h in normal weight pa-
tients versus 6.6±4.8 h in overweight patients versus 
6.6±4.4 h in obese patients, p=0.16). It has also been 
suggested that obese patients may have less severe left 
ventricular dysfunction at presentation35. This was aga-
in not the case in the present study, as there was no 
signifi cant difference in left ventricular ejection fracti-
on at presentation between the different BMI groups. 
From a pathophysiological point of view, it has been 
suggested that patients with high BMI values may have 
greater metabolic reserve, and better neurohormonal 
profi le, as demonstrated by the lower B-type natriure-
tic peptide levels observed in previous studies36. Finally, 
obese patients appear to be less likely to develop acu-
te complications such as hemorrhagic events and ane-
mia, which may also impact on their better prognosis37.

In the present study, despite a greater incidence of 
arterial hypertension, diabetes mellitus, and hypertri-
glyceridemia in the obese patients, in-hospital morta-
lity rates were not different between the different BMI 
groups. However, obese patients displayed lower ma-
ximum ST-segment elevation and sum of ST-segment 
elevation, and were less likely to present anterior 
STEMI, all features known to affect prognosis in acute 
MI38. After adjusting for potential confounders, howe-
ver, BMI no longer predicted the sum of ST-segment 
elevation values or maximum ST-segment elevation. As 
indicated by the higher values of these parameters in 
patients with anterior versus non-anterior STEMI, the 
decreased values of these parameters in obese pati-
ents may have been related to their lower likelihood of 
presenting anterior STEMI. Additionally, the increased 
thickness of the subcutaneous tissue in obese patients 
may also have contributed to this fi nding, lowering 
ECG voltage. Contrarily, in multiple regression analysis, 
lower BMI remained an independent predictor of an-
terior STEMI. A lower incidence of infarctions involving 
the left anterior descending coronary artery in obese 
patients has also been reported in a follow-up study 
of the CADILLAC trial involving over 2.000 patients12. 
These features may act to compensate the intrinsic 
obesity-related cardiovascular risk of these patients, 
explaining the lack of increased mortality in this pa-
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tient group. The mechanisms explaining the increased 
likelihood of obese patients to develop non-anterior 
STEMI remain to be elucidated. Additional insights into 
the BMI-mortality relationship in STEMI patients will 
probably arise from studies that will accurately quan-
tify body composition and fat distribution.

Potential limitations
Several potential limitations apply to this study. First, 
the relatively low number of patients included in the 
analysis may have affected the study’s statistical power. 
Secondly, our analysis has all the limitations of a retros-
pective analysis and should thus be viewed as hypothe-
sis-generating rather than defi nitive. Finally, data on 
waist circumference and waist-to-hip ratio were una-
vailable and more direct adiposity quantifi cation by 
computed tomography or dual-energy x-ray absor-
ptiometry was not performed in the present study. 
Although the BMI is a validated marker of adiposity 
and the most widely used marker in clinical practi-
ce, it may also refl ect muscle mass, which makes it an 
imperfect measure of body adiposity, whereas other 
markers, such as the waist circumference and/or the 
waist-to-hip ratio may be better markers of CAD39. 
However, the vast majority of studies assessing the 
obesity paradox have used almost exclusively the BMI 
as an index of obesity.

CONCLUSIONS
In the present study, patients with weights above the 
normal range represented more than three quarters 
of patients undergoing primary PCI for STEMI. Althou-
gh the obesity paradox was not confi rmed in the pre-
sent study, increased BMI did not translate into increa-
sed risk following acute STEMI. On the contrary, obe-
se patients were less likely to present anterior STEMI 
and displayed lower maximum ST-segment elevation 
and sum of ST-segment elevation. These features may 
act to compensate the intrinsic obesity-related cardi-
ovascular risk of these patients, explaining the lack of 
increased mortality in this patient group.
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