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Overweight or obesity are increasing in epidemic preva-
lence throughout the world.1 Among the general popula-

tion, it is well established that overweight or obese people with 
a high body mass index (BMI; weight in kilograms divided by 
the square of the height in meters) have a higher risk of car-
diovascular disease and death from heart disease or stroke.2–5

Despite known adverse effects of overweight or obesity 
as risk factor for coronary artery disease (CAD) and cardio-
vascular mortality, once CAD has been established, the close 
relation of obesity with total or cardiovascular mortality and 
cardiovascular events is unclear.6 Moreover, several stud-
ies have suggested that overweight or obese groups seem to 
have a better prognosis compared with normal or lower BMI 
groups in patients with established CAD and heart failure,6–8 a 
phenomenon termed as the obesity paradox.

BMI is associated with atherosclerotic burden of CAD, 
plaque vulnerability, and adjunct drug responses affecting 
clinical outcomes, especially among patients with docu-
mented CAD undergoing percutaneous coronary intervention 
(PCI).9,10 However, conflicting data exist regarding the relation 

between BMI and the risks of cardiovascular events and mor-
tality after PCI.11–16 Pooled analyses provide the opportunity 
to address these issues carefully in a large dataset with the 
use of a standard analytic approach across studies, providing 
a reliable estimate of the link between BMI and clinical out-
comes. We examined, therefore, the relation between BMI and 
risks of major cardiovascular events and mortality after PCI 
using patient-level data from 11 prospective clinical studies, 
predominantly designed to study PCI outcomes.

Methods
Study Population and Procedures
For the present analysis, databases from 11 independent, prospective 
clinical studies (8 randomized clinical trials and 3 registries) were 
pooled to provide a patient-level data analysis. All studies were 
conducted in South Korea and performed in Asian population. 
The study designs and results of individual studies have been 
published previously.17–27 Among all studies included, the baseline 
BMI was calculated with the use of weight and height measured at 
enrollment and data on adverse cardiovascular events and mortality 
were prospectively collected. These studies contain information on 
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patient demographics, cardiac or coexisting risk factors, clinical 
manifestations, left ventricular function, angiographic and procedural 
characteristics, and in-hospital and follow-up outcomes. Relevant 
data were prospectively collected using a dedicated, electronic case 
report form by specialized personnel at each center, and the Internet-
based system provides each center with immediate and continuous 
feedback on processes and quality-of-care measures. All databases 
are maintained at the Clinical Research Center of Asan Medical 
Center, Seoul, Korea, and therefore a convenience sample of 11 
clinical studies was available in existing merged data sets. As each 
study enrollment criteria, patients with cardiogenic shock, terminal 
illness, or malignancy at baseline were excluded. All of these studies 
were approved by the local institutional review board, and all patients 
provided written informed consent.

Among studies, PCI was performed according to current standard 
guidelines. Antiplatelet therapy and periprocedural anticoagulation 
were administered according to standard regimens. All patients were 
prescribed aspirin (loading dose, 200 mg) plus clopidogrel (loading 
dose, 300 or 600 mg) before or during PCI. After the procedure, aspi-
rin (100–200 mg per day) was continued indefinitely, patients treated 
with drug-eluting stents were prescribed clopidogrel (75 mg/d) for 
at least 12 months, and patients treated with bare-metal stents were 
prescribed clopidogrel for at least 1 month.

Outcomes, Definitions, and Follow-Up
Two outcomes were assessed for inclusion in the current analysis: 
major cardiovascular events and death from any cause. Major cardio-
vascular event was defined as a composite of death from cardiovas-
cular causes, nonfatal myocardial infarction (MI), stent thrombosis, 
or stroke. All deaths were considered to be a result of cardiovascu-
lar causes unless an unequivocal noncardiovascular cause could be 
established. The diagnosis of MI was based on the universal defini-
tion of MI.28 Stent thrombosis was defined as the definite or probable 
events, according to the Academic Research Consortium criteria.29 
Stroke, as detected by the occurrence of a new neurological deficit, 
was confirmed by a neurologist and on imaging. For each study, an 
independent clinical events committee adjudicated all clinical end 
points of the study, and all outcomes of interest were confirmed by 
source documentation collected at each hospital.

Among studies, clinical follow-up was performed via office visit 
or telephone contact at 1, 6, and 12 months and then every 6 or 12 
months, thereafter, according to the study protocol. All other possible 

information derived from outpatient visits, hospital readmission, or 
by the referring physician, patients, or relatives were entered into 
the dedicated database. For validation of complete follow-up data, 
information on vital status was obtained from the National Population 
Registry of the Korea National Statistical Office with the use of a 
unique personal identification number.

Statistical Analysis
Continuous variables are described as mean and SD, and dichoto-
mous variables are described as counts and percentages. Baseline 
clinical, angiographic, and procedural characteristics were described 
for each group according to BMI categories.

The association between BMI, and the risks of major cardiovas-
cular events and death was analyzed using Cox proportional-hazards 
regression models, with a categorical representation of BMI as the 
predictor variable. Based on cutoff points in previous studies,3,4 anal-
yses of BMI used the following predefined categories: <18.5, 18.5 to 
19.9, 20.0 to 22.4, 22.5 to 24.9, 25.0 to 27.4, 27.5 to 29.9, and ≥30.0. 
Using the BMI range of 22.5 to 24.9 as the referent category, we es-
timated hazard ratios and 95% confidence interval for the other BMI 
ranges. To account for between-study heterogeneity, P value and con-
fidence interval were calculated using robust standard errors based on 
sandwich estimators.30

We planned to accomplish this first by unadjusted analysis and then 
using a multivariable model to adjust potentially confounding factors, 
which were clinically relevant or were significantly associated with 
outcomes (P<0.05) (P study, age, sex, diabetes mellitus, hypertension, 
hyperlipidemia, smoking status, previous MI, previous stroke, periph-
eral vascular disease, renal dysfunction, acute coronary syndrome, 
ejection fraction, multivessel disease, left main disease, bifurcation 
disease, long disease, stent type, and number of stents). The assump-
tions of the proportional hazards were statistically assessed on the ba-
sis of Schoenfeld residuals and graphically using log–log plots. No 
significant deviations from the assumptions were noted. Cumulative 
probability and survival curves according to BMI categories were 
constructed from Kaplan–Meier estimates and compared using log-
rank test. Additionally, to minimize the influence of possible reverse 
causation of low BMI and to assess the baseline BMI as a risk fac-
tor for nonprocedure cardiovascular events, sensitivity analyses were 
conducted excluding adverse events that occurred at <7 days after the 
procedure. All reported P values are 2-sided, and P values of <0.05 
were considered to indicate statistical significance. SAS software, ver-
sion 9.1 (SAS Institute, Cary, NC) was used for all statistical analysis.

Results
Study Population and Baseline Characteristics
A total of 23 604 subjects were pooled from 11 PCI clini-
cal studies. Major clinical and demographic features of the 
combined population and that of each study are provided in 
Table 1. All the population had a mean age of 62 years, 70% 
of patients were men, 30% had diabetes mellitus, and 58% 
presented with acute coronary syndromes. For the devices 
of PCI, 82% patients received implantation of drug-eluting 
stents. Follow-up among studies varied from 1 to 5 years.

After exclusion of 423 (1.8%) subjects without baseline BMI 
data in merged population, 23 181 were included in the final 
analysis evaluating the association between BMI and outcomes. 
Overall, the mean (±SD) BMI for the study population was 
24.9±3.0. Detailed data on baseline, angiographic, and proce-
dural characteristics according to the BMI categories are shown 
in Table 2. With increasing BMI, patients were younger, but the 
prevalence of diabetes mellitus, hypertension, and hyperlipid-
emia, and history of MI and PCI increased. Previous conges-
tive heart failure, renal dysfunction, and left main disease were 
slightly more common in the lower BMI categories.

WHAT IS KNOWN

•	A high body mass index is associated with a higher 
risk of cardiovascular disease and mortality.

•	Once coronary artery disease has been established, 
the obesity paradox has been reported with over-
weight or obese patients having a better prognosis 
compared with normal or lower body mass index 
groups.

•	The relationship between body mass index and ad-
verse cardiovascular events after percutaneous coro-
nary intervention is unknown.

WHAT THE STUDY ADDS

•	This study supports the inverse relationship of body 
mass index with major cardiovascular events and 
all-cause mortality after percutaneous coronary 
intervention.

•	The mechanism for the obesity paradox is not clear 
and further studies are needed.
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Association Between BMI and the Risks of Major 
Cardiovascular Events and Mortality
The median follow-up was 2.1 years (25th and 75th percentiles; 
1.2 and 3.9 years). During follow-up, a total of 2381 major car-
diovascular events (392 cardiovascular deaths, 1954 MI, 181 
stent thrombosis, and 167 strokes) were reported and 1004 
total deaths occurred. Cumulative incidence curves of major 
cardiovascular events and all-cause mortality are presented in 
Figure 1. Overall, the rates of major cardiovascular events and 
mortality have significantly increased with decreasing BMI 
categories. The cumulative incidence of major cardiovascular 
events over time showed an initial steep rise, followed by a 
continuous separation of the curves, with a significantly higher 

rate of events in a low-BMI group. The incidence of mortality 
did continuously diverge over time, with a higher rate in a low-
BMI group and a lower rate in a high-BMI group.

In unadjusted Cox regression analysis, as compared with the 
reference range of 22.5 to 24.9, the hazard ratios for the risk 
of major cardiovascular event increased with progressively 
lower levels of BMI, whereas the hazard ratios decreased 
with progressively higher levels of BMI (Table 3). A similar 
association was also seen between BMI and the risk of all-
cause mortality.

To determine the independent association between BMI and 
clinical outcomes, we performed a multivariable Cox regres-
sion analysis after adjusting for a wide range of confounding 

Table 2. Baseline Characteristics of Patients According to Categories of Body Mass Index

Body Mass Index

Variable <18.5 18.5−19.9 20.0−22.4 22.5−24.9 25.0−27.4 27.5−29.9 ≥30.0

No. of patients 339 652 3670 7771 6703 2933 1113

Demographics

 Age (y) 68±12 66±11 64±10 62±10 61±10 60±10 59±11

 Sex

  Men 196 (58) 445 (68) 2549 (70) 5572 (72) 4794 (72) 1965 (67) 641 (58)

  Women 143 (42) 207 (32) 1121 (31) 2199 (28) 1909 (29) 968 (33) 472 (42)

Clinical characteristics or coexisting conditions

 Diabetes mellitus 72 (21) 149 (23) 1030 (28) 2310 (30) 1980 (30) 897 (31) 424 (38)

 Hypertension 148 (44) 288 (44) 1778 (48) 4119 (53) 3886 (58) 1861 (64) 788 (71)

 Current smoker 114 (34) 214 (33) 1219 (33) 2357 (30) 1976 (30) 856 (29) 325 (29)

 Hyperlipidemia 83 (25) 228 (35) 1324 (36) 3174 (41) 2921 (44) 1309 (45) 567 (51)

 Previous MI 17 (5) 57 (9) 331 (9) 718 (9) 702 (11) 300 (10) 106 (10)

 Previous PCI 18 (5) 65 (10) 406 (11) 933 (12) 924 (14) 358 (12) 152 (14)

 Previous CABG 4 (1) 11 (2) 89 (2) 127 (2) 116 (2) 44 (2) 18 (2)

 Previous CHF 18 (5) 19 (3) 55 (2) 88 (1) 68 (1) 26 (1) 18 (2)

 Previous stroke 16 (5) 27 (4) 218 (6) 464 (6) 371 (6) 157 (5) 68 (6)

 Peripheral vascular disease 4 (1) 14 (2) 67 (2) 132 (2) 111 (2) 38 (1) 23 (2)

 Chronic lung disease 19 (6) 20 (3) 82 (2) 136 (2) 92 (1) 41 (1) 21 (2)

 Renal dysfunction 14 (4) 15 (2) 111 (3) 160 (2) 135 (2) 42 (1) 21 (2)

 Acute coronary syndrome 234 (69) 433 (66) 2332 (64) 4483 (58) 3714 (55) 1544 (53) 636 (57)

 Ejection fraction, % 56±12 57±11 58±10 59±9 60±9 60±8 59±8

Angiographic and procedural characteristics, n (%)

 Multivessel disease 174 (51) 314 (48) 1878 (51) 3896 (50) 3464 (52) 1442 (49) 578 (52)

 Left anterior descending artery disease 210 (62) 386 (59) 2223 (61) 4705 (61) 4045 (60) 1741 (59) 657 (59)

 Left main disease 28 (8) 48 (7) 263 (7) 493 (6) 404 (6) 145 (5) 47 (4)

 Bifurcation lesion 80 (24) 132 (20) 854 (23) 1815 (23) 1574 (24) 651 (22) 235 (21)

 Long lesion (>20 mm) 216 (64) 427 (66) 2486 (68) 5279 (68) 4636 (69) 2026 (69) 759 (68)

 Total occlusion 47 (14) 68 (10) 389 (11) 882 (11) 787 (12) 345 (12) 137 (12)

 Stent type

  Bare-metal stents 64 (19) 131 (20) 670 (18) 1390 (18) 1214 (18) 545 (19) 210 (19)

  Drug-eluting stents 275 (81) 521 (80) 3000 (82) 6381 (82) 5489 (82) 2388 (81) 903 (81)

 No. of stents 1.7±0.9 1.7±1.0 1.7±1.0 1.8±1.0 1.8±1.1 1.7±1.0 1.7±1.0

 Total stent length (mm) 39±26 39±27 41±27 42±27 42±28 41±27 42±28

Data are shown as mean (SD) for continuous variables and absolute numbers (percentage) for dichotomous variables. CABG indicates coronary artery bypass grafting; 
CHF, congestive heart failure; MI, myocardial infarction; and PCI, percutaneous coronary intervention.
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factors. Even after multivariable adjustment, the inverse rela-
tionship of BMI with major cardiovascular events and with 
all-cause mortality were maintained (Table 4 and Figure 2). 
As compared with the reference of 22.5 to 24.9, the risks of 
major cardiovascular events were higher among patients with 
a lower BMI (by a factor of 1.52 for a BMI <18.5; 1.05 for a 
BMI of 18.5–19.9; 1.03 for a BMI of 20.0–22.4), but the risks 
of these events were lower among patients with a higher BMI 
(by a factor of 0.97 for a BMI of 25.0–27.4; 0.97 for a BMI of 
27.5–29.9; and 0.78 for a BMI of ≥30.0). The adjusted hazard 
ratios for all-cause mortality were also similar.

In sensitivity analyses excluding events at <7 days, over-
all findings suggesting the inverse relationship of BMI with 
major cardiovascular events and all-cause mortality were con-
sistent (Table 5).

Discussion
This is the largest study to evaluate systematically the rela-
tionship of BMI with major cardiovascular events and total 

mortality after PCI using individual patient-level data from 
several prospective PCI clinical studies. As a result, the study 
shows that after adjusting for potential confounding factors, 
a low BMI is significantly associated with increased risks 
of major cardiovascular events and all-cause mortality. The 
excess risks for these outcomes associated with a high BMI, 
however, were not observed.

Obesity involves hyperinsulinemia and insulin resistance, 
enhances free fatty acid turnover, increases sympathetic 
tone activity, induces platelet and clotting system activation, 
and causes chronic low-grade inflammation, all of which 
increase the risks for developing CAD and adverse cardio-
vascular events.31 And also, a greater BMI was significantly 
associated with poorer response of clopidogrel and aspirin, 
which are mandatory adjunct drugs for PCI.10,32 Contrary to 
these pathophysiology mechanisms induced by obesity, sev-
eral studies suggested that overweight or obese patients have 
better PCI outcomes than do normal or leaner patients, sup-
porting protective effect of obesity, known as the obesity para-
dox.11–14 These studies were, however, hampered by limited 
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Figure 1. Kaplan–Meier curves of the cumulative probability of major cardiovascular events and death according to body mass index 
categories. Major cardiovascular event was defined as a composite of death from cardiovascular causes, nonfatal myocardial infarction, 
stent thrombosis, or stroke. P values were calculated with the use of the log-rank test.

Table 3. Crude Association Between Body Mass Index and Risk of Major Cardiovascular Events and All-Cause Mortality*

Body Mass Index

Outcome <18.5 18.5−19.9 20.0−22.4 22.5−24.9 25.0−27.4 27.5−29.9 ≥30.0

No. of patients 339 652 3670 7771 6703 2933 1113

Major cardiovascular events

 Total number of events 60 77 412 797 665 281 89

 Cumulative rate at 2 y† 17.1 10.9 10.5 9.7 9.2 8.9 6.8

 Hazard ratio (95% CI) 1.82 (1.38–2.39) 1.16 (0.77–1.74) 1.10 (0.98–1.24) Reference 0.96 (0.90–1.03) 0.93 (0.84–1.02) 0.77 (0.63–0.95)

All-cause mortality

 Total number of events 43 69 225 321 221 87 38

 Cumulative rate at 2 y† 11.1 6.2 4.2 2.7 1.9 1.8 1.4

 Hazard ratio (95% CI) 3.70 (3.30–4.14) 2.72 (2.24–3.32) 1.52 (1.36–1.69) Reference 0.78 (0.72–0.84) 0.69 (0.62–0.78) 0.81 (0.58–1.12)

Major cardiovascular events were defined as a composite of cardiovascular death, nonfatal myocardial infarction, stent thrombosis, or stroke. CI indicates confidence interval.
*The hazard ratios represent the effect per category of body mass index relative to the reference category (22.5–24.9).
†Cumulative event rates are derived from Kaplan–Meier estimates.
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number of patients, a relatively short follow-up period, or a 
retrospective observational study design. A recent large-sized 
meta-analysis, including >250 000 patients with documented 
CAD, showed that a low-BMI group had the highest all-cause 
and cardiovascular mortality, whereas better survival was 
observed in higher BMI groups.6 Especially, these trends were 
mostly prominent in patients who received PCI than in those 
who underwent coronary artery bypass grafting or had a his-
tory of MI. Consistent with these findings, our patient-level 
pooled analysis of PCI patients also showed that there was 
an inverse relationship between BMI and mortality after PCI. 
Apart from the association between BMI and total mortal-
ity, an inverse relationship of BMI with major cardiovascular 
events, which are more specific measure of PCI outcomes, 
was also demonstrated.

Our study does not fully clarify the exact mechanism of 
an absence of association or an inverse association of BMI 
and clinical outcomes after PCI. However, there could be 
some possible explanations for this phenomenon. First, the 
discriminatory ability of BMI is relatively limited to make 
a clear distinction between body fat, which have negative 
impact on prognosis, and lean body mass, which is associ-
ated with better prognosis in patients with cardiovascular dis-
ease.6 Therefore, a high BMI does not solely imply excess 
body adiposity, and may reflect a preserved or increased 
lean body mass. It would be a plausible explanation of the 
better outcomes in overweight or obese patients. Second, 
higher BMI groups were associated with a higher preva-
lence of coexisting cardiovascular conditions, such as dia-
betes mellitus, hypertension, hyperlipidemia, and history of 
MI and PCI. Therefore, there is the possibility that patients 
with a high BMI were on more aggressive secondary preven-
tive drug therapies rather than those with a normal or low 
BMI. Previous study demonstrated that overweight or obese 
patients were more likely to be adherent to guideline-recom-
mended medical treatment.13 Third, although our analysis 
excluded patients with terminal illness or cancer to minimize 
the influence of possible reverse causation, other unmeasured 
factors that influence a low BMI, presumably, remain to be 
identified. Lastly, further studies are warranted to address 
the novel suggested mechanisms; a higher BMI is related to 
larger vessels treated with larger stent diameter33 or to the 
cardio-protective effect of adipokines.34,35

The current analysis includes a large number of patients 
specifically treated with PCI in which contemporary devices 
and techniques were used. From the clinical standpoint, an 

important issue that deserves comment is that most devices 
used in PCI have been manufactured targeting patients with 
the average BMI. Although exact mechanism linking low BMI 

Table 4. Adjusted Hazard Ratios for Major Cardiovascular Events and All-Cause Mortality, According to Body Mass Index*

Body Mass Index

Outcome <18.5 18.5−19.9 20.0−22.4 22.5−24.9 25.0−27.4 27.5−29.9 ≥30.0

Major cardiovascular events

 Hazard ratio (95% CI) 1.52 (1.16–1.99) 1.05 (0.83–1.33) 1.03 (0.92–1.17) Reference 0.97 (0.87–1.07) 0.97 (0.85–1.11) 0.78 (0.62–0.98)

All-cause mortality

 Hazard ratio (95% CI) 2.93 (2.63–3.27) 2.44 (1.95–3.05) 1.39 (1.24–1.56) Reference 0.79 (0.72–0.87) 0.76 (0.67–0.85) 0.79 (0.61–1.04)

Major cardiovascular events were defined as a composite of cardiovascular death, nonfatal myocardial infarction, stent thrombosis, or stroke. CI indicates confidence interval.
*The hazard ratios represent the effect per category of body mass index relative to the reference category (22.5–24.9). This model were adjusted for study, age, sex, 

diabetes mellitus, hypertension, hyperlipidemia, smoking status, previous myocardial infarction, previous stroke, peripheral vascular disease, chronic lung disease, renal 
dysfunction, acute coronary syndrome, ejection fraction, multivessel disease, left main disease, bifurcation disease, long disease, stent type, and number of stents.

Figure 2. Adjusted hazard ratios for major cardiovascular event 
and death according to body mass index categories. Major cardio-
vascular event was defined as a composite of death from cardio-
vascular causes, nonfatal myocardial infarction, stent thrombosis, 
or stroke. The reference category was a body mass index of 22.5 
to 24.9. A and B have different scales for hazard ratios. *Hazard 
ratios were adjusted for study, age, sex, diabetes mellitus, hyper-
tension, hyperlipidemia, smoking status, previous myocardial 
infarction, previous stroke, peripheral vascular disease, chronic 
lung disease, renal dysfunction, acute coronary syndrome, ejection 
fraction, multivessel disease, left main disease, bifurcation disease, 
long disease, stent type, and number of stents.
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with poorer PCI outcomes is still unclear, future studies are 
needed to determine whether patients with extreme small BMI 
may specifically need tailored PCI devices or not.

Potential limitations of the current study warrant discussion. 
First, the database merged several clinical studies and interstudy 
variability may exist that could have influenced results in the 
pooled patient population. Second, although we adjusted pos-
sible confounding factors, unmeasured confounders associated 
with BMI still exist. Third, we did not capture the measurements 
of body composition or body fat distribution (ie, waist circum-
ference or waist-to-hip ratio regarding central obesity), which 
are suggested to be more closely related with adiposity-related 
outcomes. Fourth, as this analysis was performed in Asian popu-
lation, it is uncertain whether this finding can be directly applied 
to other ethnic groups. Compared with Western population,15 the 
proportion of severe or extreme obese patients was too small in 
our population; 0.3% (59) patients with class II obese (35 kg/m2 
≤ BMI <40 kg/m2) and 0.02% (4) patients with class III obese 
(BMI ≥40 kg/m2). In addition, it has been suggested that the rela-
tionship between BMI and mortality may differ across racial and 
ethnic groups.36 Fifth, we did not perform serial measurements 
of BMI during follow-up. There has been report suggesting a 
relation between weight change and cardiovascular events.37 
Finally, longer term follow-up are needed to evaluate very long-
term effect of BMI on outcomes after PCI.

Conclusions
In this large, pooled population of CAD patients receiving PCI 
in contemporary practice, patients with a low BMI had a higher 
risk of major cardiovascular events and death than patients 
with a normal BMI. However, no elevated risk of major cardio-
vascular events and mortality were seen in high-BMI groups. 
Before presumably drawing a conclusion that obesity is protec-
tive or harmless for cardiovascular risk among patients receiv-
ing PCI, more reliable surrogate markers differentiating excess 
body fat and muscle mass are needed for future risk stratifi-
cation in such population, and additional clinical studies are 
needed to test different methods reflecting adiposity.
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