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Abstract
Aims: The aim of this study was to evaluate the relationship between body mass index (BMI) and out-
comes in patients with coronary artery disease undergoing percutaneous revascularisation.

Methods and results: In 13 randomised trials, 22,922 patients were stratified (in kg/m2) as underweight 
(BMI <18.5), normal weight (18.5 ≤BMI <25, used as reference), overweight (25 ≤BMI <30), and obese 
(Class I [30 ≤BMI <35], Class II [35 ≤BMI <40], or Class III [BMI ≥40]). The primary endpoint was all-
cause death at five years. Secondary endpoints were cardiac and non-cardiac death, target (TLR) and non-
target lesion revascularisation (NTLR), myocardial infarction (MI), and definite/probable stent thrombosis. 
Despite adjustment for multiple confounders, overweight and Class I obesity were associated with lower 
all-cause mortality versus normal weight (HR 0.83, 95% CI: 0.71-0.96, and HR 0.83, 95% CI: 0.69-0.96, 
respectively); however, non-cardiac death was the major contributor to this effect (HR 0.77, 95% CI: 0.63-
0.94 for overweight). Conversely, cardiac mortality was higher in severely obese individuals (HR 1.62, 95% 
CI: 1.05-2.51 for Class III obesity). Obesity was associated with higher rates of NTLR (HR 1.28, 95% CI: 
1.04-1.58 for Class II obesity) but not with TLR, MI and stent thrombosis.

Conclusions: Moderately increased BMI is associated with improved survival post PCI, mostly due to 
lower non-cardiac but not cardiac mortality.
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Abbreviations
BMI body mass index
CAD coronary artery disease
CI confidence interval
DES drug-eluting stent
HR hazard ratio
NTLR non-target lesion revascularisation
PCI percutaneous coronary intervention
RCT randomised controlled trial
STEMI ST-elevation myocardial infarction
TIMI Thrombolysis In Myocardial Infarction
TLR target lesion revascularisation

Introduction
It is estimated that high body mass index (BMI) contributes to 
4.0 million deaths per year worldwide and the prevalence of obe-
sity continues to increase1. Obesity and excess body fat are strong 
risk factors of premature cardiovascular and non-cardiovascu-
lar diseases; yet, in patients with known coronary artery disease 
(CAD) and in those undergoing percutaneous coronary interven-
tion (PCI), being overweight is associated with a significant all-
cause mortality benefit2,3. Despite previous reports describing the 
so-called “obesity paradox”, there is still a need for more data on 
the exact causes and durability of the observed mortality benefit 
and its association with certain clinical and procedural characteris-
tics, especially the extent of the cardiac and non-cardiac mortality 
effect and the relationship between body size and other cardio-
vascular outcomes. Thus, we investigated five-year cardiovascular 
outcomes in relation to baseline BMI using pooled patient-level 
data from randomised controlled trials (RCTs).

Editorial, see page 1120

Methods
STUDY POPULATION
Individual patient-level data from 21 PCI RCTs performed and 
reported between 1999 and 2016 were pooled in a centralised 
database at the Cardiovascular Research Foundation (New York, 
NY, USA). For the present analysis, 13 studies with available BMI 
at the time of PCI were included (Supplementary Table 1). All 
but three trials (ACUITY, HORIZONS-AMI, SPIRIT IV) reported 
five-year outcomes. The trials compared different types of stent 
(bare metal stents, first- and second-generation drug-eluting stents 
[DES]) and various antithrombotic regimens (heparin with or 
without glycoprotein IIb/IIIa inhibitors, or bivalirudin) in patients 
with a spectrum of clinical presentations. All studies complied 
with the Declaration of Helsinki and were approved by the institu-
tional review boards at each participating centre; written informed 
consent was obtained from all patients at the time of enrolment.

Patients were stratified into six groups using the National Heart, 
Lung, and Blood Institute definitions according to their BMI (kg/m2) 
at the time of PCI: underweight (BMI <18.5), normal weight (18.5 
≤BMI <25), overweight (25 ≤BMI <30), obesity Class I (30 ≤BMI 
<35), obesity Class II (35 ≤BMI <40), and obesity Class III (BMI ≥40)4.

STUDY ENDPOINTS
The primary outcome of the study was all-cause death at five-year 
follow-up. Secondary outcomes included cardiac and non-cardiac 
death, ischaemia-driven target lesion revascularisation (TLR), 
non-target lesion revascularisation (NTLR) in the target vessel 
and non-target vessel, myocardial infarction (MI), and definite/
probable stent thrombosis as defined by the Academic Research 
Consortium5. All MIs within three days post PCI were classified 
as periprocedural and were excluded because of the variable defi-
nitions used. Definitions of cardiac and non-cardiac death were 
similar across studies, with deaths of unknown cause considered 
cardiac. All outcomes were reported in all studies included in the 
analysis, except for NTLR which was not available in ACUITY, 
TAXUS II, IV, V and PLATINUM.

STATISTICAL ANALYSIS
Patient-level data were pooled as one structured data set. 
Baseline demographics, core lab reported quantitative coro-
nary angiography results, and procedural characteristics are pre-
sented as mean and standard deviation and were tested with the 
Student’s t-test (after normal distribution was confirmed with the 
Kolmogorov-Smirnov test). Multiple group comparisons were per-
formed using analysis of variance. Categorical variables are pre-
sented as counts and percentages and were tested with the χ2 test. 
Because we expected less than one false positive test on average 
if all BMI pairs tested positive at a 5% type I error, no adjustment 
of p-values for post hoc pairwise testing was done. Cumulative 
five-year event rates are presented as Kaplan-Meier estimates and 
were tested with the log-rank test. A multivariable Cox propor-
tional hazards model was adjusted for patient and lesion charac-
teristics with each RCT as a random effect using normal weight 
individuals as a reference. Selection of covariates was based on 
their historical and pathophysiologic association with risk of 
ischaemic events and differences across BMI subgroups. The fol-
lowing covariates were included in the model: age, sex, diabetes 
mellitus, current smoker, hypertension, hyperlipidaemia, previous 
coronary artery bypass grafting, previous PCI, previous MI, clini-
cal presentation with MI (non-ST-elevation myocardial infarction 
[NSTEMI] or ST-elevation myocardial infarction [STEMI]) versus 
stable CAD or unstable angina, stent type (bare metal stents, first-
generation DES, second-generation DES), stent length, reference 
vessel diameter, calcification, and number of treated lesions. All 
study outcomes were tested for interaction with age, sex, clinical 
presentation, and stent type. Two-sided p-values <0.05 were con-
sidered statistically significant. All analyses were performed using 
SAS version 9.4 (SAS Institute, Cary, NC, USA).

Results
Overall, 22,922 patients (mean age 62.8 years, 27.8% female) 
were included. BMI was 29.0±5.4 kg/m2. When divided into BMI 
subgroups, 137 (0.5%) were classified as underweight, 4,997 
(21.8%) as normal weight, 9,665 (42.2%) as overweight, and 
8,123 (35.4%) as obese, including 5,318 (23.2%) Class I, 1,903 
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(8.3%) Class II, and 902 (3.9%) Class III. Baseline patient clini-
cal characteristics are summarised in Table 1. Overweight and 
obese patients were younger than those of normal weight. Higher 
BMI was associated with more cardiovascular risk factors (diabe-
tes mellitus, hypertension, and hyperlipidaemia) as well as higher 
rates of prior MI and prior revascularisation (both PCI and sur-
gery), while current smoking had a lower prevalence across higher 
BMI subgroups. Higher BMI was associated with more frequent 
stable CAD than normal BMI and underweight individuals.

Core lab angiographic findings and procedural characteristics 
are presented in Table 2. Overall, 80% of patients underwent sin-
gle-vessel PCI (1.2±0.6 lesions), and 86% of stents were DES 
(58.5% second-generation). Reference vessel size and minimal 
lumen diameter were larger in higher BMI patients versus normal 
weight counterparts. In overweight and obese patients, lesions were 
shorter, less calcified, and less frequently ACC/AHA type C ver-
sus normal weight patients. PCI procedures in obese, but not over-
weight patients were associated with significantly shorter stents, but 
greater residual diameter stenosis versus normal weight individuals.

At five-year follow-up, 1,450 (9.2%) deaths were reported 
(683 [47.1%] cardiac and 767 [52.9%] non-cardiac) along with 
1,762 (9.4%) ischaemia-driven TLR, 1,543 (14.6%) NTLR, 876 
(4.8%) MIs, and 385 (2.1%) definite/probable stent thrombosis 
(Supplementary Table 2).

Kaplan-Meier curves for outcomes across BMI subgroups are 
presented in Figure 1 with unadjusted and adjusted hazard ratios 
(HR) summarised in Figure 2, Figure 3 and Supplementary 
Table 3. Spline curves representing the association of BMI with 
unadjusted and adjusted risk of study outcomes are shown in 
Supplementary Figure 1 and Supplementary Figure 2. Unadjusted 
all-cause mortality was twofold higher in underweight (HR 2.15, 
95% confidence interval [CI]: 1.38-3.33) and was lower in over-
weight (HR 0.75, 95% CI: 0.66-0.85), obese Class I (HR 0.67, 
95% CI: 0.57-0.78), and obese Class II patients (HR 0.70, 95% 
CI: 0.57-0.87) versus normal weight individuals. After adjustment, 
overweight and Class I obesity remained related with lower all-
cause mortality (HR 0.83, 95% CI: 0.71-0.96, and HR 0.83, 95% 
CI: 0.69-0.99, respectively).

Table 1. Baseline characteristics and clinical presentation.

Underweight 
n=137, 0.5%

Normal weight 
n=4,997, 21.8%

Overweight 
n=9,665, 42.2%

Obese
Overall 
p-valueClass I 

n=5,318, 23.2%
Class II 

n=1,903, 8.3%
Class III 

n=902, 3.9%

Body mass index, kg/m2 17.0±1.5 23.1±1.5 27.4±1.4 32.1±1.4 37.1±1.4 44.4±4.6 <0.0001

Weight, kg 50.3±7.0 68.2±9.1 82.1±9.6 95.4±11.5 107.8±14.1 124.4±19.1 <0.0001

Height, cm 172.0±11.3 171.4±9.5 172.7±9.1 172.1±9.9 170.2±10.8 167.2±11.9 <0.0001

Body surface area, m2 1.6±0.2* 1.8±0.2 2.0±0.2# 2.1±0.2‡ 2.2±0.2§ 2.3±0.3¶ <0.0001

Age, years 66.5±11.8 64.8±11.5 63.4±10.9# 61.5±10.5‡ 60.0±10.6§ 58.3±10.0¶ <0.0001

Male 70 (51.1)* 3,399 (68.0) 7,496 (77.6)# 3,892 (73.2)‡ 1,210 (63.6)§ 473 (52.4)¶ <0.0001

Risk factors

Diabetes mellitus 15 (10.9) 660/4,995 (13.2) 1,919/9,656 (19.9)# 1,590/5,316 (29.9)‡ 876/1,902 (46.1)§ 503/900 (55.9)¶ <0.0001

Insulin-treated 5 (3.6) 165/4,995 (3.3) 489/9,656 (5.1)# 471/5,316 (8.9)‡ 299/1,902 (15.7)§ 194/900 (21.6)¶ <0.0001

Current smoker 58/136 (42.6)* 1,704/4,970 (34.3) 2,621/9,590 (27.3)# 1,344/5,258 (25.6)‡ 438/1,885 (23.2)§ 197/884 (22.3)¶ <0.0001

Hypertension 69 (50.4) 2,660/4,991 (53.3) 5,938/9,652 (61.5)# 3,829/5,314 (72.1)‡ 1,516/1,902 (79.7)§ 775/901 (86.0)¶ <0.0001

Hyperlipidaemia 70/136 (51.5) 2,661/4,969 (53.6) 5,897/9,603 (61.4)# 3,586/5,274 (68.0)‡ 1,346/1,887 (71.3)§ 681/896 (76.0)¶ <0.0001

Clinical history

Prior CABG 10 (7.3) 331/4,994 (6.6) 782/9,663 (8.1)# 491/5,317 (9.2)‡ 170/1,902 (8.9)§ 81 (9.0)¶ <0.0001

Prior PCI 25/136 (18.4) 901/4,981 (18.1) 2,034/9,617 (21.2)# 1,233/5,293 (23.3)‡ 481/1,891 (25.4)§ 220/897 (24.5)¶ <0.0001

Prior MI 25 (18.2) 991/4,962 (20.0) 2,114/9,565 (22.1)# 1,189/5,264 (22.6)‡ 430/1,884 (22.8)§ 206/887 (23.2)¶ 0.009

Clinical presentation

Acute coronary syndromes 86/132 (65.2) 3,008/4,809 (62.5) 5,417/9,230 (58.7)# 2,728/5,022 (54.3)‡ 910/1,751 (52.0)§ 389/817 (47.6)¶ <0.0001

STEMI 38 (27.7) 1,206 (24.1) 1,868/9,663 (19.3)# 811 (15.3)‡ 180 (9.5)§ 51 (5.7)¶ <0.0001

NSTEMI 18 (13.1) 812 (16.2) 1,519/9,663 (15.7) 694 (13.1)‡ 229 (12.0)§ 90 (10.0)¶ <0.0001

Unstable angina 30/132 (22.7) 990/4,809 (20.6) 2,030/9,230 (22.0) 1,223/5,022 (24.4)‡ 501/1,751 (28.6)§ 248/817 (30.4)¶ <0.0001

Stable CAD 46/132 (34.8) 1,801/4,809 (37.5) 3,813/9,230 (41.3)# 2,294/5,022 (45.7)‡ 841/1,751 (48.0)§ 428/817 (52.4)¶ <0.0001

Values are mean±standard deviation, n (%), or otherwise indicated. *p<0.05 for comparison between underweight and normal weight patients; #p<0.05 for comparison between overweight 
and normal weight patients; ‡p<0.05 for comparison between patients with Class I obesity and normal weight patients; §p<0.05 for comparison of patients with Class II obesity and normal 
weight patients; ¶p<0.05 for comparison of patients with Class III obesity and normal weight patients. CABG: coronary artery bypass grafting; CAD: coronary artery disease; IQR: interquartile 
range; MI: myocardial infarction; NSTEMI: non-ST-elevation myocardial infarction; PCI: percutaneous coronary intervention; STEMI: ST-elevation myocardial infarction
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Rates of cardiac death were higher in underweight (HR 2.65, 
95% CI: 1.44-4.89) and lower in obese Class I patients (HR 0.79, 
95% CI: 0.63-0.99) versus normal weight individuals. After 
multivariable adjustment, excess body weight was associated with 
higher cardiac mortality, statistically most significant for Class III 
obesity (HR 1.62, 95% CI: 1.05-2.51).

Unadjusted non-cardiac death was markedly lower in over-
weight (HR 0.67, 95% CI: 0.56-0.80) and obese Class I to III 
patients (HR 0.57, 0.65, and 0.48, respectively) versus normal 
weight patients. The trend persisted after adjustment, and over-
weight remained associated with improved non-cardiac mortality 
(HR 0.77, 95% CI: 0.63-0.94).

There were no differences in unadjusted and adjusted rates of 
ischaemia-driven TLR across BMI subgroups; however, rates of 
NTLR were higher for overweight (HR 1.16, 95% CI: 1.01-1.35) 
and Class I to III obesity subgroups (HR 1.41, 1.85, and 1.47, 
respectively). After adjustment, obesity Class II was an independ-
ent predictor of NTLR (HR 1.28, 95% CI: 1.04-1.58). No dif-
ferences were found in rates of MI across BMI categories. The 
unadjusted risk of definite/probable stent thrombosis was lower 
in the Class II obesity versus normal weight subgroups (HR 0.60, 

95% CI: 0.37-0.96). After adjustment, none of the BMI subgroups 
was associated with a risk of stent thrombosis. The unadjusted 
and adjusted adverse event rates were similar when only studies 
with five-year follow-up were included (Supplementary Table 4, 
Supplementary Table 5, Supplementary Figure 3).

Subgroup analyses of patients treated with second-gener-
ation DES and other stents were performed (Supplementary 
Table 6, Supplementary Table 7). We found no significant inter-
action between the use of second-generation DES and adjusted 
study outcomes at five years, except for ischaemia-driven TLR 
(pinteraction=0.04) (Supplementary Table 8). Similarly, no signi-
ficant interaction regarding study outcomes was found with age 
(<65 vs ≥65 years), sex, BMS (vs DES) and clinical presenta-
tion (STEMI and NSTEMI vs stable and unstable angina) with 
the exception of stent thrombosis that was more prevalent in 
patients with biomarker-positive presentation (pinteraction<0.001) 
(Supplementary Table 8, Supplementary Table 9). Comparison 
of clinical and procedural characteristics, as well as unadjusted 
five-year outcomes of patients with and without available BMI 
data, are shown in Supplementary Table 10-Supplementary 
Table 12.

Table 2. Quantitative coronary angiography and procedural characteristics.

 
Underweight 
n=137, 0.5%

Normal weight 
n=4,997, 21.8%

Overweight 
n=9,665, 42.2%

Obese
Overall 
p-valueClass I 

n=5,318, 23.2%
Class II 

n=1,903, 8.3%
Class III 

n=902, 3.9%

Baseline 

Reference vessel diameter, mm 2.76±0.53 2.73±0.71 2.76±0.81# 2.78±0.52‡ 2.77±0.51§ 2.78±0.51¶ 0.01

Minimum lumen diameter, mm 0.71±0.48 0.68±0.46 0.70±0.46 0.73±0.45‡ 0.76±0.44§ 0.81±0.44¶ <0.0001

Diameter stenosis, % 74.6±16.5 76.1±17.0 75.8±16.4 75.0±15.9‡ 73.4±15.2§ 71.3±14.5¶ <0.0001

Lesion length, mm 16.9±10.7 17.5±11.9 17.5±11.8 16.7±10.6‡ 15.9±9.6§ 15.1±8.3¶ <0.0001

Tortuosity 5/75 (6.7) 127/2,074 (6.1) 254/3,854 (6.6) 153/2,281 (6.7) 72/869 (8.3)§ 42/457 (9.2)¶ 0.11

Calcification 54/126 (42.9) 1,544/4,358 (35.4) 2,760/8,491 (32.5)# 1,453/4,801 (30.3)‡ 472/1,747 (27.0)§ 208/853 (24.4)¶ <0.0001

ACC/AHA type C lesion 57/125 (45.6) 1,960/4,526 (43.3) 3,636/8,877 (41.0)# 1,891/4,983 (37.9)‡ 597/1,781 (33.5)§ 247/859 (28.8)¶ <0.0001

TIMI 3 flow 89/125 (71.2) 3,436/4,528 (75.9) 6,868/8,880 (77.3) 4,025/4,986 (80.7)‡ 1,514/1,783 (84.9)§ 768/860 (89.3)¶ <0.0001

Final

Number of 
treated 
lesions

1 114/136 (83.8) 3,976/4,978 (79.9) 7,639/9,623 (79.4) 4,232/5,300 (79.8) 1,543/1,897 (81.3) 760/899 (84.5)¶ 0.004

2 19/136 (14.0) 792/4,978 (15.9) 1,575/9,623 (16.4) 872/5,300 (16.5) 294/1,897 (15.5) 113/899 (12.6)¶ 0.07

≥3 3/136 (2.2) 209/4,978 (4.2) 409/9,623 (4.3) 195/5,300 (3.7) 60/1,897 (3.2) 26/899 (2.9) 0.052

Stent type Bare metal 23/136 (16.9) 686/4,956 (13.8) 1,193/9,593 (12.4)# 636/5,280 (12.0)‡ 212/1,888 (11.2)§ 92/888 (10.4) 0.003

Drug-eluting 111/136 (81.6) 4,196/4,956 (84.7) 8,263/9,593 (86.1)# 4,567/5,280 (86.5)‡ 1,639/1,888 (86.8)§ 778/888 (87.6) 0.02

First-generation 50/136 (36.8) 1,722/4,956 (34.7) 3,325/9,593 (34.7) 1,919/5,280 (36.3) 744/1,888 (39.4)§ 347/888 (39.1) 0.0003

Second-generation 61/136 (44.9) 2,474/4,956 (49.9) 4,938/9,593 (51.5) 2,648/5,280 (50.2) 60/1,888 (47.4) 431/888 (48.5) 0.01

Total stent length, mm 29.1±19.7 32.1±22.8 32.3±23.5 29.9±20.5‡ 28.5±18.7§ 25.8±14.8¶ <0.0001

Minimum lumen diameter, mm 2.26±0.50 2.27±0.72 2.30±0.89 2.33±0.92‡ 2.31±0.65§ 2.30±0.54 0.051

Diameter stenosis, % 17.1±11.4 16.6±11.7 16.6±11.3 16.7±11.1 16.9±10.2 18.0±10.2¶ 0.04

TIMI 3 flow 120/124 (96.8) 4,392/4,525 (97.1) 8,636/8,869 (97.4) 4,864/4,977 (97.7)‡ 749/1,780 (98.3)§ 844/858 (98.4)¶ 0.03

Values are mean±standard deviation or n/N (%). *p<0.05 for comparison between underweight and normal weight patients; #p<0.05 for comparison between overweight and normal weight 
patients; ‡p<0.05 for comparison between patients with Class I obesity and normal weight patients; §p<0.05 for comparison of patients with Class II obesity and normal weight patients; 
¶p<0.05 for comparison of patients with Class III obesity and normal weight patients. ACC: American College of Cardiology; AHA: American Heart Association; TIMI: Thrombolysis In Myocardial 
Infarction
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Figure 1. Kaplan-Meier curves stratified by body mass index.
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Figure 2. Unadjusted and adjusted risk of study outcomes according to body mass index. Normal weight was used as a reference. 
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Discussion
The main findings of this large study using pooled patient-level 
data from 13 RCTs evaluating long-term outcomes after PCI are 
as follows. (i) Despite adjustment for multiple clinical, angio-
graphic, and procedural confounders, BMI-determined over-
weight and moderate obesity were associated with a significantly 
lower long-term all-cause and non-cardiac mortality versus nor-
mal weight patients undergoing PCI. (ii) Conversely, cardiac death 
was not reduced in overweight and moderately obese patients but 
was significantly higher in morbidly obese individuals. (iii) A high 
BMI was associated with an increased risk of NTLR, but not with 
rates of ischaemia-driven repeat target lesion PCI, spontaneous 
MI, or stent thrombosis. (iv) Underweight patients comprised 
a small fraction of PCI subjects; they had the highest long-term 
mortality.

The advantage of the present study over previously published 
reports is in providing data not only on all-cause mortality, but also 
on centrally adjudicated cardiac and non-cardiac causes of death. 
Moreover, the large amount of clinical and procedural informa-
tion available for patients enrolled in the analysed RCTs allowed 
adequate statistical adjustment. In the largest single study to date 
(N=345,192), Holroyd et al6 reported that overweight and obe-
sity (BMI >30 kg/m2) were independent predictors of lower all-
cause five-year mortality. However, the study did not distinguish 
between cardiac and non-cardiac death, similar to the study by 
Hastie et al7 which reported significantly lower adjusted five-year 

all-cause mortality of overweight, but not obese patients undergo-
ing elective PCI. All-cause and cardiac mortality were evaluated 
in a pooled patient-level analysis of women undergoing PCI in 
26 RCTs reported by Faggioni et al8, revealing the association of 
higher BMI with lower all-cause, but not cardiac mortality.

Likewise, we reported a significant overall (cardiac and non-
cardiac) mortality benefit to being overweight or obese. However, 
unlike these studies we revealed that only non-cardiac mortality was 
significantly lower; we found higher cardiac mortality in the high-
est BMI (>40 kg/m2) versus normal weight individuals. This finding 
confirms the results of a large meta-analysis (N=250,152) showing 
that severe obesity (BMI >35 kg/m2) was an independent predictor 
of higher cardiovascular mortality versus normal weight (relative 
risk 1.88, 95% CI: 1.05-3.34)2. Thus, the obesity paradox applies 
only to non-cardiac mortality, but not to cardiac mortality post PCI.

Aside from providing clarification on mortality patterns, our 
analysis revealed an association between BMI and higher rates of 
NTLR, a surrogate of CAD progression. This explanation seems 
plausible, given the higher prevalence of comorbidities and cardio-
vascular risk factors in obese patients as well as the previously 
reported association between obesity and accelerated development 
of CAD9. Conversely, the reduced anatomical complexity of CAD 
in obese patients was probably due to younger age of presentation 
versus normal weight counterparts. Closer medical attention and 
potentially a lower threshold for follow-up in secondary preven-
tion of obese patients may also contribute to this effect10.

Adjusted HR (95% CI)

All-cause death
Underweight
Normal weight
Overweight
Obesity Class I
 Class II
 Class III

Favourable outcome
0.5 1.0 1.5 2.0 2.5

Unfavourable outcome

Cardiac death
Underweight
Normal weight
Overweight
Obesity Class I
 Class II
 Class III

Non-cardiac death
Underweight
Normal weight
Overweight
Obesity Class I
 Class II
 Class III

1.62 (0.96-2.73)
1.00 (reference)
0.83 (0.71-0.96)
0.83 (0.69-0.99)
1.00 (0.79-1.28)
1.25 (0.91-1.71)

2.04 (0.95-4.38)
1.00 (reference)
0.92 (0.73-1.16)
0.89 (0.67-1.17)
1.11 (0.77-1.60)
1.62 (1.05-2.51)

1.41 (0.69-2.87)
1.00 (reference)
0.77 (0.63-0.94)
0.80 (0.63-1.02)
0.96 (0.69-1.34)
0.99 (0.62-1.59)

Figure 3. Adjusted all-cause, cardiac and non-cardiac mortality five years after percutaneous coronary intervention. Box sizes represent 
number of patients in each BMI subgroup. HR: hazard ratio
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In the current analysis there was no association between BMI 
and long-term risk of ischaemic TLR. Several previous trials 
assessing outcomes post PCI reported significant associations 
between higher BMI and increased risk of TLR and target ves-
sel revascularisation11,12; however, the studies comprised mostly 
data on patients treated with bare metal stents. In studies report-
ing outcomes post DES, a high BMI was not associated with an 
increased risk of TLR or target vessel revascularisation13,14. One 
meta-analysis combining 15 studies (N=49,002) revealed a lin-
ear relationship between a higher BMI and any repeat revascu-
larisation without categorisation into TLR and NTLR; however, 
again this was no longer significant when only patients treated 
with DES were included15. In the only previous study that dis-
tinguished TLR from NTLR, Wang et al16 analysed outcomes of 
6,083 patients (median 26-month follow-up) undergoing elective 
PCI with DES and reported a significant association of a higher 
BMI with higher risk of NTLR, but not TLR, concordant with our 
results. Moreover, fewer calcifications, shorter lesion length, and 
larger reference vessel size in high BMI patients may contribute to 
good acute and long-term stent results.

The higher long-term mortality observed in our study in under-
weight versus normal weight individuals was largely consistent 
with previous reports2,6-8. The underweight population was char-
acterised by the most advanced age, highest proportion of women, 
current smokers, and unstable clinical presentation, and the most 
coronary calcification. These are known predictors of worse out-
comes following PCI. We hypothesise that underweight patients 
bear either advanced cardiovascular disease (e.g., chronic insulin-
dependent diabetes) or some non-cardiovascular comorbidities 
affecting nutrition status (i.e., illness-related weight loss) despite 
the fact that patients diagnosed with cancer or other severe chronic 
illnesses were not included in most stent trials. Low BMI is also 
associated with greater response to antiplatelet and anticoagulant 
pharmacotherapy, leading to increased risk of bleeding events, 
which might have contributed to higher mortality10,17.

The absence of significant interaction between second-gener-
ation DES and study outcomes indicated that the observed rela-
tionships of BMI and all-cause, cardiac, and non-cardiac mortality 
as well as NTLR can be applied to contemporary clinical prac-
tice, largely dominated by newer DES platforms. The only signi-
ficant interaction of stent type was with ischaemia-driven TLR. 
However, it seemed to be driven mainly by differences in the BMI 
<18.5 group (Supplementary Table 4, Supplementary Table 5), 
the group with the smallest sample size, thus possibly occurring 
by chance.

Finally, hazard ratios of all-cause, cardiac, and non-cardiac 
death across BMI subgroups form U-shaped curves (Figure 2), 
with the lowest number of events corresponding to overweight 
patients (25 ≤BMI <30 kg/m2). Many potential reasons for this 
apparent survival benefit have been suggested. The first is purely 
mechanistic and includes statistical explanations such as unmeas-
ured confounders, reverse causation, and collider stratification 
bias, all described in detail elsewhere18. Despite selecting multiple 

covariates with potential impact on ischaemic outcomes for the 
multivariate Cox regression model, it is likely that some were not 
accounted for. However, as the adjustment revealed significant 
reduction of the point estimates observed in the unadjusted data, 
we hypothesise that most causes of improved survival in over-
weight patients are favourable differences in comorbidities, clini-
cal presentation, and procedural factors. Second is the inherent 
limitation of BMI as a measure of obesity, as it does not differen-
tiate whether the excess weight comes from fat or muscle. Other 
anatomical measures such as waist circumference or waist-to-hip 
ratio might give a better estimation of abdominal obesity because 
they have been shown to predict adverse outcomes independently 
of BMI; however, to date there are no studies assessing long-term 
prognosis of patients with CAD in relation to those indices. Third, 
the overweight subgroup was by far the largest (42.2%), twice the 
size of the normal weight reference (21.8%); therefore, it may be 
argued that this represents the “new normal”.

Study limitations
First, the studied cohort included only patients enrolled in RCTs 
who usually represent a lower-risk population. Second, no data on 
renal function, non-cardiac comorbidities, medications, PCI access 
site, or bleeding outcomes were available in our pooled data set. 
Third, possible changes in BMI at follow-up were not accounted 
for. Fourth, MI definitions varied among the studies, not surpris-
ing considering the time course in which these studies were con-
ducted. Some of the associations might have occurred by chance 
due to multiple testing. Finally, we used BMI as a measure of obe-
sity, reflecting body size, but could not assess its composition, 
including the amount of fatty tissue.

Conclusions
Our results from a large pooled patient-level analysis confirm the 
long-term survival benefit seen in overweight and moderately obese 
patients versus normal weight controls post PCI. The main con-
tributor to the overall survival benefit was non-cardiac death; we 
found no protective effect of high BMI on cardiac death. Patients 
with high BMI represented a higher risk of NTLR, but not TLR.

Impact on daily practice
Interventional cardiologists should no longer consider obese 
patients with stable CAD being at lower risk of adverse cardio-
vascular outcomes versus normal weight individuals. Even 
though patients with moderately increased BMI have improved 
long-term all-cause mortality post PCI, this results mostly from 
lower non-cardiac mortality as there was no significant asso-
ciation of BMI and the risk of MI, TLR, and stent thrombosis. 
Conversely, patients with severe obesity were at higher risk of 
both cardiac death and NTLR. Obese patients undergoing PCI 
should therefore receive adequate information on their risk of 
cardiovascular events and professional counselling about safe 
and effective ways to lose weight.
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Supplementary Figure 2. Spline curves representing the association of BMI and adjusted risk of study 

outcomes. Hazard ratios are referenced to normal BMI.  



 

 

 

Supplementary Figure 3. Kaplan-Meier curves according to body mass index in 10 studies with 5-year 

follow-up (n=13,752). 

Unadjusted Kaplan-Meier curves (5-year follow-up) according to body mass index for (A) all-cause death; 

(B) cardiac death; (C) non-cardiac death; (D) ischaemia-driven target lesion revascularisation (TLR); (E) non-

target lesion revascularisation (NTLR); (F) myocardial infarction (MI); and (G) definite/probable stent 

thrombosis. 

 



Supplementary Table 1. Clinical trial characteristics. 

Trial N 
Patients with 

BMI data  

Clinical 

presentation 
Stents used 

Follow-

up, yrs 

Any 

revascularisation 

reported 

NTLR 

reported 

TAXUS II 399 380 Stable CAD TAXUS, BMS 5 Yes No 

TAXUS IV 1,314 1,277 Stable CAD or UA TAXUS, BMS 5 No No 

TAXUS V 1,156 1,116 Stable CAD or UA TAXUS, BMS 5 Yes No 

SPIRIT III 1,002 974 Stable CAD or UA XIENCE, TAXUS 5 Yes Yes 

ACUITY 7,789 2,575 NSTEMI or UA 
TAXUS, 

CYPHER, BMS 
1 No No 

HORIZONS-AMI 3,006 2,968 STEMI TAXUS, BMS 3 Yes Yes 

COMPARE 1,800 1,760 
Stable CAD, UA, 

NSTEMI, or STEMI 
XIENCE, TAXUS 5 Yes Yes 

ENDEAVOR IV 1,548 1,522 Stable CAD or UA Endeavor, TAXUS 5 Yes Yes 

SPIRIT IV 3,687 3,627 Stable CAD or UA XIENCE, TAXUS 3 Yes Yes 

COMPARE II 2,707 2,663 
Stable CAD, UA, 

NSTEMI, or STEMI 

Nobori, XIENCE, 

PROMUS 
5 Yes Yes 

PLATINUM 1,530 1,515 Stable CAD or UA 
PROMUS, 

XIENCE 
5 No No 

TWENTE 1,391 1,141 
Stable CAD, UA, or 

NSTEMI 
Resolute, XIENCE 5 Yes Yes 

TWENTE II 1,811 1,404  
Stable CAD, UA, 

NSTEMI, or STEMI 

Resolute, 

PROMUS 
5 Yes Yes 

BMS: bare metal stent; CAD: coronary artery disease; NTLR: non-target lesion revascularisation; NSTEMI: non-ST-segment elevation 

myocardial infarction; STEMI: ST-segment elevation myocardial infarction; UA: unstable angina  

  



 

Supplementary Table 2. Adverse event rates at 5-year follow-up. 

Values are presented as Kaplan-Meier estimate (number of events). *p<0.05 for comparison between underweight and normal weight patients; 

†p<0.05 for comparison between overweight and normal weight patients; ‡p<0.05 for comparison between patients with Class I obesity and 

normal weight patients; §p<0.05 for comparison of patients with Class II obesity and normal weight patients; ‖p<0.05 for comparison of patients 

with Class III obesity and normal weight patients; #definite or probable according to the Academic Research Consortium. 

NTLR: non-target lesion revascularisation; TLR: target lesion revascularisation 

  

 Underweight 
Normal 

weight 
Overweight 

Obese 
Overall 

p-value Class I Class II Class III 

All-cause death 20% (21)* 11.7% (391) 8.7% (584)† 7.8% (288)‡ 8.7% (109)§ 9.0% (57) <0.0001 

Cardiac death 12% (11)* 4.9% (164) 4.0% (279) 3.8% (143)‡ 4.0% (50) 5.3% (36) 0.0004 

Non-cardiac death 9.1% (10) 7.2% (227) 5.0% (305)† 4.2% (145)‡ 4.9% (59)§ 4.0% (21)‖ <0.0001 

Ischaemia-driven TLR 6.8% (8) 8.7% (355) 9.4% (750) 9.2% (406) 10.8% (170)§ 10.4% (73) 0.28 

NTLR 12.5% (8) 11.2% (259) 13.9% (601)† 15.7% (409)‡ 22.3% (194)§ 15.9% (72)‖ <0.0001 

Myocardial infarction 7.9% (8) 4.7% (188) 4.3% (343) 5.7% (231) 4.6% (70) 5.1% (36) 0.16 

Stent thrombosis# 5.0% (4) 2.2% (90) 2.0% (162) 2.3% (95) 1.5% (21)§ 1.7% (13) 0.24 



Supplementary Table 3. Unadjusted and adjusted hazard ratios of adverse outcomes at 5-year follow-up for BMI subgroups with normal 

weight individuals as the reference. 

Multivariable Cox proportional hazards model based on: age, sex, diabetes, smoking, hypertension, hyperlipidaemia, prior coronary artery bypass 

grafting, prior percutaneous coronary intervention, prior myocardial infarction, presentation with myocardial infarction (non–ST-segment 

elevation myocardial infarction or ST-segment elevation myocardial infarction), type and length of implanted stents, reference vessel diameter, 

moderate or severe calcifications, and number of treated lesions. *p<0.05 for comparison between underweight and normal weight patients; 

 
Underweight 

HR (95% CI) 

Normal 

weight 

Overweight 

HR (95% CI) 

Obese 

Class I 

HR (95% CI) 

Class II 

HR (95% CI) 

Class III 

HR (95% CI) 

All-cause death       

  Unadjusted 2.15 (1.38-3.33)* 1.00 0.75 (0.66-0.85)† 0.67 (0.57-0.78)‡ 0.70 (0.57-0.87)§ 0.76 (0.58-1.01) 

  Adjusted 1.62 (0.96-2.73) 1.00 0.83 (0.71-0.96)† 0.83 (0.69-0.99)‡ 1.00 (0.79-1.28) 1.25 (0.91-1.71) 

Cardiac death       

  Unadjusted 2.66 (1.44-4.89)* 1.00 0.86 (0.71-1.04) 0.79 (0.63-0.99)‡ 0.77 (0.55-1.05) 1.16 (0.81-1.67) 

  Adjusted 2.04 (0.95-4.38) 1.00 0.92 (0.73-1.16) 0.89 (0.67-1.17) 1.11 (0.77-1.60) 1.62 (1.05-2.51)‖ 

Non-cardiac death       

  Unadjusted 1.77 (0.94-3.33) 1.00 0.67 (0.56-0.80)† 0.57 (0.47-0.71)‡ 0.65 (0.49-0.87)§ 0.48 (0.31-0.75)‖ 

  Adjusted 1.41 (0.69-2.87) 1.00 0.77 (0.63-0.94)† 0.80 (0.63-1.02) 0.96 (0.69-1.34) 0.99 (0.62-1.59) 

Ischaemia-driven TLR       

  Unadjusted 0.89 (0.44-1.79) 1.00 1.08 (0.95-1.21) 1.05 (0.92-1.22) 1.25 (1.04-1.49)§ 1.11 (0.87-1.43) 

  Adjusted 0.91 (0.43-1.93) 1.00 1.12 (0.97-1.29) 0.97 (0.82-1.14) 1.01 (0.81-1.26) 0.96 (0.72-1.28) 

NTLR       

  Unadjusted 1.12 (0.56-2.27) 1.00 1.16 (1.01-1.35)† 1.41 (1.22-1.67)‡ 1.85 (1.53-2.22)§ 1.47 (1.14-1.92)‖ 

  Adjusted 0.94 (0.44-1.99) 1.00 1.06 (0.91-1.24) 1.09 (0.92-1.29) 1.28 (1.04-1.58)§ 0.91 (0.69-1.21) 

Myocardial infarction       

  Unadjusted 1.68 (0.83-3.42) 1.00 0.93 (0.78-1.11) 1.12 (0.93-1.37) 0.96 (0.73-1.27) 1.04 (0.73-1.49) 

  Adjusted 1.61 (0.71-3.66) 1.00 0.86 (0.69-1.05) 1.18 (0.94-1.49) 1.04 (0.75-1.44) 1.35 (0.90-2.03) 

Stent thrombosis#       

  Unadjusted 1.12 (0.56-2.27) 1.00 0.92 (0.71-1.19) 0.97 (0.73-1.30) 0.60 (0.37-0.96)§ 0.79 (0.44-1.41) 

  Adjusted 1.09 (0.27-4.44) 1.00 0.87 (0.65-1.17) 1.11 (0.80-1.56) 0.73 (0.42-1.27) 1.07 (0.55-2.10) 



†p<0.05 for comparison between overweight and normal weight patients; ‡p<0.05 for comparison between patients with Class I obesity and 

normal weight patients; §p<0.05 for comparison of patients with Class II obesity and normal weight patients; ‖p<0.05 for comparison of patients 

with Class III obesity and normal weight patients; #definite or probable according to the Academic Research Consortium. 

CI: confidence interval; HR: hazard ratio; NTLR: non-target lesion revascularisation; TLR: target lesion revascularisation 

 

  



Supplementary Table 4. Adverse event rates at 5-year follow-up for 10 studies with 5-year follow-up (n=13,752). 

Values are presented as Kaplan-Meier estimate (number of events). *p<0.05 for comparison between underweight and normal weight patients; 

†p<0.05 for comparison between overweight and normal weight patients; ‡p<0.05 for comparison between patients with Class I obesity and 

normal weight patients; §p<0.05 for comparison of patients with Class II obesity and normal weight patients; ‖p<0.05 for comparison of patients 

with Class III obesity and normal weight patients; #definite or probable according to the Academic Research Consortium. 

NTLR: non-target lesion revascularisation; TLR: target lesion revascularisation 

  

 Underweight 
Normal 

weight 
Overweight 

Obese 
Overall 

p-value Class I Class II Class III 

All-cause death 17.9% (10) 11.3% (282) 8.3% (409)† 8.2% (214)‡ 8.8% (75)§ 8.6% (37) 0.0001 

Cardiac death 13.0% (7)* 4.8% (117) 3.8% (190) 4.1% (107) 4.0% (33) 5.0% (22) 0.01 

Non-cardiac death 5.7% (3) 6.8% (165) 4.7% (219)† 4.3% (107)‡ 5.0% (42) 3.8% (15) 0.0003‖ 

Ischaemia-driven TLR 3.2% (2) 7.1% (196) 8.6% (462)† 8.6% (241)‡ 10.6% (98)§ 10.9% (48) 0.005‖ 

NTLR 9.8% (3) 8.7% (110) 11.6% (278)† 14.3% (192)‡ 21.3% (93)§ 16.8% (35) <0.0001‖ 

Myocardial infarction 5.8% (3) 4.1% (110) 4.0% (210) 5.6% (149)‡ 4.0% (37) 5.2% (23) 0.07 

Stent thrombosis# 2.6% (1) 1.9% (51) 1.6% (84) 2.1% (55) 1.0% (9) 1.1% (5) 0.30 



Supplementary Table 5. Unadjusted and adjusted hazard ratios of adverse outcomes at 5-year follow-up for BMI subgroups with normal 

weight individuals as the reference for 10 studies with 5-year follow-up (n=13,752). 

Multivariable Cox proportional hazards model based on: age, sex, diabetes, smoking, hypertension, hyperlipidaemia, prior coronary artery bypass 

grafting, prior percutaneous coronary intervention, prior myocardial infarction, presentation with myocardial infarction (non–ST-segment 

elevation myocardial infarction or ST-segment elevation myocardial infarction), type and length of implanted stents, reference vessel diameter, 

moderate or severe calcifications, and number of treated lesions. *p<0.05 for comparison between underweight and normal weight patients; 

†p<0.05 for comparison between overweight and normal weight patients; ‡p<0.05 for comparison between patients with Class I obesity and 

 
Underweight 

HR (95% CI) 

Normal 

weight 

Overweight 

HR (95% CI) 

Obese 

Class I 

HR (95% CI) 

Class II 

HR (95% CI) 

Class III 

HR (95% CI) 

All-cause death       

  Unadjusted 1.68 (0.89-3.15) 1.00 0.73 (0.63-0.85)† 0.72 (0.61-0.86)† 0.75 (0.58-0.97)§ 0.76 (0.54-1.06) 

  Adjusted 1.55 (0.80-3.03) 1.00 0.80 (0.67-0.96)† 0.90 (0.73-1.11) 1.08 (0.81-1.43) 1.25 (0.86-1.82) 

Cardiac death       

  Unadjusted 2.82 (1.32-6.06)* 1.00 0.82 (0.64-1.03) 0.88 (0.68-1.14) 0.79 (0.54-1.18) 1.10 (0.69-1.72) 

  Adjusted 2.73 (1.19-6.28)* 1.00 0.89 (0.68-1.17) 0.96 (0.70-1.33) 1.15 (0.75-1.77) 1.64 (0.97-2.75) 

Non-cardiac death       

  Unadjusted 0.86 (0.28-2.70) 1.00 0.67 (0.55-0.82)† 0.62 (0.48-0.79)‡ 0.72 (0.51-1.01) 0.52 (0.31-0.88)‖ 

  Adjusted 0.84 (0.27-2.64) 1.00 0.74 (0.59-0.94)† 0.85 (0.64-1.12) 1.03 (0.70-1.52) 0.97 (0.56-1.70) 

Ischaemia-driven TLR       

  Unadjusted 0.48 (0.12-1.93) 1.00 1.22 (1.03-1.43)† 1.22 (1.01-1.47)‡ 1.54 (1.20-1.96)§ 1.54 (1.11-2.08)‖ 

  Adjusted 0.49 (0.12-1.98) 1.00 1.19 (0.99-1.43) 1.00 (0.80-1.24) 1.07 (0.82-1.42) 1.02 (0.72-1.45) 

NTLR       

  Unadjusted 1.36 (0.43-4.27) 1.00 1.30 (1.04-1.61)† 1.75 (1.37-2.22)‡ 2.56 (1.96-3.44)§ 2.08 (1.43-3.03)‖ 

  Adjusted 1.29 (0.41-4.09) 1.00 1.07 (0.84-1.36) 1.15 (0.89-1.49) 1.39 (1.02-1.89)§ 0.94 (0.62-1.43) 

Myocardial infarction       

  Unadjusted 1.30 (0.41-4.10) 1.00 0.97 (0.78-1.22) 1.32 (1.03-1.69)‡ 1.01 (0.69-1.44) 1.30 (0.83-2.04) 

  Adjusted 1.54 (0.49-4.90) 1.00 0.84 (0.64-1.10) 1.30 (0.98-1.74) 0.93 (0.61-1.43) 1.47 (0.89-2.41) 

Stent thrombosis#       

  Unadjusted N/A 1.00 0.84 (0.59-1.19)† 1.05 (0.71-1.54) 0.52 (0.26-1.05) 0.60 (0.24-1.5) 

  Adjusted N/A 1.00 0.71 (0.47-1.06) 1.03 (0.66-1.62) 0.45 (0.20-1.03) 0.72 (0.27-1.91) 



normal weight patients; §p<0.05 for comparison of patients with Class II obesity and normal weight patients; ‖p<0.05 for comparison of patients 

with Class III obesity and normal weight patients; #definite or probable according to the Academic Research Consortium.  

CI: confidence interval; HR: hazard ratio; NTLR: non-target lesion revascularisation; TLR: target lesion revascularisation 

  



Supplementary Table 6. Adverse event rates at 5-year follow-up in patients treated with second-generation DES. 

 Underweight 
Normal 

weight 
Overweight 

Obese 
Overall 

p-value Class I Class II Class III 

All-cause death 11.8% (6) 10.7% (190) 7.8% (280)† 7.6% (148)‡ 8.3% (52)§ 9.7% (33) 0.005 

Cardiac death 10.3% (5) 4.6% (83) 3.3% (123)† 3.9% (78) 3.8% (25) 5.7% (21) 0.007 

Non-cardiac death 1.7% (1) 6.4% (107) 4.7% (157)† 3.8% (70)‡ 4.7% (27) 4.2% (12) 0.01 

Ischaemia-driven TLR 1.7% (1) 5.9% (116) 6.9% (280) 6.3% (142) 9.1% (67)§ 8.5% (32) ‖ 0.02 

NTLR 9.6% (3) 8.1% (93) 12.6% (283)† 14.9% (224)‡ 22.4% (110)§ 17.0% (46)‖ <0.0001 

Myocardial infarction 8.2% (4)* 2.6% (56) 3.4% (137) 4.6% (99)‡ 3.7% (26) 4.7% (16) 0.02 

Stent thrombosis# 4.2% (1) 1.2% (25) 1.3% (48) 1.7% (35) 1.3% (9) 1.0% (4) 0.80 

Values are presented as Kaplan-Meier estimate (number of events). *p<0.05 for comparison between underweight and normal weight patients; 

†p<0.05 for comparison between overweight and normal weight patients; ‡p<0.05 for comparison between patients with Class I obesity and 

normal weight patients; §p<0.05 for comparison of patients with Class II obesity and normal weight patients; ‖p<0.05 for comparison of patients 

with Class III obesity and normal weight patients; #definite or probable according to the Academic Research Consortium. 

NTLR: non-target lesion revascularisation; TLR: target lesion revascularisation 

  



Supplementary Table 7. Adverse event rates at 5-year follow-up in patients treated with BMS and first-generation DES. 

 Underweight 
Normal 

weight 
Overweight 

Obese 
Overall 

p-value Class I Class II Class III 

All-cause death 27.0% (14)* 12.7% (199) 9.7% (301)† 8.0% (140)‡ 9.3% (57)§ 8.2% (24)‖ <0.0001 

Cardiac death 12.1% (5) 5.2% (81) 4.6% (153) 3.5% (65) 4.3% (25) 4.7% (15) 0.055 

Non-cardiac death 16.9% (9)* 7.9% (118) 5.3% (148)† 4.6% (75)‡ 5.2% (32)§ 3.7% (9)‖ 0.01 

Ischaemia-driven TLR 12.2% (7) 11.9% (236) 12.0% (463) 12.2% (259) 12.3% (102) 12.0% (40) 0.94 

NTLR 13.0% (5) 14.7% (166) 15.5% (318) 16.9% (185) 21.9% (84)§ 14.0% (26) 0.15 

Myocardial infarction 6.2% (4) 7.1% (132) 5.5% (205) 6.9% (130) 5.7% (44) 5.2% (19) 0.43 

Stent thrombosis# 4.9% (3) 3.4% (65) 2.9% (114) 2.9% (60) 1.8% (12)§ 2.4% (9) 0.13 

Values are presented as Kaplan-Meier estimate (number of events). *p<0.05 for comparison between underweight and normal weight patients; 

†p<0.05 for comparison between overweight and normal weight patients; ‡p<0.05 for comparison between patients with Class I obesity and 

normal weight patients; §p<0.05 for comparison of patients with Class II obesity and normal weight patients; ‖p<0.05 for comparison of patients 

with Class III obesity and normal weight patients; #definite or probable according to the Academic Research Consortium. 

NTLR: non-target lesion revascularisation; TLR: target lesion revascularisation 

  



Supplementary Table 8. Interaction of BMI with sex and stent type for study outcomes at 5-year follow-up. 

 

NTLR: non-target lesion revascularisation; TLR: target lesion revascularisation 

 

 
p-value for interaction of BMI  

with sex 

p-value for interaction of BMI  

with DES (1st and 2nd generation) 
p-value for interaction of BMI  

with 2nd generation DES 

 Unadjusted  Adjusted Unadjusted Adjusted Unadjusted Adjusted 

All-cause death 0.056 0.09 0.13 0.24 0.13 0.39 

Cardiac death 0.32 0.13 0.057 0.19 0.12 0.27 

Non-cardiac death 0.18 0.13 0.31 0.36 0.30 0.52 

Ischaemia-driven TLR 0.25 0.44 0.61 0.06 0.19 0.04 

NTLR 0.92 0.50 0.53 0.65 0.05 0.08 

Myocardial infarction 0.31 0.62 0.67 0.44 0.053 0.07 

Stent thrombosis 0.03 N/A 0.44 0.59 0.68 0.78 



Supplementary Table 9. Interaction of BMI with age and clinical presentation for study outcomes at 5-year follow-up. 

 

 

 

 

 

 

 

 

 

 

NTLR: non-target lesion revascularisation; TLR: target lesion revascularisation 

  

 
p-value for interaction of BMI  

with age (<65 vs ≥65 years) 

p-value for interaction of BMI  

with clinical presentation  

(STEMI/NSTEMI vs stable/unstable angina) 

 Unadjusted  Adjusted Unadjusted Adjusted 

All-cause death 0.32 0.53 0.15 0.53 

Cardiac death 0.10 0.34 0.17 0.29 

Non-cardiac death 0.91 0.97 0.06 0.43 

Ischaemia-driven TLR 0.04 0.36 0.10 0.18 

NTLR 1.00 0.97 0.73 0.53 

Myocardial infarction 0.31 0.37 0.09 0.19 

Stent thrombosis 0.24 0.43 0.58 <0.001 



Supplementary Table 10. Baseline characteristics and clinical presentation in patients with and 

without available BMI data. 

 
BMI 

n=22,922, 71.5% 

No BMI 

n=9,153, 28.5% 
p-value 

Age, years 62.8±11.0 62.4±11.2 0.003 

Male 72.2% (16,540/22,922) 72.3% (23,192/32,070) 0.31 

Race    

  White 92.0% (14,121/15,345) 92.0% (5,916/6,429) 0.99 

  Hispanic or Latino 1.8% (271/15,345) 2.8% (183/6,429) <0.0001 

  Asian 1.9% (292/15,345) 1.7% (107/6,429) 0.23 

  Black or African 

American 
4.3% (661/15,345) 

3.5% (223/6,429) 0.004 

Risk factors    

  Diabetes mellitus 24.3% (5,563/22,906) 25.3% (2,302/9,105) 0.06 

    Insulin-treated 7.1% (1,623/22,906) 7.2% (656/9,105) 0.71 

  Current smoker 28.0% (6,362/22,723) 28.9% (2,618/9,072) 0.12 

  Hypertension 64.6% (14,787/22,897) 63.9% (5,812/9,098) 0.24 

  Hyperlipidaemia 62.6% (14,241/22,765) 62.6% (5,622/8,980) 0.93 

Clinical history    

  Prior CABG 8.1% (1,865/22,915) 11.9% (1,083/9,074) <0.0001 

  Prior PCI 21.5% (4,894/22,815) 29.7% (2,683/9,041) <0.0001 

  Prior MI 21.8% (4,955/22,699) 31.3% (2,804/8,951) <0.0001 

Clinical presentation    

  Acute coronary syndromes 57.6% (12,538/21,761) 81.7% (6,829/8,363) <0.0001 

    STEMI 18.1% (4,154/22,920) 2.3% (215/9,152) <0.0001 

    NSTEMI 14.7% (3,362/22,920) 35.0% (3,204/9,152) <0.0001 

    Unstable angina 23.1% (5,022/21,761) 40.8% (3,410/8,363) <0.0001 

  Stable CAD 42.4% (9,223/21,761) 18.3% (1,534/8,363) <0.0001 

Values are mean±standard deviation or n (%).  

CABG: coronary artery bypass grafting; MI: myocardial infarction; NSTEMI: non–ST-elevation 

myocardial infarction; PCI: percutaneous coronary intervention; STEMI: ST-elevation myocardial 

infarction   



Supplementary Table 11. Quantitative coronary angiography and procedural characteristics in 

patients with and without available BMI data. 

Values are mean±standard deviation or n (%).  

CABG: coronary artery bypass grafting; MI: myocardial infarction; NSTEMI: non–ST-elevation 

myocardial infarction; PCI: percutaneous coronary intervention; STEMI: ST-elevation myocardial 

infarction  

  

 
BMI 

n=22,922, 71.5% 

No BMI 

n=9,153, 28.5% 
p-value 

Baseline angiography    

  Reference vessel diameter, mm 2.76 (0.69) 2.76 (0.51) 0.96 

  Minimum lumen diameter, mm 0.71 (0.46) 0.80 (0.44) <0.0001 

  Diameter stenosis, % 75.3 (16.3) 71.0 (14.5) <0.0001 

  Lesion length, mm 17.1 (11.3) 15.5 (9.1) <0.0001 

  Moderate/severe tortuosity 6.8% (653/9,610) 5.8% (306/5,238) 0.02 

  Moderate/severe calcification 31.9% (6,491/20,376) 23.2% (1,435/6,181) <0.0001 

  ACC/AHA type C lesion 39.7% (8,388/21,151) 31.6% (2,017/6,375) <0.0001 

  TIMI 3 flow 78.9% (16,700/21,162) 85.3% (5,485/6,431) <0.0001 

Number of treated lesions    

  1 80.0% (18,264/22,833) 80.4% (7,302/9,082) 0.41 

  2 16.1% (3,665/22,833) 14.3% (1,299/9,082) 0.0001 

  ≥3 4.0% (902/22,833) 5.3% (481/9,082) <0.0001 

Type of implanted stent    

  Bare metal 12.5% (2,842/22,741) 35.6% (3,130/8,786) <0.0001 

  Drug-eluting 86.0% (19,554/22,741) 56.5% (4,965/8,786) <0.0001 

    First-generation 35.6% (8,107/22,741) 36.8% (3,235/8,786) 0.052 

    Second-generation 50.3% (11,447/22,741) 19.7% (1,730/8,786) <0.0001 

Total stent length, mm 31.1 (22.1) 25.0 (13.2) <0.0001 

Final minimum lumen diameter, mm 2.30 (0.83) 2.28 (0.53) 0.04 

Final diameter stenosis, % 16.7 (11.2) 18.6 (10.7) <0.0001 

Final TIMI 3 flow 97.5% (20,605/21,133) 98.3% (6,103/6,211) 0.0005 



Supplementary Table 12. Adverse event rates at 5-year follow-up in patients with and without 

available BMI data. 

 
BMI 

n=22,922, 71.5% 

No BMI 

n=9,153, 28.5% 
p-value 

All-cause death 9.2% (1,450) 8.9% (461) 0.94 

Cardiac death 4.2% (683) 4.1% (221) 1.00 

Non-cardiac death 5.2% (767) 4.9% (240) 0.93 

Ischaemia-driven TLR 9.4% (1,762) 11.5% (841) <0.0001 

NTLR 14.6% (1,543) 19.9% (371) <0.0001 

Myocardial infarction 4.8% (876) 5.8% (376) <0.0001 

Stent thrombosis# 2.1% (385) 2.0% (138) 0.45 

 


