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Background/Aims: We investigated the impact of obesity on the clinical outcomes 
following percutaneous coronary intervention (PCI).
Methods: We included South Koreans aged > 20 years who underwent the Kore-
an National Health Screening assessment between 2009 and 2012. Obesity was 
defined using the body mass index (BMI), according to the World Health Or-
ganization’s recommendations. Abdominal obesity was defined using the waist 
circumference (WC), as defined by the Korean Society for Obesity. The odds and 
hazard ratios in all-cause mortality were calculated after adjustment for multiple 
covariates. Patients were followed up to the end of 2017. 
Results: Among 130,490 subjects who underwent PCI, the mean age negatively 
correlated with BMI. WC, hypertension, diabetes, dyslipidemia, fasting glucose, 
total cholesterol, low-density lipoprotein cholesterol, and triglyceride levels cor-
related with the increased BMI. The mortality rates were higher in the lower 
BMI and WC groups than the higher BMI and WC groups. The non-obese with 
abdominal obesity group showed a mortality rate of 2.11 per 1,000 person-years. 
Obese with no abdominal obesity group had the lowest mortality rate (0.88 per 
1,000 person-years). The mortality showed U-shaped curve with a cut-off value of 
29 in case of BMI and 78 cm of WC.
Conclusions: The mortality showed U-shaped curve and the cut-off value of low-
est mortality was 29 in case of BMI and 78 cm of WC. The abdominal obesity may 
be associated with poor prognosis in Korean patients who underwent PCI.
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Effect of body mass index and abdominal obesity 
on mortality after percutaneous coronary inter-
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INTRODUCTION

The prevalence of obesity has been steadily and signifi-
cantly increasing worldwide [1,2]. Because of its impact 
on cardiovascular diseases, obesity is becoming one 
of the most serious global health issues [3]. Obesity is 
strongly associated with the risk factors for atheroscle-
rosis such as hypertension, diabetes mellitus (DM), dys-

lipidemia, and can lead to atherosclerosis itself by in-
creasing oxidative stress, inflammation, and endothelial 
dysfunction [4,5]. The risk factors associated with obesity 
and ischemic heart disease (IHD) are well-established, 
and obesity itself has been thought to be a risk factor of 
IHD and can worsen the prognosis regardless of meta-
bolic status [6-9].

Previous studies showed that patients with obesity 
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paradoxically exhibited more favorable clinical out-
comes with respect to in-hospital, short-, and long-term 
mortality than those without obesity after percutaneous 
coronary intervention (PCI) [10-13]. These studies had 
defined obesity according to the body mass index (BMI), 
which has been the most frequently used measure of 
obesity. However, body adiposity differs according to 
age, sex, and ethnicity, and BMI alone is not able to dis-
tinguish between fatty and highly muscular individuals 
[14]. Waist circumference (WC) is another measure of 
obesity, which correlates well with abdominal fat dis-
tribution to discriminate visceral “unhealthy” obesity 
from “healthy” obesity [15,16].

The purpose of this study was to address the relation-
ship between obesity and long-term mortality in a large 
cohort of patients who underwent PCI. Furthermore, 
we included BMI and WC in the analysis of obesity, to 
determine which would be the better predictor of mor-
tality.

METHODS

The Korean National Health Insurance Service 
database
The Korean National Health Insurance Service Nation-
al Sample Cohort (NHIS-NSC) is constructed from the 
NHIS database and includes almost all citizens in Korea 
(50 million). The medical information recorded consists 
of patients’ age, sex, living area, insurer payment cover-
age, deduction and claims data, and medical utilization/
transaction information. Within this cohort, 130,490 
individuals with coronary artery disease treated by PCI 
between 2009 and 2012 were enrolled and followed-up 
for 5.57 ± 0.29 years until the end of 2017 (unless disqual-
ified by death or emigration). Data regarding patient de-
mographics and medical treatment claims for inpatient 
and outpatient care, including diagnoses, prescriptions, 
procedures, and nationwide health examination results, 
were reviewed. Diagnosis statements were defined by 
the International Classification of Diseases, tenth re-
vision (ICD-10). Covariates and ICD-10 codes used in 
this study included DM (E11–14), hypertension (I10–13, 
I15), dyslipidemia (E78), IHD (I20), myocardial infarction 
(I21–22). We registered only de novo PCI and excluded 
patients with a history of PCI to avoid the effects of past 

coronary intervention, and those with cerebrovascular 
disease, heart failure, or cancer.

This study adhered to the tenets of the Declaration 
of Helsinki. As the database used in this study did not 
include personal identifiers, and this study was of ret-
rospective observational nature, informed consent 
was waived and ethical approval was given by the Ko-
rea University Hospital Institutional Review Board 
(2019AS0066).

Anthropometric measurement and baseline charac-
teristics
Body weight (kg) and height (cm) were measured using an 
electronic scale, and WC (cm) was measured at the mid-
dle point between the rib cage and iliac crest by trained 
examiners. We defined obesity as a BMI ≥ 25 kg/m2 and 
categorized patients into underweight (BMI < 18.5 kg/m2), 
normal (BMI 18.5 to 23 kg/m2), overweight (BMI 23 to 25 
kg/m2), stage I obesity (BMI 25 to 30 kg/m2), and stage 2 
obesity (BMI ≥ 30 kg/m2) according to the World Health 
Organization recommendations for Asians [17]. Abdom-
inal obesity was defined as WC ≥ 90 cm in men and 85 
cm in women according to the definition of the Korean 
Society for the Study of Obesity [18]. WC was divided into 
six categories with increments of 5 cm: level 1, < 80 cm in 
men and < 75 cm in women; level 2, 80 to 85 cm in men 
and 75 to 80 cm in women; level 3, 85 to 90 cm in men and 
80 to 85 cm in women; level 4, 90 to 95 cm in men and 85 
to 90 cm in women; level 5, 95 to 100 cm in men and 90 
to 95 cm in women; and level 6, ≥ 100 cm in men and ≥ 95 
cm in women. 

Baseline characteristics and health-related behaviors 
such as income, smoking, alcohol consumption, and ex-
ercise were confirmed through standardized question-
naires. All blood samples were collected after fasting, 
and blood pressure was measured using a sphygmoma-
nometer after 15 minutes of rest. The diagnosis of dia-
betes, hypertension, and hyperlipidemia was confirmed 
using laboratory data (fasting blood glucose level ≥ 126 
mg/dL; systolic blood pressure ≥ 140 mmHg and dia-
stolic blood pressure ≥ 90 mmHg; and total cholesterol 
levels ≥ 240 mg/dL, respectively) or ICD code (ICD-10 
codes E11–14, I10–I15, or E78, respectively) with a claim of 
for medication specific to the individual disease.
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General health-related behavior and socio-demo-
graphic variables
Patients were also categorized according to smoking 
status (non-smokers, former smokers, or current smok-
er) and alcohol consumption (none, moderate, or heavy 
drinkers [≥ 3 days/week]). Regular exercise was defined 
as vigorous physical activity for at least 20 min/day. Res-
idence in urban areas was also checked and income was 
divided according to quartiles, with Q1 being the lowest 
and Q4 the highest. 

Outcomes
All-cause mortality was checked between 2010 and 2017 
for each participant, and the number of person-years of 
follow-up was also recorded. All-cause mortality was as-
sessed within 5.57 ± 0.29 years after the last recorded WC 
value and there were a total of 10,560 deaths.

Statistical analysis
The general characteristics of the patients are present-
ed as mean ± standard deviation (SD) for continuous 
variables and percentages (SD) for categorical variables. 
Analysis of variance (ANOVA) was used to compare 
continuous variables, and a chi-square test was used to 
compare categorical variable. The hazard ratios (HRs) 
and 95% confidence intervals (CIs) for all-cause mortal-
ity were analyzed using multivariable Cox proportional 
hazard models, after adjusting for age and sex in mod-
el 1; and age, sex, smoking, alcohol consumption, reg-
ular physical activity, low-income status, hypertension, 
diabetes, dyslipidemia, and chronic kidney disease in 
model 2. The HR and 95% CI for all-cause mortality ac-
cording to the six WC groups were also calculated for 
the different subgroups according to sex and age (20–40, 
40–64, and 65–84 years) using a multivariable Cox mod-
el after adjusting for all covariates. We also calculated 
the HRs and 95% CI for all-cause mortality with respect 
to WC, with group 3 being the reference, across the five 
BMI groups. All statistical analyses were performed us-
ing SAS version 9.3 (SAS Institute Inc., Cary, NC, USA), 
and p < 0.05 for two-tailed t tests was considered statis-
tically significant.

RESULTS

Baseline characteristics of the study population
Table 1 shows the baseline characteristics of the partic-
ipants according to the BMI. Hypertension, diabetes, 
dyslipidemia, fasting glucose level, total cholesterol, 
low-density lipoprotein cholesterol, and triglyceride 
levels were positively correlated and the mean age was 
reversely correlated with BMI. In addition, the WC also 
increased in parallel with the BMI. The proportion of 
non-smokers, non-alcohol drinkers, and the lowest in-
come level (Q1) showed a U-shaped curve. 

BMI, WC, and mortality
The highest mortality was seen in the underweight (BMI 
< 18.5 kg/m2) group, and stage 2 obesity (BMI ≥ 30 kg/m2) 
was associated with the lowest mortality rates in the mul-
tivariate analysis (Table 2). The association between BMI 
and mortality showed an inverse correlation up to a cut-
off of 29 kg/m2 after adjusting for WC in model 3 (Fig. 1A). 

The lowest WC group (< 80 cm in men and < 75 cm in 
women) showed the highest mortality rates. However, 
the lowest mortality rates were observed in 90 to 95 cm 
in men and 85 to 90 cm in women (Table 2). The asso-
ciation between WC and mortality showed a J-shaped 
curve after adjusting for BMI in model 3 (Fig. 1B).

Subgroup analyses
Subgroup analysis of the relationship between obesity 
and mortality was performed according to BMI or WC 
subgroups (Fig. 2). After adjusting for all covariates, every 
subgroup with obesity according to BMI or abdominal 
obesity according to WC showed lower mortality than 
those without obesity or abdominal obesity.

Table 3 shows the mortality rate according to obesity 
defined by BMI or WC. The highest mortality was ob-
served in the non-obese with abdominal obesity group 
(2.11 per 1,000 person-years) while the lowest was in the 
obese with no abdominal obesity group (0.88 per 1,000 
person-years). Analysis of the HRs according to BMI 
showed a reverse correlation with mortality until a cut-
off of 29.09 kg/m2, where the lowest mortality risk was 
observed. In terms of WC, 78 cm was the point at which 
the lowest HR was observed (Fig. 1).
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DISCUSSION

We presented the findings of a large-scale cohort study 

assessing the relationship between obesity by BMI or 
abdominal obesity by WC and mortality in patients with 
coronary artery disease who underwent PCI. This na-

Table 1. General characteristics of participants by body mass index (kg/m2)

Characteristic
BMI, kg/m2

p value
< 18.5 18.5–23 23–25 25–30 > 30

Number 1,860 34,248 36,345 52,012 6,025

Age, yr 70.66 ± 10.01 66.01 ± 10.09 63.89 ± 9.82 62.15 ± 10.11 59.07 ± 11.49 < 0.0001

< 65 459 (24.68) 14,593 (42.61) 18,614 (51.21) 29,948 (57.58) 3,926 (65.16) < 0.0001

≥ 65 1,401 (75.32) 19,655 (57.39) 17,731 (48.79) 22,064 (42.42) 2,099 (34.84)

Male sex 1,231 (66.18) 24,099 (70.37) 26,992 (74.27) 38,387 (73.8) 3,875 (64.32) < 0.0001

Place (urban) 713 (38.42) 14,373 (42.01) 15,762 (43.4) 22,158 (42.63) 2,500 (41.51) < 0.0001

BMI, kg/m2 17.48 ± 0.89 21.49 ± 1.13 24.03 ± 0.57 26.83 ± 1.29 31.85 ± 1.85 < 0.0001

Height, cm 159.83 ± 9.16 161.92 ± 8.81 162.94 ± 8.57 163.17 ± 8.84 162.52 ± 9.94 < 0.0001

Weight, kg 44.81 ± 5.61 56.52 ± 6.92 63.98 ± 6.82 71.64 ± 8.38 84.4 ± 11.1 < 0.0001

WC, cm 70.37 ± 6.28 78.83 ± 5.8 84.24 ± 5.21 89.78 ± 5.88 99.11 ± 6.99 < 0.0001

SBP, mm Hg 122.89 ± 17.54 124.44 ± 16.27 125.82 ± 15.55 127.71 ± 15.36 130.85 ± 15.52 < 0.0001

DBP, mm Hg 74.24 ± 10.31 74.91 ± 10.06 75.99 ± 9.88 77.42 ± 9.9 79.77 ± 10.14 < 0.0001

Smoke < 0.0001

Non 995 (53.49) 17,548 (51.24) 17,616 (48.47) 24,473 (47.05) 2,939 (48.78)

Ex 470 (25.27) 10,917 (31.88) 13,170 (36.24) 19,665 (37.81) 2,058 (34.16)

Current 395 (21.24) 5,783 (16.89) 5,559 (15.3) 7,874 (15.14) 1,028 (17.06)

Drink < 0.0001

Non 1,542 (82.9) 25,438 (74.28) 25,589 (70.41) 35,857 (68.94) 4,209 (69.86)

Mild 283 (15.22) 7,981 (23.3) 9,775 (26.9) 14,449 (27.78) 1,568 (26.02)

Heavy 35 (1.88) 829 (2.42) 981 (2.7) 1,706 (3.28) 248 (4.12)

Regular exercise 586 (31.51) 15,247 (44.52) 17,993 (49.51) 25,810 (49.62) 2,709 (44.96) < 0.0001

Income (low) 501 (26.94) 8,588 (25.08) 8,764 (24.11) 12,609 (24.24) 1,524 (25.29) 0.0008

Diabetes 521 (28.01) 11,307 (33.02) 12,551 (34.53) 18,882 (36.3) 2,736 (45.41) < 0.0001

Hypertension 1,333 (71.67) 25,929 (75.71) 28,960 (79.68) 43,684 (83.99) 5,369 (89.11) < 0.0001

Dyslipidemia 1,483 (79.73) 29,867 (87.21) 32,462 (89.32) 47,140 (90.63) 5,490 (91.12) < 0.0001

CKD 388 (20.86) 5,861 (17.11) 5,759 (15.85) 8,320 (16) 1,064 (17.66) < 0.0001

FBS, mg/dL 106.01 ± 36.27 108.19 ± 33.22 109.96 ± 32.92 111.37 ± 32.16 116.6 ± 35.47 < 0.0001

TC, mg/dL 152.83 ± 34.31 151.14 ± 34.65 152.25 ± 34.89 154.14 ± 35.21 158.92 ± 36.67 < 0.0001

HDL-C, mg/dL 53.1 ± 13.86 49.81 ± 14.14 47.85 ± 14.37 46.62 ± 14.09 46.24 ± 15.5 < 0.0001

LDL-C, mg/dL 79.86 ± 29.44 78.43 ± 29.85 78.81 ± 29.98 79.18 ± 30.25 80.87 ± 31.41 < 0.0001

TG, mg/dL 91.1  
(89.26–92.98)

103.27 
(102.75–103.8)

116.42 
(115.83–117.01)

129.14 
(128.59–129.68)

147.47
 (145.63–149.33)

< 0.0001

Values are presented as mean ± standard deviation, number (%), or median (range). p < 0.0001 for all data.
BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; CKD, chronic 
kidney disease; FBS, fasting blood sugar; TC, total cholesterol; TG, triglyceride; HDL-C, high density lipoprotein cholesterol; 
LDL-C, low density lipoprotein cholesterol.
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Table 2. Mortality rate and multivariate-adjusted HR (95% CI) according to baseline BMI and WC 

Variable
Total  
no.

No. of
events

Follow-up 
duration, 

day

Mortality 
rate, /1,000 

person-years
Model 1 Model 2 Model 3

BMI, kg/m2

< 18.5 1,860 504 8,210.96 6.13814 1.881 (1.714–2.064) 1.85 (1.685–2.03) 1.818 (1.65–2.003)

18.5–23 34,248 4,068 169,235.58 2.40375 1 (reference) 1 (reference) 1 (reference)

23–25 36,345 2,621 184,363.13 1.42165 0.697 (0.664–0.732) 0.698 (0.665–0.734) 0.687 (0.65–0.725)

25–30 52,012 3,043 265,937.48 1.14425 0.645 (0.615–0.676) 0.637 (0.607–0.668) 0.584 (0.548–0.622)

> 30 6,025 324 29,873.79 1.08456 0.793 (0.708–0.889) 0.725 (0.646–0.813) 0.57 (0.497–0.655)

WC, cm (male/female)

< 80/75 20,799 2,311 102,048.49 2.26461 1.402 (1.325–1.484) 1.435 (1.356–1.519) 1.017 (0.952–1.086)

85/80 29,006 2,249 146,269.48 1.53757 1.062 (1.003–1.124) 1.084 (1.024–1.147) 0.94 (0.886–0.997)

90/85 34,457 2,513 175,117.38 1.43504 1 (reference) 1 (reference) 1 (reference)

95/90 25,766 1,870 131,001.52 1.42746 0.966 (0.91–1.025) 0.947 (0.892–1.006) 1.064 (1–1.132)

100/95 12,864 941 65,335.25 1.44026 0.974 (0.904–1.05) 0.915 (0.849–0.986) 1.099 (1.014–1.192)

> 100/95 7,598 676 37,848.81 1.78605 1.232 (1.131–1.341) 1.1 (1.01–1.198) 1.363 (1.233–1.506)

p < 0.0001 for all data. Model 1 was adjusted for age and sex. Model 2: model 1 + smoking, alcohol drinking, regular physical 
activity, low-income status, hypertension, diabetes, dyslipidemia and chronic kidney disease. Model 3: Model 2 + WC (BMI 
group) or BMI (WC group). 
HR, hazard ratio; CI, confidence interval; BMI, body mass index; WC, waist circumference. 

Figure 1. Hazard ratio (HR) for all-cause mortality. (A) Body mass index (BMI): Adjusted for age, sex, smoking, drinking, ex-
ercise, income, diabetes, dyslipidemia, hypertension, and chronic kidney disease. (B) Waist circumference (WC): Adjusted for 
age, sex, smoking, drinking, exercise, income, diabetes, dyslipidemia, hypertension and chronic kidney disease. CI, confidence 
interval.
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tionwide study included nearly half of the adult popu-
lation of South Korea. To our knowledge, this is one of 
the largest studies of its type to be conducted on a large, 
homogenous nationwide population-based cohort. 

In our study, the mortality after PCI showed the U 
shaped-curve, the cut-off value of lowest mortality was 
29 in case of BMI and 78 cm of WC and increased mor-
tality was observed at the non-obese with abdominal 
obesity group. In the analysis of the BMI model, the 
mortality was highest in the lowest BMI group (BMI < 
18.5 kg/m2) and lowest in the highest BMI group (BMI > 
30 kg/m2), and showed a U-shaped pattern. After adjust-

ment for WC, the mortality in the overweight to obese 
BMI group was relatively attenuated and the mortality 
of the underweight group further increased. In addition, 
these results showed the importance of abdominal obe-
sity on mortality after PCI. The non-obese with abdomi-
nal obesity group had a higher risk of mortality than the 
other groups and the obese with no abdominal obesity 
group showed the lowest mortality. Abdominal obesity 
acted as a poor prognostic factor among both obese and 
non-obese group. The underweight group with abdom-
inal obesity (i.e., the lean but metabolically unhealthy 
group) showed a worse prognosis after PCI than the 

Table 3. The mortality rate (per 1,000 person years) according to obesity by BMI and abdominal obesity by WC

Obesity Abdominal obesity
No. of

patients
No. of
events

Follow-up  
duration, day

Mortality rate,  
/1,000 person-years

No No 57,898 5,635 287,877.81 1.95743

Yes 14,555 1,558 73,931.85 2.10735

Yes No 17,324 772 88,123.88 0.87604

Yes 40,713 2,595 207,687.4 1.24947

p < 0.0001 for all data. Multivariate-adjusted hazard ratio (95% confidence interval) by age, sex, BMI, smoking, prescence of  
diabetes, dyslipidemia, hypertension, and incidence rate.
BMI, body mass index; WC, waist circumference.

Figure 2. Subgroup analysis for obesity (A) and abdominal obesity (B). HR, hazard ratio; CI, confidence interval; DM, diabetes 
mellitus; CKD, chronic kidney disease.

A B
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obese group. Therefore, abdominal obesity may be as-
sociated with poor prognosis in patients with coronary 
artery disease who undergo PCI.

Individuals with abdominal obesity were found to have 
a higher risk of atherosclerosis and subclinical cardio-
vascular disease [19-22]. The Metabolic Efficiency With 
Ranolazine for Less Ischemia in non-ST elevation acute 
coronary syndrome-Thrombolysis in Myocardial Infarc-
tion (MERLIN-TIMI-36) study, a study on the relation-
ship between abdominal obesity and cardiovascular out-
comes in 6,560 patients with acute coronary syndrome, 
WC greater than proportionate to BMI were at the high-
est risk of developing cardiovascular events [23]. Me-
ta-analysis of 15,923 patients with CAD showed that even 
non-obsese with abdominal obesity is associated with 
the highest risk of mortality and waist-to-hip ratio is 
more precise predictor of poor prognosis than BMI [24]. 
Park et al. [25] demonstrated that abdominal obesity with 
truncal fat is associated with unfavorable clinical out-
comes after drug eluting stent implantation and is more 
clinically relevant than BMI in Korean patients. The ma-
jor pathogenic drivers associated with poor prognosis of 
abdominal obesity after PCI is that the visceral fat pro-
motes coronary artery disease progression such as pro-
gression of atherosclerosis, increasing coronary plaque 
vulnerability that causes acute coronary syndrome via in-
creased inflammatory cytokines, oxidative stress, insulin 
resistance and systemic inflammation, etc. [26,27].

The reason of higher mortality in the underweight 
group than the normal BMI or obese groups might be 
due to overall health of underweight people is inevita-
bly more vulnerable than normal or obese people. The 
underweight group may be related to an imbalance in 
nutrition, which lead to developing cardiovascular or 
cerebrovascular and inflammatory diseases. Although 
all eligible patients were prescribed medications in 
accordance with guideline-based treatment, patients 
in the lower BMI group might have received optimal 
medical therapy, including aspirin, newer P2Y12 inhib-
itors, renin-angiotensin-aldosterone system blockers, 
and statins, at lower rates due to various reasons such 
as bleeding, malnutrition, or reduced blood pressure 
[28,29]. In addition, the lower BMI group clearly exhibit-
ed adverse drug effects despite receiving the usual dos-
age, and the success rate of PCI did not differ compared 
with the obese groups. In a meta-analysis of sex-specific 

relationships between BMI and coronary heart disease, 
a higher risk was observed in underweight patients of 
both sexes than in those with normal weight [30]. 

Our study has several limitations. First, the prognosis 
was observed through BMI and WC only at the point 
of PCI, and there is no follow-up data to confirm the 
changes in BMI and WC. Second, there are conflicting 
definitions of abdominal obesity in the literature. Al-
though we adopted the definition of abdominal obe-
sity, one of the components of metabolic syndrome 
that was modified for our South Korean population, 
the widely-used criteria for each metabolic syndrome 
component disregard ethnic and regional differenc-
es. Third, the definition of obesity according to BMI is 
still debated. Although lean mass index, assessments of 
body fat, or fat-free mass might be expected to be ac-
curate measures of true body fat levels, we adopted the 
BMI because it is simple, universal, and reproducible. 
Fourth, our data could not reflect the effect of exercise 
or diet on weight reduction during the follow-up peri-
od. So, detailed data on medication (e.g., brand name, 
dose, and duration) and follow-up laboratory findings 
were not fully available. Finally, it was difficult to de-
termine from the NHIC database whether the patients’ 
medications following PCI were prescribed according 
to guideline-based treatment protocols. To overcome 
these limitations, we plan to expand on our research and 
will continue to collect relevant data. 

In conclusion, the impact of obesity on the clinical 
outcomes in Korean patient who underwent PCI showed 
U-shaped curve on the mortality, and a cut-off value of 
lowest mortality was 29 in case of BMI and 78 cm in case 
of WC. In addition, the presence of abdominal obesity 
was associated with an unfavorable prognosis after PCI.

KEY MESSAGE

1.	 We investigated the impact of obesity on the 
clinical outcomes following percutaneous coro-
nary intervention (PCI).

2.	 The mortality showed U-shaped curve, with a 
cut-off value of 29 in case of body mass index and 
78 cm in case of waist circumference after PCI.

3.	 The presence of abdominal obesity was associat-
ed with an unfavorable prognosis after PCI. 
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