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Objective: The aim of this study was to analyze the long-term survival of subjects with peripheral artery disease (PAD).
Methods: The data included 415 Korean PAD patients aged ≥20 years hospitalized from 1994 through 2004 at a single 
tertiary center in Korea. Death data were obtained from all participants between 1994 and 2009.
Results: The mean of age was 64.4±9.3 years in PAD. The proportion of peripheral vascular bypass operation (re-vascularized) 
was about 50%. The proportion of males was 90.6% in PAD. Five- and 10- year survival rates were 79.2% and 60.5% 
in PAD, respectively. The 5- and 10- year survival rates were 83.0% and 64.1% in re-vascularized group, and 75.5% 
and 56.3% in non-revascularized group (p<0.05). For PAD, the adjusted hazard ratios (HRs) were 1.75 (95% confidence 
interval (CI) 1.17-2.68) in over 65 years, 1.53 (95% CI 1.05-2.27) in diabetes, and 2.21 (95% CI 1.51-3.23) in chronic 
kidney disease (CKD). Interestingly, HRs in PAD were 0.55 (95% CI 0.34-0.84) in overweight and 0.45 (95% CI 0.25-0.76) 
in obesity.
Conclusions: The 5- and 10- year survival rates were 79.2% and 60.5% in PAD. The survival rate in re-vascularized group 
was higher than that in non-revascularized group. Independent predictors of mortality were age, diabetes, and CKD in 
PAD. Obesity showed improved survival rates. (J Lipid Atheroscler 2017 June;6(1):39-45)
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INTRODUCTION

Atherosclerosis is one of the main causes of death with 

peripheral artery disease (PAD). Notably, atherosclerotic 

disease mortality has increased due to the aging 

population and the increasingly westernized life-style in 

Korea.1 PAD patients with more than 50% of peripheral 

artery stenosis showed ankle brachial index (ABI) <0.9. 

They showed the intermittent claudication, gangrene of 

extremities, and pain caused by arterial atherosclerosis 

progression. The pain for a long time was caused insomnia 

at day and night that was put them to mental instability 

and uncomfortable daily life. If PAD has progressed a lot, 

they also were struggle muscle atrophy and depression 

because of limitation of activity and impossible exercises. 

However, few studies have analyzed long-term survival 

of the status of PAD progress much. Therefore, our 

objectives in the present study were to analyze long-term 

survival in subjects with progressed PAD.
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METHODS

This study is the extension study of ‘Comparison of 

cardiovascular risk factors for peripheral artery disease and 

coronary artery disease in the Korean population’.2 Study 

population, cardiovascular risk factors, and study design 

have been previously described in detail.

1. Study Population and Design

Briefly, we reviewed the records of patients diagnosed 

with PAD at the Cardiac and Vascular Center, Samsung 

Medical Center, Seoul, Korea, from November 1994 to 

November 2004. The subjects were patients with PAD 

(n=415) with over 50% peripheral artery stenosis 

confirmed by lower extremities computed tomography. 

We categorized the patients into two groups; one is 

peripheral vascular bypass operation (revascularized, 

n=218) group, and the other is non-revascularization 

group.  Clinical information was obtained retrospectively 

by reviewing electronic medical charts and death data 

were offered by the Korea Statistics Promotion Institute. 

The all-cause cumulative fatality rate and survival duration 

were assessed in this study. We analyzed death data from 

Dec. 1994 until Dec. 2009. All-cause mortality was 

measured over 5 to 15 years. The Samsung Medical Center 

institutional review board approved this study. Informed 

consent was waived for this retrospective study. 

2. DIAGNOSTIC CRITERIA

1) Cardiovascular risk factors

Subjects were defined as having hypertension (HT) if 

they were taking anti-hypertensive drugs had been 

clinically diagnosed with HT, had either a systolic blood 

pressure (SBP) ≥140 mmHg, or a diastolic blood pressure 

(DBP) ≥90 mmHg. Subjects meeting the following criteria 

were defined as having diabetes mellitus (DM): taking 

an oral hyperglycemic agent, using insulin, clinical 

diagnosis of DM, or a fasting plasma glucose >125 mg/dL. 

Subjects were defined as having dyslipidemia if they met 

one of the following requirements: diagnosis of hyper-

lipidemia, previous treatment of hyperlipidemia, total 

cholesterol>200 mg/dL or low density lipoprotein 

cholesterol>130 mg/dL. The following body mass index 

(BMI = weight (kg)/height (m2)) categories were recog-

nized: normal (18.5≤BMI<23), overweight (23≤BMI<25), 

and obese (BMI≥25).3 Patients who had smoked within 

one year prior to the study were defined as smokers. The 

estimated glomerular filtration rate (eGFR), which was 

used as an indicator of kidney function, was calculated 

using the Chronic Kidney Disease Epidemiology 

Collaboration (CKD-EPI) equation.4 The CKD-EPI equation, 

expressed as a single equation, is GFR = 141 × min(serum 

Cr /κ, 1)α × max(serum Cr /κ, 1)-1.209 × 0.993Age × 1.018 [if 

female], where κ is 0.7 for females and 0.9 for males, 

α is -0.329 for females and -0.411 for males, min indicates 

the minimum serum Cr /κ or 1, and max indicates the 

maximum serum Cr /κ or 1. Chronic kidney disease (CKD) 

was defined as an eGFR <60 mL/min/1.73m2. We also 

showed distribution of anti- platelet, anti-coagulants, 

prostaglandin 1, angiotensin- converting-enzyme inhibitor 

and/or angiotensin II receptor blocker, beta-blocker, 

calcium channel blocker, diuretics and/or spironolactone, 

lipid lowering agents, and oral hyperglycemia agents or 

insulin in PAD.

3. Statistical analysis  

General and clinical characteristics were shown by mean 

(± standard deviation; SD) for continuous variables and 

percentage for categorical variables. The Kaplan-Meier 

method was used to compare cardiovascular risk factors 

survival differences for PAD using the log-rank test. 

Multiple Cox proportional hazard analyses were 

performed and adjusted variables were age, sex, HT, DM, 

dyslipidemia, smoking, obesity grade, and CKD.
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Table 1. General and clinical characteristics in the peripheral 
artery disease (PAD) patients groups (n=415)

Variables
PAD

n=415

Age (years) mean±SD 64.4±9.3

  <65 years 46.5

  ≥65 years 53.5

Sex (male, %) 90.6

SBP (mmHg) 141.2±22.8

DBP (mmHg)  80.2±12.3

Cholesterol (mg/dL)

  Total cholesterol 

  Triglyceride 

  Low density lipoprotein

  High density lipoprotein

176.9±43.4

 163.6±119.4

112.4±36.6

 39.7±10.5

Fasting plasma glucose (mg/dL)  141.5±61.3

Hemoglobin (g/dL) 13.0±1.9

Creatinine (mg/dL)

estimated Glomerular Filtration Rate

 1.19±0.9

 75.8±1.20

Hypertension (%) 75.2

Diabetes (%) 56.6

Dyslipidemia (%) 44.3

Body mass index (kg) mean±SD

  Overweight 

  Obese

23.0±2.9

26.8

22.1

Smoking (%) 68.1

Chronic kidney disease (%) 24.3

Medication

  Anti-platelet 74.7

  Anti-coagulants 30.9

  Prostaglandin 1 48.2

  Angiotensin-converting-enzyme 

inhibitor and/or angiotensin II 

receptor blocker

33.0

  Beta-blocker 17.7

  Calcium channel blocker 27.6

  Diuretics and/or spironolactone 16.6

  Lipid lowering agents 47.7

  Oral hyperglycemia agents or insulin 16.8

Peripheral revascularization 52.5

Table 2. Associations between clinical variables and overall 
mortality in patients with peripheral artery disease (PAD) 

Variables
PAD*

HR and 95% CI
p value

Age, 65+ vs. <65 year 1.75 (1.17-2.68) 0.007

Sex, male vs. female 0.88 (0.51-1.63) 0.674

Hypertension 1.46 (0.91-2.46) 0.134

Diabetes 1.53 (1.05-2.27) 0.029

Dyslipidemia 0.70 (0.48-1.01) 0.061

Smoking 1.01 (0.68-1.53) 0.963

Body mass index 

  Normal

  Overweight

  Obese

1.0

0.55 (0.34-0.84)

0.45 (0.25-0.76)

   

0.009

0.004

Chronic kidney disease 2.21 (1.51-3.23) <0.001

*Estimated by Cox proportional hazard model analysis using 

the variables indicated in the table.

Fig. 1. (A) Cumulative survival rates of the peripheral artery 
disease (PAD) group and (B) cumulative survival rates with
revascularization or not in PAD using Kaplan-Meier curves.

RESULTS

The mean of PAD patients’ age was 64.4±9.3 years. 

The proportion of males was 90.6% for PAD. The 

proportion of peripheral revascularized group was 52.5% 

(Table 1). 

For the PAD group, the adjusted Hazard ratios (HRs) 

were 1.75 (95% confidence interval (CI) 1.17-2.68) in 

patients over 65 years of age, 1.53 (95% CI 1.05-2.27) 

A

B
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Fig. 2. (A) Cumulative survival rates by over 65 years old and under with peripheral artery disease (PAD) using Kaplan-Meier
curves (p<0.001), (B) cumulative survival rates by gender with PAD using Kaplan-Meier curves (p<0.001), (C) cumulative
survival rates in hypertension (HT) patients with PAD using Kaplan-Meier curves (p<0.001), (D) cumulative survival rates
in diabetes mellitus (DM) patients with PAD using Kaplan-Meier curves (p<0.001), (E) cumulative survival rates in dyslipidemia
patients with PAD using Kaplan-Meier curves (p<0.001), (F) cumulative survival rates in smoker with PAD using Kaplan-Meier
curves (p<0.001)

in patients with diabetes, and 2.21 (95% CI 1.51-3.23) 

in patients with CKD. Interestingly, in PAD, HRs were 0.55 

(95% CI 0.34-0.84) in overweight patients and 0.45 (95% 

CI 0.25-0.76) in obese patients (Table 2). 

B

D

F
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Fig. 2. (G) cumulative survival rates among obese, overweight, and normal weight patients with PAD using Kaplan-Meier
curves (p<0.001), and (H) cumulative survival rates in chronic kidney disease (CKD) patients with PAD using Kaplan-Meier
curves (p<0.001)

In patients with PAD, the 5- and 10-year survival rates 

were 79.2% and 60.5%, respectively. The 5- and 10-year 

survival rates were 83.0% and 64.1% in revascularized 

group and in 75.5% and 56.3% in non-revascularized 

group (p<0.05) (Fig. 1). 

The 5- and 10-year survival rates were 90.2% and 

73.0% in under 65 year-old group and in 70.3% and 

48.3% in greater than 65 year-old group (p<0.001); 

89.3% and 66.6% in non-HT group and 76.3% and 

58.7% in HT group (p<0.001); 87.8% and 61.9% in 

non-DM group and 73.2% and 59.4% in DM group 

(p<0.001); 87.6% and 71.1% in obese, 81.2% and 72.8% 

in overweight, and 73.4% and 50.0% in normal 

(p<0.001); 84.6% and 69.2% in non-CKD and 86.4% 

and 38.1% in CKD (p<0.001) (Fig. 2).

 

DISCUSSION

Overall, we found that the survival rates were about 

80% at the 5- and 60% at 10-years. For PAD, the survival 

rate in the peripheral revascularized group was higher 

than that in non-revascularized group. Results of the 

present study correspond well with those of the earlier 

studies. The mortality rate for patients with PAD with 

intermittent claudication is approximately 30% at 5 years, 

50% at 10 years, and 70% at 15 years, without any clear 

decrease in mortality in the time spanning from 1975 to 

1998, according to western studies.5 The follow-up study 

of 10 years in southern California, United States showed 

61.8% of PAD mortality.6 Bypass versus angioplasty in 

severe ischemia of the leg (BASIL) clinical trial showed 

similar overall survival outcomes between a bypass- 

surgery-first and a balloon-angioplasty-first strategy.7 In 

our study, the survival rates in the peripheral revascularized 

group was higher than non-revascularized group. 

Although our study does not show any surprising result, 

it still provides meaningful information about the survival 

rates based on the peripheral revascularization. There are 

few studies done on the survival rates based on the 

peripheral revascularization. 

We demonstrated the independent predictors of fatality 

in PAD. Age,8 diabetes,9,10 and CKD11,12 are risk factors 

for PAD. Interestingly, being overweight or obese resulted 

in lower HRs in PAD. 

Although obesity is one of the major risk factors for 

cardiovascular disease (CVD), including PAD13 and 

cardiovascular death,14 a paradoxical decrease in death 

with increasing BMI has been found. This is partly explained 

by the obesity paradox.15,16 Specifically, patients with CAD 

or PAD show an inversely correlated relationship between 

G H
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BMI and cardiovascular mortality after adjusting for con-

founding variables, according to the Fatores Riesgo 

ENfermedad Arterial (FRENA) registry17 and the Coope-

rative Cardiovascular Project.18 In Japanese patients, lower 

BMI with PAD resulted in higher all-cause mortality than 

that of normal, overweight, and obese PAD patients.10 

Their reported J-shaped curve of BMI grade and 5-year 

mortality was in close agreement with our results (Fig.  

2(G)). In this study, the proportion of >65 years with 

PAD was over 50%. Jee et al.19 showed that the mortality 

rate did not increase for elderly Korean individuals with 

BMI of 25 or higher. And the effect of obesity on mortality 

in the elderly can be influenced by various parameters 

such as existing diseases. Accordingly, we could not 

confirm whether this obesity based on BMI survival 

difference was real or due to the obesity paradox.20

This study showed the survival rates by cardiovascular 

risk factors for PAD. The group of over 65 years old, HT, 

DM, normal body weight, and CKD showed significant 

lower survival rates than that of below 65 years old, 

non-HT, non-DM, overweight or obese, and non-CKD 

group, respectively.

This study had several limitations. First, the study was 

conducted retrospectively at a single center, which may 

have resulted in selection bias. Also, we were unable to 

eliminate the possibility of information bias when 

collecting medical records and laboratory results. Second, 

we checked the current smoking status, body weight, and 

clinical data only once, when patients first visited the 

hospital in this retrospective study. Therefore, there were 

no available follow-up data. Third, death data in this study 

were collected from the Korea Statistics Promotion 

Institute. They did not provide cause of death information, 

in accordance with their provisions. Thus, we could not 

specify the number of cardiac events. In the future, a 

well-designed prospective hospital-based cohort study will 

be necessary.

CONCLUSIONS

We found that the 5- and 10- year survival rates were 

79.2% and 60.5% in PAD. The survival rates in peripheral 

revascularized group were higher than that in 

non-revascularized group. For PAD, the independent 

predictors of fatality were age, diabetes, and CKD. Obesity 

showed improved survival rates.
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