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Risk factors for asymptomatic peripheral arterial disease 
in Korean population: lessons from a community-based 
screening
Sungsin Cho, Seung Hwan Lee, Jin Hyun Joh
Department of Surgery, Kyung Hee University Hospital at Gangdong, Kyung Hee University School of Medicine, Seoul, Korea

INTRODUCTION
Peripheral arterial disease (PAD) is a common vascular 

problem in which progressive narrowing of the arteries due to 
atherosclerosis reduces blood flow in the lower extremities. 
Previous studies have demonstrated that PAD has a significantly 
elevated risk of morbidity and mortality from cardiovascular 
disease [1-3]. Therefore, early diagnosis and proper management 
of PAD is crucial. However, PAD has been underdiagnosed and 

undertreated, in part, because most patients are asymptomatic 
or happen to present with atypical symptoms.

Most population-based prevalence studies were conducted 
in Western countries. In Korea, the prevalence of PAD is 
essentially unknown. This is thought to be primarily because 
of the lack of data on symptomatic or asymptomatic PAD. 
Moreover, most studies have focused on symptomatic or clinic-
based populations and are limited to the assessment of risk 
factors that affect PAD [4,5].
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Purpose: Peripheral arterial disease (PAD) is a common vascular problem and has serious morbidity and mortality in 
advanced situations. However, the prevalence and risk factors for PAD in Korea have not been reported. The purpose of 
this study was to evaluate the prevalence and risk factors of PAD in the Korean population.
Methods: The study was processed by visiting community welfare centers. Inclusion criteria were people who participated 
in this study. Screening was performed by history taking followed by the measurement of ankle brachial index (ABI). PAD 
was defined when an ABI of 0.9 or less was found in one or both legs. All statistical analyses were conducted with SPSS 
ver. 22.0.
Results: Between January 2008 and December 2012, a total of 2,044 participants were included with 810 men (39.6%) 
and 1,234 women (60.4%). PAD was detected in 95 (4.6%). Borderline ABI (0.91–0.99) showed in 212 (10.4%), and severe 
decreased ABI defined as 0.5 or less showed in 3 (0.1%). Significant risk factors for PAD were old age (odd ratio, 1.952; P 
= 0.045), hypertension (odd ratio, 1.645; P = 0.050), and cardiovascular disease (odd ratio, 2.047; P = 0.039). Significant risk 
factors for borderline PAD were old age (odd ratio, 1.019; P = 0.024), hypertension (odd ratio, 1.461; P = 0.038), and chronic 
obstructive lung disease (odd ratio, 3.393; P = 0.001).
Conclusion: The prevalence of PAD in the Korean population was 4.6%. Old age, hypertension, and cardiovascular disease 
were significant risk factors for PAD. Further nationwide study is needed.
[Ann Surg Treat Res 2019;97(4):210-216]
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However, the prevalence of asymptomatic PAD in Korea 
and analysis thereof according to the specific range of ABI 
values has not been reported. The purpose of this study was to 
evaluate the prevalence and risk factors of asymptomatic PAD 
in the Korean population.

METHODS

Study participants
This study was based on the data of noninstitutionalized 

citizens who voluntarily participated from 2008 to 2012. The 
study took place in 6 cities in Korea, which were Gangdong-gu 
of Seoul, Hanam, Uiwang, Guri, Namyangju, and Ulsan cities. A 
total of 3,030 participants who agreed to enroll were recruited 
from community welfare centers in each city. People who 
had previously been diagnosed with PAD or did not agree to 
participate were excluded. A population-based sample of 2,044 
was included. Visits to each community center were made for 
history taking, completion of a questionnaire, and physical 
examination. Past medical history, familial history, and 
personal medical history were also obtained for the evaluation 
of risk factors for PAD.

This study was approved by the Institutional Review Board 
of Kyung Hee University Hospital at Gangdong, Seoul, Korea 
(KHMNC 2010-019). The Institutional Review Board waived 
the need of participant’s consent due to no information of 
participant’s identification.

Diagnostic criteria
For diagnosis of PAD, the participant was required to rest for 

at least 5 minutes. Afterwards, a standard blood pressure cuff 
was placed around the ankles and arms. The subject was laid 
in the supine position. The systolic blood pressure (SBP) in the 
bilateral arms (Brachial) was measured. The systolic pressures 
of the posterior tibial (PT) artery or, if absent, the dorsalis pedis 
artery of bilateral ankles was also measured. The ankle brachial 
index (ABI) was calculated by dividing the ankle SBP by the 
higher brachial one. The ABI was used to classify participant 
into 4 categories; PAD was defined as an ABI of 0.9 or less in 
either lower extremity [2,6], Borderline PAD was defined as an 
ABI 0.90 to 0.99, severe PAD was lower than 0.5 in either lower 
extremity.

Definition of variables
Body mass index (BMI) was defined as body weight in 

kilograms divided by height in meters squared. Hypertension 
was defined as an SBP over 140 mmHg and/or diastolic blood 
pressure over 90 mmHg in an individual currently taking 
antihypertensive medication. Other past medical history, 
familial history, and social history were obtained based on a 
self-reported questionnaire completed either before or after 

the measurement of blood pressure. Diabetes, hyperlipidemia, 
pulmonary disease, cardiovascular disease (previous myocardial 
infarction, angina, and heart failure), cerebrovascular disease 
(stroke and transient ischemic attack) and chronic kidney 
disease (decreased renal function despite treatment or on 
dialysis) were examples of past medical history. A smoker was 
defined in cases who have smoked at least a hundred cigarettes 
during their life and defined on the basis of self-report. A 
positive history for drinking was defined as a person who 
drank more than half a bottle of beer twice per week. Exercise 
was defined by when they had a regular exercise plan such as 
walking, cycling, stair climbing, tiptoe raises, dancing, or static/
dynamic leg exercises for more than 30 minutes.

Statistical analysis
Baseline characteristics such as demographics, medical 

history, and social history were summarized. Measurable 
parameters were expressed as mean ± standard deviation 
and analyzed by a chi-square test or paired t-test. Descriptive 
statistics were performed using IBM SPSS Statistics ver. 22.0 
(IBM Co., Armonk, NY, USA). P-value < 0.05 was considered 
statistically significant. 

Table 1. Characteristics of the study populations (n = 2,044)

Variable Value

Age (yr), mean ± SD (range) 67.3 ± 9.1 (26–100)
Sex, male:female 810 (39.6):1,234 (60.4)
BMI (kg/m2), mean ± SD (range) 24.4 ± 3.1 (15.9–40.6)
Past medical history
    Hypertension 569 (27.8)
    Hyperlipidemia 434 (21.2)
    Diabetes 225 (11.0)
    Cardiovascular diseasesa) 111 (5.4)
    Cerebrovascular diseasesb) 82 (4.0)
    Chronic obstructive pulmonary 

disease
42 (2.1)

    Chronic kidney diseases 16 (0.8)
Family history
    Stroke 372 (18.2)
    Peripheral arterial disease 30 (1.5)
Social history
    Smoking 686 (33.6)
    Drinking (>3 days/wk) 632 (30.9)
    Regular exercise 1,314 (64.3)

Values are presented as number (%) unless otherwise indicated.
SD, standard deviation; BMI, body mass index.
a)Including the history of previous myocardial infarction, angina 
or heart failure. b)Including the history of the stroke or transient 
ischemic attack.
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RESULTS

Characteristics of study populations and prevalence 
of PAD
The characteristics of the study population are summarized 

in Table 1. A total of 2,044 subjects were enrolled in this study. 
Among them, the female population was 1,234 (60.4%). The 
mean age of the enrolled population was 67.3 ± 9.1 years (range, 
26–100 years). The mean BMI was 24.4 ± 3.1 kg/m2 (range, 15.9–
40.6 kg/m2). As the risk factors for the development of PAD, 
hypertension was most common followed by hyperlipidemia, 
diabetes, cardiovascular disease, cerebrovascular disease, 
chronic obstructive pulmonary disease, and chronic kidney 

disease. Stroke was the most common in terms of family 
history. About one-third of the subjects were smokers and 
drinkers.

Prevalence of PAD
The prevalence of PAD and borderline PAD by age groups 

were shown in Table 2. Among 2,044 participants, PAD was 
detected in 95 (4.6%). Among the 95 subjects with ABI ≤ 0.90, 
3 subjects (0.1%) were diagnosed with severe PAD. PAD was 
detected most commonly in age group ≥ 80 years (12; 9.0%), 
followed by 70–79 years (41; 5.3%), 60–69 years (29; 3.8%) and 
50–59 years (10; 3.2%). Borderline PAD in the population was 
detected in 212 (10.4%). The mean ABI decreased with age, 

Table 2. The distribution of population according to the ankle brachial index (ABI) by age

Age (yr) Mean ABI
ABI

Total
≤0.90a) 0.91–0.99b) 1.00–1.40 ≥1.41

≤49 1.13 3 (4.5) 10 (14.9) 52 (77.6) 2 (3.0) 67 (100)
50–59 1.11 10 (3.2) 30 (9.6) 268 (85.9) 4 (1.3) 312 (100)
60–69 1.12 29 (3.8)c) 63 (8.2) 669 (87.5) 4 (0.5) 765 (100)
70–79 1.09 41 (5.3)d) 85(11.1) 638 (83.2) 3 (0.4) 767 (100)
≥80 1.06 12 (9.0) 24 (18.0) 97 (72.9) 0 (0.0) 133 (100)
Total 1.10 95 (4.6) 212 (10.4) 1,724 (84.3) 13 (0.6) 2,044 (100)

Values are presented as number (%).
a)Defined as the peripheral arterial disease. b)Defined as the borderline peripheral arterial disease. c)One of the subjects had ABI value 
of less than 0.5. d)Two of the subjects had ABI value of less than 0.5.

Table 3. Univariate analysis of the risk factors for peripheral arterial disease (PAD)

Variable PAD (+) PAD (-) P-valuea)

No. of patients 95 (4.6) 1,949 (95.4)
Age (yr) 69.4 ± 10.2 67.2 ± 9.1 0.025
Body mass index (kg/m2) 25.1 ± 3.1 24.4 ± 3.1 0.030 
Sex, male:female 47 (49.5):48 (50.5) 763 (39.1):1,186 (60.9) 0.045
Past medical history
    Hypertension 42 (44.2) 527 (27.0) <0.001
    Diabetes 19 (20.0) 19 (1.0) 0.004
    Hyperlipidemia 30 (31.6) 404 (20.7) 0.011
    Cardiovascular disease 12 (12.6) 99 (5.1) 0.001
    Cerebrovascular disease 8 (8.4) 74 (3.8) 0.052
    COPD 2 (2.1) 40 (2.1) 1.000
    Chronic kidney disease 1 (1.1) 15 (0.8) 0.534
Family history
    Stroke 21 (22.1) 351 (18.0) 0.310
    Peripheral arterial disease 1 (1.1) 29 (1.5) 1.000
Social history
    Smoking 45 (47.4) 641 (32.9) 0.003
    Drinking 29 (30.5) 603 (30.9) 0.927
    Regular exercise 56 (58.9) 1,258 (64.5) 0.272

Values are presented as number (%) or mean ± standard deviation.
COPD, chronic obstructive lung disease.
a)Statistical analysis was performed with Student t-test, chi-square test, or Fisher exact test.
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incrementally.

Risk factors for PAD
Table 3 shows the distribution of risk factors among those 

individuals with and without PAD. The PAD group was almost 
2 years older than the non-PAD group (69.4 years vs. 67.2 
years, P = 0.025). The BMI was higher in the PAD group with 
statistical significance. The typical risk factors such as hypertension 
(P < 0.001), diabetes (P = 0.004), hyperlipidemia (P = 0.011), 
and history of cardiovascular disease (P = 0.001) were more 
common in PAD group. As part of social history, smoking was 
more common in the PAD group (47.4% vs. 32.9%, P = 0.003).

Table 4 shows the odds ratio of risk factors for PAD by 
univariate analysis. The history of cardiovascular disease 
was highly associated with PAD (odds ratio [OR], 2.705; 95% 
confidence interval [CI], 1.429–5.120; P = 0.002). Other risk 
factors such as old age (OR, 1.028; 95% CI, 1.004–1.053; P = 
0.025), male gender (OR, 0.656; 95% CI, 0.435–0.992; P = 
0.045), hypertension (OR, 2.141; 95% CI, 1.411–3.249; P < 
0.001), diabetes (OR, 2.118; 95% CI, 1.255–3.573; P = 0.005), 
hyperlipidemia (OR, 1.767; 95% CI, 1.131–2.761, P = 0.012), and 
smoking (OR, 1.839; 95% CI, 1.216–2.782; P = 0.004) showed 
significant risk factor for the development of PAD.

Table 4. Univariate analysis for peripheral arterial disease 
(ABI ≤ 0.90)

Risk factor Odds ratio (95% CI) P-value

Age 1.028 (1.004–1.053) 0.025
Male sex 0.656 (0.435–0.992) 0.045
Body mass index >25 kg/m2 1.147 (0.755–1.744) 0.521
Hypertension 2.141 (1.411–3.249) <0.001
Diabetes 2.118 (1.255–3.573) 0.005
Hyperlipidemia 1.767 (1.131–2.761) 0.012
Cardiovascular disease 2.705 (1.429–5.120) 0.002
Cerebrovascular disease 2.332 (1.090–4.990) 0.029
COPD 1.027 (0.245–4.316) 0.971 
CKD 1.373 (0.179–10.505) 0.760 
Smoking 1.839 (1.216–2.782) 0.004
Drinking 0.979 (0.626–1.531) 0.927
No regular exercise 0.791 (0.520–1.203) 0.273

ABI, ankle brachial index; CI, confidence interval; COPD, 
chronic obstructive lung disease; CKD, chronic kidney disease.

Table 5. Univariate analysis for borderline peripheral arte-
rial disease (ABI: 0.91–0.99)

Risk factor Odds ratio (95% CI) P-value

Age 1.014 (0.998–1.030) 0.095
Male sex 1.044 (0.779–1.400) 0.771 
Body mass index >25 kg/m2 1.192 (0.892–1.593) 0.235 
Hypertension 1.712 (1.270–2.307) <0.001
Diabetes 1.272 (0.825–1.960) 0.276 
Hyperlipidemia 1.688 (1.228–2.322) 0.001
Cardiovascular disease 2.042 (1.211–3.441) 0.007
Cerebrovascular disease 1.797 (0.970–3.329) 0.062 
COPD 3.227 (1.588–6.559) 0.001
CKD 0.000 (0.000–0.000) 0.999 
Smoking 1.161 (0.862–1.564) 0.326 
Drinking 0.960 (0.704–1.309) 0.794 
No regular exercise 0.735 (0.550–0.983) 0.038

ABI, ankle brachial index; CI, confidence interval; COPD, 
chronic obstructive lung disease; CKD, chronic kidney disease.

Table 6. Multivariate analysis for risk factors

Risk factors
PAD (ABI ≤ 0.90) Borderline PAD (ABI: 0.91–0.99) 

Odds ratio (95% CI) P-value Odds ratio (95% CI) P-value

Age (by decade) 1.952 (0.520–7.330) 0.045 1.019 (1.003–1.037) 0.024
Male 0.973 (0.483–1.960) 0.939 1.019 (1.003–1.037) 0.188
Body mass index >25 kg/m2 1.080 (0.700–1.665) 0.729 1.164 (0.864–1.570) 0.318
Hypertension 1.645 (0.996–2.718) 0.050 1.461 (1.020–2.091) 0.038
Diabetes 1.264 (0.696–2.297) 0.441 0.791 (0.487–1.285) 0.344
Hyperlipidemia 1.312 (0.791–2.178) 0.293 1.382 (0.962–1.984) 0.080
Cardiovascular disease 2.047 (1.038–4.036) 0.039 1.608 (0.924–2.797) 0.093
Cerebrovascular disease 0.817 (0.184–3.632) 0.791 1.278 (0.674–2.422) 0.453
COPD 1.415 (0.638–3.138) 0.393 3.393 (1.603–7.178) 0.001
Chronic kidney disease 0.961 (0.115–8.045) 0.971 0.000 (0.000–0.000) 0.998
Smoking 1.818 (0.908–3.643) 0.092 1.462 (0.892–2.399) 0.132
Drinking 0.909 (0.563–1.468) 0.697 0.988 (0.710–1.374) 0.943
No regular exercise 0.830 (0.541–1.273) 0.393 0.752 (0.559–1.011) 0.059

PAD, peripheral arterial disease; ABI, ankle brachial index; CI, confidence interval; COPD, chronic obstructive lung disease.
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Risk factors for borderline PAD
The univariate analysis for borderline PAD is shown in Table 

5. The history of COPD was highly associated with borderline 
PAD (OR, 3.227; 95% CI, 1.588–6.559; P = 0.001). In addition, 
hypertension (OR, 1.712; 95% CI, 1.270–2.307; P < 0.001), 
hyperlipidemia (OR, 1.688; 95% CI, 1.228–2.322, P = 0.001), 
and cardiovascular disease (OR, 2.042; 95% CI, 1.211–3.441; P = 
0.007) were statistically significant risk factors.

Multivariate logistic regression for PAD and 
borderline PAD
Multivariate analysis adjusted for age, sex, BMI, self-reported 

past medical histories and social histories were done. Table 6 
shows the multivariate analyses for PAD and borderline PAD 
adjusted for variables previously mentioned and results were 
presented as OR. Old age (OR, 1.952; 95% CI, 0.520–7.330; P = 
0.045), hypertension (OR, 1.645; 95% CI, 0.996–2.718; P = 0.050), 
and history of cardiovascular disease (OR, 2.047; 95% CI, 1.038–
4.036; P = 0.039) remained statistically significant for PAD. For 
borderline PAD, old age (OR, 1.019; 95% CI, 1.003–1.037; P = 
0.024), hypertension (OR, 1.461; 95% CI, 1.020–2.091; P = 0.038), 
and history of COPD (OR, 3.393; 95% CI, 1.503–7.178; P = 0.001) 
were significant risk factors for borderline PAD.

DISCUSSION
As the population ages, PAD is likely to become an increasing 

issue. Previous prevalence estimates for PAD have derived 
individuals from hospital settings, which would be expectedly 
overestimated because of the concern of disease in the general 
population. In particular, studies published in Korea have 
mostly reviewed the prevalence of PAD in association with risk 
factors such as history of ischemic heart disease, stroke, and 
smoking. These studies including only under a hundred people 
cannot be applied to the population because of selection bias 
and the small scale of the studies [4,5,7]. We selected welfare 
centers in order to represent the population while minimizing 
selection bias. The total number of participants was increased 
to create a larger-scale research.

In earlier epidemiological studies carried out in Western 
countries on adult populations, which used same diagnostic 
criteria, the prevalence of PAD was about 4.5% [3,8]. In the 
present study, the prevalence of PAD in Korean adults was 
4.6%. When the prevalence of PAD was compared with that of 
Western countries, it showed a similar prevalence in the Korean 
population.

The results of the present study showed that PAD dispro-
portionately affects older individuals. This is consistent with 
previous studies [7,9,10]. We also demonstrated that there was 
a particularly high prevalence of PAD among smokers than in 
persons who are nonsmokers. The smokers were divided into 

‘yes (ex- and current smokers)’ and ‘no’ and this factor was 
analyzed as well. We formed the questionnaire to determine 
either former or current smoker. Interestingly, we were able 
to confirm that the accumulation of smoking being associated 
with a higher risk of PAD was consistent with previous studies 
[4,11-13].

The results of the present study showed that PAD was in fact 
not associated with “traditional” cardiovascular risk factors 
such as diabetes, hyperlipidemia, and status of smoking in 
multivariate analysis. This result showed discordance with 
previous studies [14-18]. Explanation to clarify these results 
was as of yet insufficient. However, we found the reason in 
the methods. The use of self-reported data for past medical 
history could underestimate the prevalence because most of 
these patients received management from hospitals rather 
than community welfare centers in Korea. Further studies are 
needed to clarify this association.

Borderline PAD, in which ABI was 0.91 to 0.99, was associated 
with increased risk of premature death and severe events [19]. 
The current study revealed that the prevalence of borderline 
PAD was 10.4%, and this is comparable to previous studies 
with 8.7% of prevalence in reports of United States (US) adults 
> 40 years of age [20]. Prior studies mentioned persons with 
borderline PAD showing higher rates of functional decline 
such as mobility loss and progress to walk for 6 minutes 
continuously at 5-year follow-up [5,13,21]. Furthermore, 
according to previous reports, borderline PAD itself was a risk 
factor for cardiovascular disease even after modification of 
other traditional cardiovascular risk factors [7,8]. Our study 
shows the prevalence of asymptomatic borderline PAD was 
10.4% of the population with a much higher prevalence in older 
populations (11.4% and 16.9% in 70s and 80s, respectively). Our 
study will contribute to early diagnosis and active treatment 
for persons with borderline PAD, and may result in improved 
functional outcome and reduce the risk of cardiovascular 
disease.

In addition, we conducted analyses on severe PAD with 
an ABI < 0.5. Diagnosis of severe PAD and timely treatment 
for these patients is extremely important because it has a 
significant impact in the aspects of medical cost, patient 
morbidity, and patient’s quality of life. Previously published 
studies showed that severe PAD is associated with severe 
complications such as limb loss, and is associated with a higher 
mortality rate. Our study showed the prevalence of severe PAD 
was 0.1%, which is lower than the rate of the report of the US 
population by Baxter et al. [22] at 0.32%. We had no subgroup 
analysis on these severe PAD groups compared with borderline 
ABI or normal ABI groups because this study focused on the 
epidemiology of PAD according to ABI values. We speculated 
that the root of this finding was our study design. Our study 
was conducted based on community welfare centers in big 
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cities only. Therefore, there is a possibility that people who 
are more interested in health, and who manage their health, 
have participated and have a tendency to be sensitive and well-
managed in health. If we collect the data from small cities or 
rural communities with differences in diet and lifestyle, the 
prevalence may be different. We hope future study will cover 
this area.

There were several limitations that deserve consideration 
before application of these results to the population. The first 
limitation was that the designated locations in our study 
included only metropolitan areas. Secondly, the people who 
visit welfare centers tend to have a higher interest in health 
and are in a relatively better physical condition. Because of 
this form of bias, our study results are likely to underestimate 
the observed associations between risk factors and PAD. Thus, 
we cannot claim that the results of this study are an accurate 
representation of the Korean general population.

However, this study was carried out on a large scale with a 
total of 2,044 participants and this statistical power allowed 

the differences between the subject groups to be clarified. 
Furthermore, although the results of this study are similar with 
previous studies, our study included a substantially younger 
population. Therefore, regardless of these limitations, this 
study can provide an important description of PAD prevalence 
and risk factors in the Korean population.

In conclusion, the prevalence of PAD was 4.6% in the Korean 
population. Aging and history of cardiovascular disease were 
the significant risk factors of PAD. Also, borderline PAD was 
found in 10.4% of the population, and old age, hypertension, 
and COPD were significant risk factors. Severe PAD was found 
in 0.1% of the population. Further study is needed on a national 
scale.
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