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Abstract 

Low ankle-brachial index is a predictive factor for initial severity of 

acute ischemic stroke 

 
Dong Hyun Lee 

 
Department of Medicine 

 The Graduate School, Yonsei University  
 
 

(Directed by Professor Ji Hoe Heo) 
 

A low ankle-brachial index (ABI) is predictive of peripheral arterial 
disease (PAD). For unknown reasons, patients with PAD demonstrate 
higher vascular mortality during follow-up than do those without. Initial 
stroke severity is a strong predictor of long-term outcome, and so we 
investigated whether a low ABI was associated with severe stroke 
presentation. We enrolled 1,156 consecutive first-ever ischemic stroke 
patients who underwent ABI measurements during hospitalization. 
Patients were categorized into the normal (≥ 0.90) or the abnormal (< 
0.90) ABI group. Baseline characteristics and initial National Institutes of 
Health Stroke Scale (NIHSS) scores were compared between the groups. 
We also compared the degrees of improvement in NIHSS score during 
the first week after hospitalization and components of the NIHSS 
subscales in these groups. ABI was abnormal in 85 (7.4%) patients. 
Mean initial NIHSS score was higher in the abnormal ABI group (6.61 ± 
6.56) than the normal ABI group (4.36 ± 4.89)(p=0.003). Improvement in 
the NIHSS score was smaller in the abnormal ABI group between days 3 
and 7. Low ABI was independently associated with higher NIHSS score 
in a multivariate analysis. In the abnormal ABI group, leg weakness was 
more severe than it was in the normal ABI group, and the contribution of 
leg weakness to the initial NIHSS score was higher. Patients with low 
ABI values presented with more severe ischemic stroke. Poor clinical 
outcomes in patients with PAD may be partially explained by their 
increased likelihood for severe stroke. 
---------------------------------------------------------------------------------------- 
Key words : ankle-brachial index, cerebral infarct, peripheral artery 
disease 
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I. Introduction 

 

Ankle-brachial index (ABI), which is closely related to atherosclerosis of the 

lower extremities, is widely used as a marker for peripheral arterial disease 

(PAD).1 ABI measurements are useful as a screening tool for PAD because as 

many as 50% of patients with PAD present without typical symptoms such as 

intermittent claudication or ischemic pain in the lower extremities.2 

 

Atherosclerosis usually involves all vascular beds, including the cerebral, 

coronary, and peripheral arteries.3 ABI is not only a marker of lower limb PAD, 

but may also reflect the severity of systemic atherosclerosis. Large 

population-based, prospective, observational studies suggest that PAD, coronary 

artery disease (CAD) and cerebrovascular disease (CVD) not only share 

vascular risk factors, but also have a clear correlation with each other in the 

progression of atherosclerosis.4-6 Of note, patients with PAD demonstrate higher 

cardiovascular mortality during follow-up than do those with CAD or CVD.7 An 

explanation for the worse vascular outcome in patients with PAD has yet to be 

determined. 

 

Initial stroke severity is a strong predictor of long-term outcome in stroke 
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patients. When considering poor outcomes in patients with PAD, the severity of 

stroke may be different between patients with and without PAD. In this study, 

we investigated the association between low ABI and severity of stroke in 

ischemic stroke patients. 

 

II. Patients and Methods 

1. Patients 

We enrolled consecutive ischemic stroke patients who were admitted to the 

neurology department of Severance Hospital and who were registered in the 

Yonsei Stroke Registry (YSR) from January 2007 to May 2010. The YSR is a 

prospective hospital-based registry for patients with acute ischemic stroke or 

transient ischemic attack (TIA) who had symptom onset within seven days.8 

During admission, all patients were evaluated with stroke imaging protocols, 

which included brain CT and/or magnetic resonance imaging (MRI) and 

cerebral angiographic studies (digital subtraction angiography, MR angiography, 

or CT angiography). Demographic data, medical history, and clinical 

manifestations were thoroughly investigated. Systemic investigations were 

performed in every patient, including 12-lead electrocardiography, chest X-ray, 

and standard blood tests. ABI examination was part of the standard evaluation. 

Stroke subtypes were classified based on the Trial of ORG 10172 in Acute 

Stroke Treatment (TOAST) classification.9 This study was approved by the 

Institutional Review Board of Severance Hospital, Yonsei University Health 

System. 

 

2. ABI measurements 

ABI measurement was performed with an automatic device (VP-1000, Colin, 

Japan) after the patient rested for more than five minutes in a supine position. 

After the individual calibration process, blood pressure (BP) was measured with 

cuffs simultaneously at both brachial arteries of the upper limbs and posterior 
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tibial arteries of the lower limbs. ABI was then calculated automatically in each 

leg and expressed as a ratio of systolic BP in the arm to that in the ankle.1 An 

ABI value less than 0.90 is generally regarded as PAD in the lower extremity 

with more than 50% luminal stenosis.10 Patients were categorized into normal 

(≥0.90) and abnormal (<0.90) ABI groups. 

 

3. Risk factors 

Hypertension was defined as systolic BP ≥140 mmHg or diastolic BP ≥90 

mmHg at least twice during a resting state or as a history of antihypertensive 

medications. Diabetes mellitus was defined as fasting blood glucose ≥7.0 

mmol/L or a history of insulin therapy or oral hypoglycemic agents. 

Hyperlipidemia was defined as serum total cholesterol ≥6.2 mmol/L, 

LDL-cholesterol ≥4.1 mmol/L, or a history of lipid-lowering drugs after 

diagnosis of hyperlipidemia. Patients were considered as current smokers if they 

had smoked any cigarettes within the previous month. 

 

4. Evaluation of neurologic deficits during hospitalization 

Severity of neurologic deficits was determined with the National Institute of 

Health Stroke Scale (NIHSS) in all patients at baseline, one, three and seven 

days after admission and discharge. 

 

5. Statistical analysis 

Windows SPSS (version 17.0, Chicago, IL, USA) and SAS 9.1 (SAS Institute 

INC., Cary, NC) were used for statistical analysis. Results were expressed as 

mean ± standard deviation or median and interquartile range (IQR) as 

appropriate. Two-sample t-tests or Mann-Whitney U tests were used to compare 

continuous variables such as age, body mass index (BMI), and initial NIHSS. 

For categorical variables, a Chi-square test or Fisher’s exact test was used as 

appropriate. Statistically significant (p < 0.05) variables in univariate analyses 
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were selected as independent variables for multivariate analysis. Variables that 

are generally regarded as important factors for ABI values11 and PAD12 were 

also entered for multivariate analysis. Multivariate analyses were performed 

using multiple linear regression analysis with the initial NIHSS score as a 

dependent variable. In addition, to clarify the effect of ABI value on the acute 

clinical course, we performed linear mixed model analysis for the interaction 

between ABI value and NIHSS score changes during hospitalization. For 

analysis about NIHSS subscales between the groups, we estimated a regression 

equation by performing multiple linear regression analysis for each group. 

 

III. Results 

1. Frequency of abnormal ABI 

A total of 1,455 consecutive patients who underwent ABI measurements during 

hospitalization were enrolled for this study. After excluding 109 patients with 

TIA and 190 patients with a history of previous ischemic stroke, 1,156 patients 

with first-ever cerebral infarction were ultimately included for analysis. Of 

these, 694 (60.0%) were men, and the mean age was 64.5 ± 12.37 years. 

There were 85 (7.4%) patients who showed abnormal ABI (<0.90), and these 

patients were typically older, had a lower BMI, more frequent histories of 

previous CAD, and diabetes (Table 1). 

 

2. Stroke severity with abnormal ABI and factors affecting stroke severity 

Initial stroke severity as measured by the mean initial NIHSS score was higher 

in patients with abnormal ABI (6.61 ± 6.56) compared to that in those with 

normal ABI (4.36 ± 4.89) (p = 0.003) (Table 1). Multivariate analysis showed 

that low BMI (p<0.001), abnormal ABI (p = 0.001), no smoking history 

(p=0.044), large artery atherosclerosis (p<0.001), and cardioembolism 

(p<0.001) were associated with a higher initial NIHSS score (Table 2). 
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Table 1. Baseline characteristics of 1,156 patients according to ankle-brachial 

index (ABI) results 

 

 

NIHSS indicates National Institute of Health Stroke Scale. 

*P-values for comparison of ABI groups were calculated using the Mann-Whitney U 

test for age and body mass index and the Chi-square or Fisher’s exact test for other 

variables. 

 

Notably, having abnormal ABI was independently associated with higher 

NIHSS score after adjustment for vascular risk factors and subtypes of stroke. 

 

 
ABI result 

  
P-value* Normal 

(n=1071) 
Abnormal 

(n=85) 

Age, years, mean ± SD 64.07 ± 12.30 70.48 ± 11.78 <0.001 

Male sex (%) 641 (59.9) 53 (62.4) 0.650 

Body mass index, kg/m2, mean ± SD 23.88 ± 3.15 22.75 ± 2.82 0.001 

Hypertension (%) 799 (74.6) 64 (75.3) 0.888 

Diabetes (%) 325 (30.3) 35 (41.2) 0.038 

Hyperlipidemia (%) 143 (13.4) 15 (17.6) 0.267 

Smoking (%) 435 (40.6) 36 (42.4) 0.754 
Previous transient ischemic attack 
(%) 

15 (1.4) 1 (1.2) >0.999 

Atrial fibrillation (%) 190 (17.7) 22 (25.9) 0.062 

Previous coronary artery disease (%) 198 (18.5) 29 (34.1) <0.001 

Initial NIHSS score, mean ± SD 4.36 ± 4.89 6.61 ± 6.56 0.003 

Stroke subtype   0.053 

Lacune 114 (10.6) 7 (8.2)  

Large artery atherosclerosis 229 (21.4) 29 (34.1)  

Cardioembolism 253 (23.6) 19 (22.4)  
Undetermined or other determined 

etiology 
475 (44.4) 30 (35.3)  
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Table 2. Factors affecting initial neurological severity 

ABI indicates ankle-brachial index.

 

Univariate analysis Multivariate analysis 
Non-standardized 
coefficient (B) ± 

SE 

Standardized 
coefficient 

(beta) 
P-value

Non-standardized 
coefficient (B) ± 

SE 

Standardized 
coefficient 

(beta) 
P-value 

Body mass index -0.202 ± 0.047 0.047 <0.001 -0.168± 0.048 -0.105 <0.001 

Abnormal ABI 2.252 ± 0.567 0.116 <0.001 1.924± 0.561 0.099 0.001 

Diabetes -0.698 ± 0.321 -0.064 0.03 -0.564± 0.314 -0.052 0.073 

Smoking -0.793 ± 0.302 -0.077 0.009 -0.743± 0.369 -0.072 0.044 

Sex -0.477 ± 0.304 -0.046 0.117 0.148± 0.370 0.014 0.690 

Age 0.028 ± 0.012 0.069 0.019 0.014± 0.013 0.034 0.273 

Hypertension -0.718 ± 0.342 -0.062 0.036 -0.489± 0.351 -0.042 0.164 

Previous coronary artery disease -0.566 ± 0.375 -0.044 0.132 -0.670± 0.370 -0.053 0.070 

Hyperlipidemia 0.316 ± 0.434 0.021 0.467 0.418± 0.424 0.028 0.325 

Previous transient ischemic attack -0.025 ± 1.276 -0.001 0.984 -0.076± 1.230 -0.002 0.951 

Stroke subtype       

Lacune 2.926 ± 0.450  <0.001 1   

Large artery atherosclerosis 2.443 ± 0.545 0.201 <0.001 2.356± 0.540 0.194 <0.001 

Caridoembolism 3.045 ± 0.541 0.255 <0.001 2.747± 0.539 0.230 <0.001 
Undetermined or other 
determined etiology 0.773 ± 0.501 0.076 0.123 0.625± 0.497 0.061 0.209 
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3. ABI and clinical course 

We compared stroke severity based on the NIHSS score during the first week of 

hospitalization between normal and abnormal ABI patients. NIHSS scores were 

available in 96.8% (1119) of patients at day 1, 99.7% (1153) at day 3, and 

61.8% (714) at day 7. The mean NIHSS score decreased gradually after one and 

three days in both normal and abnormal ABI patients but tended to increase 

after seven days in the abnormal ABI group (Figure 1). 

 

Figure 1. Temporal evolution of NIHSS scores according to ABI value 

 

In both normal (≥0.90) and abnormal ABI (< 0.90) groups, mean NIHSS scores 

decreased over the first three days after admission. Between days 3 and 7, however, 

NIHSS score increased gradually in the abnormal ABI group. Error bars indicate 95% 

confidence intervals. 

 

Stroke severity did influence the length of hospital stay, however, which may 

explain the considerable number of missing NIHSS measurements at day 7. 
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Accordingly, we adjusted baseline NIHSS scores in the linear mixed model. 

That analysis suggested that mean NIHSS score generally decreased at all days, 

but the pattern of decrease in scores over time differed between the normal and 

the abnormal ABI groups (ABI result X hospital day: p=0.020) (Table 3).  

 

Table 3. Results from the linear mixed model analysis of serial NIHSS scores 

over a seven-day period 

 

 

Normal ABI Abnormal ABI P-value 

Difference 
estimate 95% CI Difference

estimate 95% CI  

Day 1 3.671 2.940 - 4.402 4.236 3.394 - 5.079  

Day 3 3.068 2.333 - 3.802 3.358 2.480 - 4.237 ABI result : 0.039, 
day : <0.001 

Day 7 2.483 1.741 - 3.225 3.265 2.321 - 4.209 ABI result X day : 
0.020 

 

To exclude possible effects of initial neurologic deficit on the clinical course, we 

adjusted baseline NIHSS score as a covariate in a linear mixed model analysis. This 

analysis was also adjusted for the covariates of diabetes, smoking, sex, hypertension, 

previous CAD, hyperlipidemia, previous TIA, atrial fibrillation, and stroke subtype. 

Both ABI results (normal vs. abnormal) and hospital day affected NIHSS scores during 

hospitalization. Furthermore, the changes in serial NIHSS scores over time were 

significantly affected by the ABI result (ABI result * day: p=0.020), indicating that the 

patterns of clinical improvement during hospitalization might be different between the 

groups categorized according to ABI values. Accordingly, we performed a post-hoc 

analysis to better specify the differences in pattern between the groups (see text) 

 

To determine the relevant time points responsible for this difference in clinical 

course between the groups, we performed a post-hoc analysis in the model. The 

analysis showed that the degree of improvement (Δ) in mean NIHSS score 

between days 3 and 7 was smaller in the abnormal ABI group than it was in the 
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normal group (Δ mean NIHSS score between days 3 and 7: 0.094 vs. 0.584 

respectively, p=0.029). 

 

4. Analyses of NIHSS subscales 

We investigated which subscales of the NIHSS were associated with and 

contributing to the observed increase in NIHSS scores in the abnormal ABI 

group. Of the subscale items, scores for the level of consciousness (LOC) 

question, LOC command, visual, motor arm, motor leg, and language were 

significantly higher in the abnormal ABI group (Table 4). 

 

Table 4. Comparison of 13 NIHSS subscale scores between ABI groups 

NIHSS subscale items 
Normal ABI 

subscale score 
Mean ± SD 

Abnormal ABI 
subscale score 

Mean ± SD 
P-value 

Level of consciousness 
(LOC) 0.05 ± 0.249 0.10 ± 0.334 0.244 

LOC question 0.21 ± 0.594 0.46 ± 0.810 0.007 

LOC command 0.14 ± 0.483 0.33 ± 0.697 0.014 

Best gaze 0.17 ± 0.473 0.29 ± 0.614 0.071 

Visual 0.32 ± 0.708 0.52 ± 0.868 0.039 

Facial 0.50 ± 0.684 0.59 ± 0.729 0.276 

Motor arm 0.68 ± 1.127 1.20 ± 1.352 0.001 

Motor leg 0.62 ± 1.032 1.22 ± 1.459 <0.001 

Sensory 0.32 ± 0.516 0.31 ± 0.535 0.761 

Ataxia 0.18 ± 0.542 0.20 ± 0.530 0.803 

Language 0.28 ± 0.726 0.51 ± 0.959 0.035 

Dysarthria 0.71 ± 0.651 0.75 ± 0.688 0.553 

Extinction/neglect 0.15 ± 0.499 0.13 ± 0.431 0.723 

ABI indicates ankle-brachial index. NIHSS; National Institute of Health Stroke Scale 
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We estimated the regression equation to elucidate the degree of contribution of 

each subscale to the total NIHSS score. Ten cases of quadri- or paraparesis, 

which were potential confounders for motor arm and motor leg subscales, were 

excluded from this analysis. The level of contribution was expressed as 

standardized coefficients (beta). Motor arm and motor leg subscales were the 

most contributory components to the baseline NIHSS score in both groups. Of 

note, the motor leg subscale was most contributory to the total NIHSS score in 

the abnormal ABI group (beta = 0.263), while it was less contributory (beta = 

0.195) than the motor arm subscale (beta = 0.240) in the normal ABI group 

(Table 5). 

 

Table 5. Contributions of subscales to total NIHSS score 

NIHSS 
components 

Normal ABI Abnormal ABI 

Non-standardi
zed coefficient 
(B) 

Standardized 
coefficient 
(beta) 

Non-standardi
zed coefficient 
(B) 

Standardized 
coefficient 
(beta) 

Level of 
consciousness 
(LOC) 

1.165 0.057 0.896 0.047 

LOC questions 1.040 0.127 1.247 0.161 

LOC commands 0.986 0.097 0.783 0.086 

Best gaze 1.021 0.100 1.036 0.098 

Visual 0.928 0.137 1.036 0.139 

Facial palsy 0.980 0.139 0.917 0.099 

Motor arm* 1.046 0.240 0.740 0.154 

Motor leg* 0.956 0.195 1.317 0.263 

Limb ataxia 1.005 0.114 0.965 0.083 

Sensory 0.974 0.105 0.959 0.082 

Best language 1.015 0.151 0.894 0.134 

Dysarthria 0.990 0.134 1.112 0.118 

Extinction/neglect 1.068 0.112 0.682 0.047 

ABI indicates ankle-brachial index. NIHSS; National Institute of Health Stroke Scale 

*Ten patients who had weakness in either both arms or both legs were excluded from 

this analysis. All P-values < 0.001 
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IV. Discussion 

Patients with low ABI had more severe presentation of ischemic stroke than did 

those with normal ABI. Previous studies have shown worse vascular outcomes 

in patients with PAD. In the Reduction of Atherothrombosis for Continued 

Health (REACH) registry, which enrolled patients with high atherothrombotic 

risks (being diagnosed with cardiovascular disease, cerebrovascular disease or 

PAD, or having three or more risk factors), the highest vascular mortality during 

one- or three-year follow up periods occurred in patients with PAD.7 In a cohort 

study in the primary care setting, compared with patients without PAD, the 

incidence of stroke in those with PAD was doubled but that of fatal stroke was 

tripled, which suggests that the stroke might be more severe in patients with 

PAD.13 In a study that included patients with acute coronary syndromes, stroke, 

and TIA, low ABI was associated with a two-fold increase in all-cause mortality 

during the one-year follow-up period.14 The Oxford Vascular Study (OXVASC) 

suggested that patients with major stroke more frequently had a history of PAD 

than did those with a minor stroke or TIA.15 In our study, the initial presentation 

was more severe and the recovery of neurologic deficits during the acute stage 

was relatively poor in patients with low ABI. Our findings suggest that the 

occurrence of poor outcomes in patients with PAD may be associated with the 

occurrence of an initially severe stroke and reduced recovery during the acute 

stage because initial stroke severity and early neurologic outcomes are the most 

important surrogate markers for predicting long-term outcome and mortality in 

stroke patients.16 

 

The underlying reasons why stroke is more severe in patients with low ABI 

values remain uncertain. In our study, patients with low ABI were older and had 

lower BMI and a more frequent history of CAD and diabetes mellitus. These 

were factors that may be associated with poor long-term outcome of ischemic 

stroke. In previous reports, however, old age and a history of CAD were not 
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predictors of stroke severity.17 In contrast to our result in the multivariate 

analysis, lower BMI was not associated with NIHSS score at admission.18 

Diabetes mellitus is also not believed to contribute to the initial stroke severity, 

although those findings are less certain.19 Thus, these factors had a little, if any, 

effect on initial stroke severity in our study. 

 

Our findings suggest that subclinical or clinical leg dysfunction associated with 

PAD might contribute to severe neurologic deficits in patients with low ABI. 

Leg weakness was more severe in this study in patients with low ABI than it 

was in those with normal ABI. Leg weakness also demonstrated the greatest 

contribution to the increase in NIHSS in the abnormal ABI group. Evidence in 

previous studies suggests that patients with PAD may have subclinical weakness 

in their leg muscles due to chronic ischemic insults. Patients with PAD had 

impaired leg function, reduced strength in the leg muscles,20 and the tendency 

for more rapid decline in leg function during follow-up.21 Those findings are 

supported by pathologic studies showing greater percentages of angular fibers 

and type II fiber atrophy in the leg muscles of PAD patients.22 While our study 

was based on ABI values, impairments of leg function appeared evident even in 

asymptomatic patients whose PAD was determined based on ABI. ABI values 

were independently and more closely associated with functional impairment of 

a leg than was intermittent claudication or other ischemic leg symptoms.23 

Among patients with low ABI (<0.9), those who never experienced exertional 

leg symptoms had worse functional performance, worse quality of life, and 

smaller calf muscles than did those with intermittent claudication.24 This 

previous evidence suggests that leg weakness may be worsened when patients 

with pre-existing PAD, either symptomatic or asymptomatic, suffer from acute 

ischemic stroke, which involves the pyramidal tract. Our findings of more 

severe leg weakness in the abnormal ABI group, as demonstrated by higher 

NIHSS scores, support this hypothesis and may be partially accountable for 
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more severe stroke and poor prognosis in patients with PAD. 

 

Our study had several limitations. First, the criteria that we defined as abnormal 

ABI (<0.90) might include, by definition, only those who had significant PAD 

(usually stenosis >50%) in their lower limbs. Furthermore, the automatic device 

that we used to measure ABI was able to measure BP only from the posterior 

tibial artery. Therefore, this study might underestimate patients with PAD in 

cases of mild PAD or PAD in the dorsalis pedis artery. Second, most of the 

patients we diagnosed as having PAD did not undergo confirmative procedures 

such as conventional or computed tomographic angiography. The results of ABI 

are fairly comparable to those of angiographic studies, however, as 

demonstrated by the high specificity and accuracy of the test in numerous 

previous studies.10 Finally, our findings should only be applied to hospitalized 

patients with acute ischemic stroke.  

 

V. Conclusion 

A low ABI was associated with severe presentation of ischemic stroke. 

Contribution of pre-existing PAD to leg weakness may play a role in the initial 

severity of stroke in patients with PAD. Our results may help explain why, 

compared to other vascular diseases, the prognosis of patients with PAD is 

worse during follow-up. 
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Abstract (in Korean) 

뇌경색 환자에서 발목 상완지수와 초기 신경학적 중증도의 

연관성 

 

<지도교수 허 지 회 > 

 

연세대학교 대학원 의학과 

 

이 동 현 

 

발목 상완지수 (이하 ABI라고 함)가 낮으면 말초 혈관질환을 
예측할 수 있다. 말초혈관질환이 있는 환자를 추적 관찰하면 
혈관 질환에 의한 높은 사망률로 예후가 나쁘지만, 명확한 
원인은 밝혀져 있지 않다. 뇌경색의 중증도는 장기적 예후의 
주요 결정인자이므로 저하된 ABI가 뇌경색의 중증도와 
연관되어 있는지 알아보았다. 생애 처음 발병한 뇌경색으로 
입원하여 ABI를 측정한 1156명의 환자를 대상으로 하였고, 
ABI가 0.9이상이면 정상군, 0.9미만이면 비정상군으로 
분류하였다. 두 군 사이에 기초 속성, 초기 뇌졸중척도 (이하 
NIHSS라 함) 점수, 입원 중 첫 7일간 NIHSS점수의 호전 정도, 
NIHSS의 하부척도의 차이를 비교하였다. 비정상 ABI는 
85명(7.4%)의 환자에서 나타났다. 뇌경색의 중증도를 반영하는 
초기 NIHSS점수가 정상군 (4.36 ± 4.89) 에 비해 비정상군 (6.61 ± 
6.56) 에서 높았고, 입원 3일과 7일사이에 NIHSS점수의 호전 
정도가 비정상군에서 작았다. 다변량 분석에서도 비정상 ABI가 
높은 NIHSS점수와 독립적으로 연관되어 있었다. 정상군과 
비교해서 비정상군이 하지 위약이 더 심했고, 하지 위약 
하부척도가 초기 NIHSS점수에 기여하는 정도도 정상군보다 더 
컸다. 본 연구에서는 ABI가 비정상인 환자가 중증도가 높은 
뇌경색으로 내원함을 밝혔고, 추적 관찰 중의 말초혈관질환 
환자가 보이는 나쁜 예후에 대하여 부분적으로 설명할 수 있을 
것으로 보인다. 
---------------------------------------------------------------------------------------- 

핵심되는 말 : 발목상완지수, 뇌경색, 말초혈관질환 


