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INTRODUCTION

Being a manifestation of systemic atherosclerosis,
peripheral artery disease (PAD) may still be underdiag-
nosed in primary care practice(1). Most studies on stroke
have addressed incidence and risk factors(2-5). Only few
have focused on prognosis and outcome(6,7). Ankle
brachial index (ABI), a marker of PAD or systemic ath-

erosclerosis, is valuable in the prediction of the inci-
dence of cardiovascular events(8-12). Recent studies have
established a strong correlation between ischemic stroke
and low ABI(8,9,13). However, the relationship between
ABI and the prognosis of ischemic stroke is still
unknown. The measurements of ABI, color-coded
carotid duplex (CCD) and electrocardiography (ECG)
are non-invasive and thus are convenient tools for the
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detection of atherosclerosis(13). A hospital-based investi-
gation was conducted to analyze the relationship
between atherosclerosis and the outcome following acute
ischemic stroke.

MATERIALS AND METHODS

We prospectively recruited patients who were admit-
ted within three days under the diagnosis of acute
ischemic stroke to Chang Gung Memorial Hospital,
Linkou, Taiwan, for a period of three months. The diag-
nosis of ischemic stroke was established by clinical fea-
tures, and brain computed tomography or magnetic reso-
nance imaging. Clinical and laboratory information,
including ABI, CCD, and ECG were collected. Patients
with age ≤ 40 years or ABI ≥ 1.5 were excluded. Sixty-
eight consecutive eligible patients were enrolled in this
study.

The clinical features and risk factors of stroke were
determined by reviewing medical records in detail. Risk
factors, including hypertension, diabetes mellitus, hyper-
lipidemia, heart diseases, previous strokes, smoking and
alcoholism, were recorded(4). Both at admission and at
discharge, National Institutes of Health stroke scale
(NIHSS)(14) and Barthel index (BI)(15) were measured to
evaluate the neurological deficits and the functional sta-
tus of these patients, respectively.

ECG findings such as depression in the S-T seg-
ment, T wave inversion or Q wave were interpreted by
cardiologists. A trained member of the medical staff
measured ABI. As a description of the severity and the
spreading distribution of carotid atherosclerosis, plaque
score ≥ 3 on the CCD was defined as significant carotid
arterial stenosis(12,16). Patients were classified as prevalent
cardiovascular disease (PCVD) if they had one or more
of the following conditions: (1) ABI ≤ 0.9, (2) ischemic
heart disease or abnormal ECG, and (3) plaque score ≥ 3
on the CCD(12,17). To analyze the characteristics of athero-
sclerosis in these patients, we subgrouped them in two
different ways. The patients were classified by the pres-
ence or absence of PCVD in Table 1. The same 68
patients were also classified by the presence or absence
of PAD in Table 2.

Ankle brachial index
A 5 MHz Doppler device (Elite-100R, Nicolet

Vascular Inc, Golden, Colo) was used to measure ABI.
Systolic blood pressure was recorded at the brachial, the
dorsal pedal, and the posterior tibial arteries on both
sides in supine position in each subject. The ABI of each
leg was calculated by the ratio between the higher of the
two ankle systolic pressures in that leg by the brachial
systolic pressure. The subject was considered to have
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Table 2. Risk factors in patients with and without peripheral artery
diseases (PAD) following acute ischemic stroke

N (%)
PAD, Non-PAD, Odds Raito

N=12 N=56 (95% CI)

Male 4  (33) 27  (48) 0.53 (0.14 - 1.99)

Age ≥ 65** 11  (92) 30  (54) 9.53 (1.15 - 78.90)*

Hypertension** 11  (92) 39  (70) 4.79 (0.57 - 40.14)

Diabetes mellitus** 8  (67) 20  (36) 3.60 (0.96 - 13.46)

Old stroke** 7  (58) 19  (34) 2.73 (0.76 - 9.75)

Heart Disease** 4  (33) 14  (25) 1.50 (0.39 - 5.75)

Smoking** 3  (25) 15  (27) 0.91 (0.22 - 3.82)

Alcoholism** 1  (  8) 6  (11) 0.75 (0.09 - 6.94)

Hyperlipidemia** 7  (58) 23  (41) 2.00 (0.57 - 7.12)

* P <0.05 after adjustment for sex; ** Inference from Fisher’s exact

test.

CI: confidence interval; N: case number.

Table 1. Risk factors in patients with and without prevalent cardio-
vascular diseases (PCVD) following acute ischemic
stroke

N (%)
PCVD, Non-PCVD, Odds raito

N=19 N=49 (95% CI)

Male 8  (42) 23  (47) 0.82 (0.28 - 2.40)

Age ≥65 years 17  (89) 24  (49) 8.85 (1.84 - 42.50)#

Hypertension 18  (95) 32  (65) 9.66 (1.10 - 84.58)*

Diabetes mellitus 10  (53) 18  (37) 1.91 (0.66 - 5.59)

Old stroke 10  (53) 16  (33) 2.29 (0.78 - 6.75)

Heart disease 8  (42) 10  (20) 2.83 (0.90 - 8.92)

Smoking 4  (21) 14  (29) 0.67 (0.19 - 2.36)

Alcoholism** 2  (11) 5  (10) 1.04 (0.18 - 5.86)

Hyperlipidemia 11  (58) 19  (39) 2.17 (0.74 - 6.37)

# P<0.05 after adjustment for sex; * P<0.05 after adjustment for age

and sex; ** Inference from Fisher’s exact test.

CI: confidence interval; N: case number.
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PAD if the ABI of either leg was ≤ 0.90(8). The sensitivity
of ABI is 95%, and the specificity is almost 100% for an
angiographically defined stenosis of at least 50% in a
major leg artery(18).

Carotid ultrasound
Color flow imaging with ATL (Bothell, Wash) HDI

3000 was used to evaluate the extent and severity of
carotid atherosclerosis in each patient. The plaque scor-
ing system is modified from that of Sutton et al(18). The
examination sites included the proximal (≥ 20 mm proxi-
mal to bulb bifurcation) and distal (< 20 mm proximal to
bulb bifurcation) common carotid arteries, carotid bulb
bifurcations, internal carotid arteries, and external
carotid arteries bilaterally. Each chosen segment was
graded as the following: grade 0, normal; grade 1, a
diameter stenosis < 30%; grade 2, 30% to 49% stenosis;
grade 3, 50% to 99% stenosis; grade 4, 100% occlusion.
The plaque score was the sum of plaque grades in each
segment of the carotid arteries. Duplex sonographic cri-
teria for the examination of the carotid artery were
detailed in another report(19). The overall accuracy of the
diagnosis of occlusive carotid artery disease exceeded
90% at our neurosonology laboratory. All of the duplex
scans were conducted by an experienced ultrasonograph-
er and the results were interpreted by the same neurolo-
gist, who didn’t know the patients’ underlying condi-
tions.

Statistical methods
SAS version 9.0 programs (SAS Institute Inc., New

York, USA) were used for statistical analyses. The
effects of risk factors on the presence or absence of
PCVD and PAD were analyzed using the chi-square test
or Fisher’s exact test if the sample was small. Multiple
logistic regression was adopted to adjust for age and sex.
The outcome of acute ischemic stroke was measured by
NIHSS and BI. The comparisons of length of hospital
stay, NIHSS, and BI between patients with or without
PCVD and PAD were analyzed with Wilcoxon rank sum
test. Multiple linear regression was performed to exam-
ine whether the association between atherosclerosis
(measured by PCVD and PAD) and stroke outcome

(measured by NIHSS and BI) was independent of other
risk factors, including age, sex, hypertension, diabetes
mellitus, previous strokes, ischemic heart diseases, and
hyperlipidemia. In addition, the initial disability and the
length of hospital stay were also taken into consideration
when referring to the effects of PCVD and PAD on the
neurological and functional status at discharge and
improvement capacity. P values < 0.05 were regarded as
significant.

RESULTS

Among the 68 consecutive ischemic stroke in-
patients, 19 (28%) were regarded to have PCVD for the
presence of at least one positive atherosclerotic result in
the ABI, CCD and ECG examinations. Out of the 19
patients, abnormal ABI was observed in 12 patients,
abnormal CCD in 8, and abnormal ECG in 4. The mean
age was 66.3 12.1 years. The incidence of age ≥ 65
years (P < 0.01, odds ratio = 8.85) and hypertension (P =
0.04, odds ratio = 9.66) were statistically significant
higher in patients with PCVD after adjustments for age
or sex (Table 1). Patients with abnormal ABI tended to
be older (P = 0.04, odds ratio = 9.53) (Table 2). 

In Table 3, the length of hospital stay, the values of
NIHSS and BI at admission as well as at discharge, and
the difference between these two values (the admission-
discharge difference) were compared between patients
with or without PCVD and PAD by Wilcoxon rank sum
test. No statistical significance was observed in the
length of hospital stay and NIHSS scores. The patients
with PCVD had lower BI scores both at admission and at
discharge, and a smaller admission-discharge BI score
difference than the patients with non-PCVD. Similar
results were also noted in the comparison between PAD
and non-PAD patients. With multiple linear regression
after adjustment for the initial functional status at admis-
sion, the length of hospital stay, age, sex, and other
major stroke risk factors, the BI at discharge and the BI
difference were significantly lower in PCVD patients
than in non-PCVD patients (Table 3).

In this study, there were 3 patients with coronary
artery disease, 1 with angina pectoris, and 3 with con-
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gestive heart failure of New York Heart Association
function class II. However, these three cardiac factors
didn’t show significant association with BI at admission,
BI at discharge, and BI difference.

DISCUSSION

An ABI cut-off point of 0.9 or less has been used in
clinical practice and epidemiologic studies as an indica-
tor of PAD(20-22). It has been associated with clinical coro-
nary heart disease, stroke and preclinical carotid
plaques(10,12,23). Atherosclerosis is a systemic disorder and
may be implicated by low ABI, coronary heart disease
and carotid stenosis on the CCD(10,13). The relationship
between low ABI and cerebral infarction has been con-
firmed in earlier investigations(8-13). In outcome studies of
cerebral infarction, stroke etiology, initial severity of
stroke, age, and onset-admission interval were found to
be prognostic factors relevant to functional outcome(7,24-

26). However, knowledge of the relationship between sys-
temic atherosclerosis and prognosis of stroke is limited. 

Both NIHSS and BI are widely applied in the assess-
ment of stroke outcome. NIHSS emphasizes the deficits
in neurological performance, while BI is designed to
evaluate the limitations in the activities of daily liv-

ing(14,15). In this work, the functional outcome and
improvement following acute ischemic stroke measured
by BI are worse in patients with the composites of
PCVD. In the stepwise linear regression model used to
analyze the effects on the functional outcome, the
explanatory variables include the PCVD, the BI at
admission, the length of hospital stay, age, sex, hyperten-
sion, diabetes mellitus, previous strokes, ischemic heart
diseases and hyperlipidemia. Both the PCVD and the BI
at admission showed significant adverse effect on the BI
at discharge and the BI difference. The neurological
deficits and improvement (NIHSS) also tend to be worse
in PCVD and PAD groups, although statistical signifi-
cance was not reached (Table 3). These findings suggest
a worse compensatory capacity in patients with evi-
dences of systemic atherosclerosis that may be a vascu-
lar burden on the functional outcome and improvement
in addition to the initial disability.

Despite the systemic atherosclerotic vascular bur-
dens, the subtypes of cerebral infarctions are also an
important predictor of stroke outcome. For example, car-
dioembolic infarct is associated with the worst short-
term prognosis, which may be related to cardiac comor-
bidities and neurological deficits(27). In this study, about
10% of cerebral infarction was attributed to cardioem-

Table 3. Comparison of the length of hospital stay, National Institute of Health stroke scale (NIHSS) and Barthel index (BI) in patients with
and without evidence of atherosclerosis following acute ischemic stroke 

Systemic Atherosclerosis Peripheral Atherosclerosis

PCVD Non-PCVD P-value# PAD Non-PAD P-value#

Length of hospital stay (N) 19 49 12 56

days 16 (10-27) 7 (11-20) 0.06 16 (10.5-33) 12.5 (6.5-20.5) 0.08

NIHSS scores (N) 19 49 12 56

at admission 6 (4-20) 6 (3-8) 0.42 5.5 (2-14) 6 (3-10) 0.99

at discharge 5 (3-15) 4 (2-6) 0.19 4.5 (1.5-11.5) 4 (2.5-7) 0.81

difference 0 (0-2) 1 (0-3) 0.29 1 (0-2) 1 (0-2.5) 0.96

BI scores (N) 18 49 11 56

at admission 42.5 (20-95) 55 (35-95) 0.28 45 (20-100) 55 (30-90) 0.83

at discharge 52.5 (10-100) 90 (55-100) 0.05* 55 (10-100) 82.5 (50-100) 0.42

difference 0 (0-10) 10 (0-25) 0.03* 0 (0-5) 7.5 (0-25) 0.04

# P-value was inferred from Wilcoxon rank sum test. * P-value < 0.05 was inferred from multiple linear regression after adjustment for the BI at

admission, length of hospital stay, age, sex, hypertension, diabetes, old stroke, ischemic heart disease, and hyperlipidemia.

The numbers in the cells represent median with the first and third quantiles.

N: Case number; PCVD: prevalent cardiovascular disease; PAD: peripheral artery disease; NIHSS difference: subtraction of NIHSS at dis-

charge from NIHSS at admission; BI difference: subtraction of BI at admission from BI at discharge.
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bolism, the patients of which had worse BI at admission
and at discharge. However, the functional improvement
capacity was similar to the other subtypes of stroke (data
not shown). The interaction between systemic athero-
sclerosis or cardioembolism and stroke prognosis should
be investigated in further studies.

A similar discordance has been noted in relation to
the risk factor of age(28). Age has been established in
prior studies to be an important factor in the determina-
tion of stroke outcome(6,7,18,28). Older patients had a ten
times lower response rate to rehabilitation than younger
patients(6). Age also influenced the level of activity of
daily living at discharge(28,29). In this study, the prognostic
effect of atherosclerosis on functional improvement is
evident following adjustment for age, sex and other car-
diovascular risk factors. The reason why the functional
improvement is significantly better than the neurological
improvement under the influence of atherosclerosis
remains unknown. The implication from our study is that
the decrease of the atherosclerotic load may be helpful
for the functional outcome after acute stroke, and the
hypothesis remains to be confirmed by further studies.

Ankle brachial index is related to age and sex, as
well as to a history of hypertension, diabetes mellitus
and smoking(23). In this study, age and hypertension were
significantly associated with atherosclerosis (Tables 1
and 2). Other risk factors, including diabetes mellitus,
coronary heart diseases, previous strokes and hyperlipi-
demia, also had relatively high odds ratios for athero-
sclerosis, although statistical significance is not reached.
Increase of the sample size might strengthen the statistic
significance.

This study had some limitations. It was conducted in
a tertiary medical care center. The selection of patients
was therefore biased toward more severe neurological
impairment, diminishing the possible effect of athero-
sclerosis on stroke recovery. The mean observational
time of the patients was around one month, when the
improvement on neurological deficits in acute stroke
patients may have not been well established. Although
we have considered the major atherosclerotic risk fac-
tors, there may still be other factors that may affect the
stroke prognosis in clinical practice. In addition, the

study must be considered to be a pilot study given that
the number of enrolled patients was relatively small, and
this may result in false-positive or false-negative predic-
tor variables. Further large-scale studies thus are neces-
sary to elucidate the effects of systemic atherosclerosis
on short-term and long-term outcomes following acute
ischemic stroke.

CONCLUSIONS

Ankle brachial index, CCD and ECG are low-cost,
simple and non-invasive examinations, and may be used
to evaluate atherosclerosis quantitatively(13). Patients with
systemic atherosclerosis, especially PAD, have worse
short-term outcome after acute ischemic stroke. The
relationship between atherosclerosis and long-term out-
come following stroke should be further investigated.

REFERENCES

1. Hirsch AT, Criqui MH, Treat-Jacobson D, et al. Peripheral

arterial disease detection, awareness, and treatment in pri-

mary care. JAMA 2001;286:1317-24.

2. Hollander M, Bots ML, Del Sol AI, et al. Carotid plaques

increase the risk of stroke and subtypes of cerebral infarc-

tion in asymptomatic elderly: the Rotterdam study.

Circulation 2002;105:2872-7.

3. Lernfelt B, Forsberg M, Blomstrand C, et al. Cerebral ath-

erosclerosis as predictor of stroke and mortality in repre-

sentative elderly population. Stroke 2002;33:224-9.

4. Grau AJ, Weimar C, Buggle F, et al. Risk factors, outcome,

and treatment in subtypes of ischemic stroke: the German

stroke data bank. Stroke 2001;32:2559-66.

5. Petty GW, Brown RD, Jr., Whisnant JP, et al. Ischemic

stroke subtypes: a population-based study of incidence and

risk factors. Stroke 1999;30:2513-6.

6. Paolucci S, Antonucci G, Troisi E, et al. Aging and stroke

rehabilitation. A case-comparison study. Cerebrovasc Dis

2003;15:98-105.

7. Ween JE, Alexander MP, D’Esposito M, et al. Factors pre-

dictive of stroke outcome in a rehabilitation setting.

Neurology 1996;47:388-92.

8. Tsai AW, Folsom AR, Rosamond WD, et al. Ankle-brachial



93

Acta Neurologica Taiwanica Vol 17 No 2 June 2008

index and 7-year ischemic stroke incidence: the ARIC

study. Stroke 2001;32:1721-4.

9. Abbott RD, Rodriguez BL, Petrovitch H, et al. Ankle-

brachial blood pressure in elderly men and the risk of

stroke: the Honolulu Heart Program. J Clin Epidemiol

2001;54:973-8.

10. Murabito JM, Evans JC, Larson MG, et al. The ankle-

brachial index in the elderly and risk of stroke, coronary

disease, and death: the Framingham Study. Arch Intern

Med 2003;163:1939-42.

11. Leng GC, Fowkes FG, Lee AJ, et al. Use of ankle brachial

pressure index to predict cardiovascular events and death: a

cohort study. BMJ 1996;313:1440-4.

12. Zheng ZJ, Sharrett AR, Chambless LE, et al. Associations

of ankle-brachial index with clinical coronary heart disease,

stroke and preclinical carotid and popliteal atherosclerosis:

the Atherosclerosis Risk in Communities (ARIC) Study.

Atherosclerosis 1997;131:115-25.

13. Nakano T, Ohkuma H, Suzuki S. Measurement of ankle

brachial index for assessment of atherosclerosis in patients

with stroke. Cerebrovasc Dis 2004;17:212-7.

14. Appelros P, Terent A. Characteristics of the National

Institute of Health Stroke Scale: results from a population-

based stroke cohort at baseline and after one year.

Cerebrovasc Dis 2004;17:21-7.

15. Mahoney FI, Barthel DW. Functional evaluation: The

Barthel Index. Md State Med J 1965;14:61-5.

16. Koga M, Kimura K, Minematsu K, et al. Ultrasonographic

prediction of patients’ outcome in hyperacute ischemic

stroke. Eur J Ultrasound 2002;15:1-8.

17. Bots ML, Launer LJ, Lindemans J, et al. Homocysteine,

atherosclerosis and prevalent cardiovascular disease in the

elderly: The Rotterdam Study. J Intern Med 1997;242:339-

47.

18. Sutton-Tyrrell K, Wolfson SK Jr, Thompson T, et al.

Measurement variability in duplex scan assessment of

carotid atherosclerosis. Stroke 1992;23:215-20.

19. Tseng KY, Lee TH, Ryu SJ, et al. Correlation between

sonographic and angiographic findings of extracranial

carotid artery disease. Zhonghua Yi Xue Za Zhi (Taipei)

1992;50:302-6.

20. Bots ML, Hofman A, Grobbee DE. Common carotid inti-

ma-media thickness and lower extremity arterial atheroscle-

rosis. The Rotterdam Study. Arterioscler Thromb 1994;14:

1885-91.

21. Hiatt WR, Hoag S, Hamman RF. Effect of diagnostic crite-

ria on the prevalence of peripheral arterial disease. The San

Luis Valley Diabetes Study. Circulation 1995;91:1472-9.

22. Newman AB, Sutton-Tyrrell K, Kuller LH. Lower-extremi-

ty arterial disease in older hypertensive adults. Arterioscler

Thromb 1993;13:555-62.

23. Stoyioglou A, Jaff MR. Medical treatment of peripheral

arterial disease: a comprehensive review. J Vasc Interv

Radiol 2004;15:1197-207.

24. Shah S, Vanclay F, Cooper B. Predicting discharge status at

commencement of stroke rehabilitation. Stroke 1989;20:

766-9.

25. Shah S, Vanclay F, Cooper B. Efficiency, effectiveness, and

duration of stroke rehabilitation. Stroke 1990;21:241-6.

26. Paolucci S, Antonucci G, Pratesi L, et al. Functional out-

come in stroke inpatient rehabilitation: predicting no, low

and high response patients. Cerebrovasc Dis 1998;8:228-

34.

27. Sacco RL, Wolf PA, Gorelick PB. Risk factors and their

management for stroke prevention: outlook for 1999 and

beyond. Neurology 1999;53:S15-24.

28. Nakayama H, Jorgensen HS, Raaschou HO, et al. The

influence of age on stroke outcome. The Copenhagen

Stroke Study. Stroke 1994;25:808-13.

29. Bagg S, Pombo AP, Hopman W. Effect of age on functional

outcomes after stroke rehabilitation. Stroke 2002;33:179-

85.


