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Fig. 2. ROC curves of the true-positive rate (sensitivity) vs. the false-positive
rate (1-specificity) for LDL-C (A) and ¢ITP fLDL (B). The smooth curves
are model-fitted curves by the method of Swets [31].

Our finding that the cITP fLLDL level was significantly
related to the serum TG level (Table 3) agrees with that
of Sanchez-Quesada et al., who reported that patients with
hypertriglyceridemia had an increased proportion of LDL(—)
[9]. Therefore, a high TG level could contribute to the
increased electronegativity of LDL. We also observed a sig-
nificant correlation between cITP fLDL and RLP-C levels
(Table 3). The RLP-C level has been shown to be associ-
ated with CA-IMT independent of LDL-C and TG levels
in a group of 50-year-old Caucasian men [29]. In our study
subjects who had a wide range of ages, we observed no statis-
tically significant association between the RLP-C level and
CA-IMT after adjusting for age. The mechanism by which
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Fig. 3. Cormrelation between levels of fast-migrating LDL as determined by
capillary isotachophoresis (cITP fLDL) and LDL-C levels in subjects with
low (), middle (@) and high (A) carotid-artery intima-media thickness
(CA-IMT).

RLP-C is related to cITP fLLDL and whether or not it con-
tributes to the association between cITP fL.DL and atheroscle-
rosis need further investigation.

Despite a strong correlation between cITP fL DL and LDL-
C levels, we found that the association between the cITP
fLDL level and CA-IMT was modified by LDL-C levels
(Table 4) and the combination of cITP fL.DL and LDL-C lev-
els is a better indicator for a high CA-IMT (Fig. 4). Therefore,
increased cITP fL DL could be a potentially useful marker for
a high CA-IMT when the LDL-C level is high. Although the
result of this cross-sectional study cannot be used to deter-
mine whether or not cITP fLDL subfraction is a causal factor
for a high CA-IMT, our finding suggests that mildly modified

Odds Ratio

Fig. 4. Age-adjusted odds ratios [95% confidence interval (CD)] for a high
carotid-artery intima-media thickness (CA-IMT) in each combination of
LDL-C level and cITP fLDL level (low-LDL-C-low-fLDL, low-LDL-C -
high fL.DL, high-1. DL-C-low-fLDL, and high-LDL-C-high-fLDL groups).
Two levels of CA-IMT were produced using the median value (given a value
of 0 if CA-IMT < 0.77 mm and 1 if CA-IMT > 0.77 mm). The median value
of LDL-C (118 mg/dl) and the 66.7th percentile value of cITP fLDL (1.37)
were used to make dummy variables for each group. “p <0.01, as assessed
by a multiple logistic regression analysis.



L.DL in human blood could be important in the pathogenesis
of atherosclerosis, especially under a high LDL-C level.

Our finding that cITP fLDL was associated with CA-IMT
supports the notion that the electronegative subfraction of
L.DL is associated with risk factors of CAD, as reported
by other authors [8-11], and the prevalence of angiographi-
cally documented CAD [12]. However, in the present study,
the absolute levels of cITP fLDL were examined in its rela-
tion to CA-IMT, while other authors reported an association
between the proportion of LDL(—) in total LDL and risk fac-
tors for CAD [8-11] or the prevalence of CAD [12]. The
absolute plasma level of LDL(—) cannot be determined by
anion-exchange chromatography because LDL has to be sep-
arated from plasma by ultracentrifugation or other technique
before it is used for the separation of LDL(—). Therefore,
the proportion of LDL(~) reported in previous studies is not
equivalent to the level of cITP fLDL in the present study.
However, the more negative-charged LDL subfractions sep-
arated by the two different techniques are closely related.
We have previously shown that cITP fLDL represents an
electronegative fraction of LDL because the cITP sLDL sub-
fraction was converted to the fLDL subfraction when LDL
was subjected to in vitro oxidation by CaSO4 [17]. Bittolo-
Bon et al., who separated plasma LDL into four subfractions
using a different buffer system in capillary isotachophore-
sis, also reported that the ratio of fast-migrating (LDL1 and
LDL2) and slow-migrating (LDL3 and LDL4) LDL sub-
fractions determined by cITP was strongly and positively
correlated with the proportion of LDL(—) determined by
anion-exchange chromatography [30]. We observed no sig-
nificant associations between the proportion of cITP fLDL in
total cITP calculated from the absolute levels of ¢ITP fLDL
and sLDL and the ratio of cITP fL.DL to sLDL and CA-IMT
(data not shown). Therefore, our findings indicate that the
absolute level of ¢cITP fLDL but not the proportion of cITP
fLDL in total LDL is important as a marker for a high CA-
IMT.

In conclusion, fast LDL as characterized by analytical
cITP was associated with carotid-artery intima-media thick-
ness and could be a potentially useful marker for early
atherosclerosis in combination with the LDL-C level. Fur-
ther investigations are needed to clarify whether or not this
conclusion can be applied to coronary atheosclerosis.
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Original Article

Both Hepatitis C Virus and Chlamydia Pneumoniae Infection are
Related to the Progression of Carotid Atherosclerosis in
Patients Undergoing Lipids Lowering Therapy

Yasunori Sawavama, Kyoko Oxapa, Shinji Maepa, Hachiro OnnisH,
Norihiro Furusyo and Jun HavasHI

Department of General Medicine, Kyushu University Hospital

Abstract Recent experimental and epidemiological findings suggest that infectious
agents may play a role in the development and progression of atherosclerosis. We
previously reported that Chlamydia pnewmoniae (C. pneumoniae) infection reduces the
effectiveness of lipid-lowering therapy for carotid atherosclerosis and that this micro-
organism may play a role in the progression of atherosclerosis. In this study, we inves-
tigated the possible association between hepatitis C virus (HCV) infection and carotid
arteriosclerosis.

A total of 165 asymptomatic hypercholesterolemic patients were randomized to receive
probucol (500 mg/day, n=82) or pravastatin (10 mg/day, n=83) and were followed for 2
years. The 2-year change of the maximum common carotid artery intima-media thick-
ness (Max-IMT) was the primary endpoint, while the Max-IMT and the incidence of
major cardiovascular events were secondary endpoint. All serum samples were tested for
antibody to HCV (anti-HCV) by enzyme-linked immunosorbent assay (ELISA), and all
anti-HCV-positive samples were assayed for HCV RNA. Patients without HCV infec-
tion (n=25) showed a significant reduction of Max-IMT (—10.9%) (p<0.0001), while a
small decrease of Max-IMT was noted in the patients with HCV infection (n=25) (—0.
39%). Significant differences in the reduction of serum total cholesterol and LDL choles-
terol were found between patients with and without HCV infection (both p<0.0001). No
significant difference in therapeutic effect was noted between the probucol and the
pravastatin groups. After adjustment for confounding risk factors, both C. prneumoniae
infection and anti-HCV positivity were associated with a greater risk of an increase in
Max-IMT (8.5635 [1.3738-15.7532], p<<0.05, 9.5040 [0.2886-18.7194], p<0.05, respec-
tively). These findings suggest that both chronic HCV infection and C. preumoniae
infection can reduce the effectiveness of lipid-lowering therapy for carotid atheroscler-
osis, and that the HCV may play a role in the progression of atherosclerosis in HCV
infected patients.

Key words : Hepatitis C virus, probucol, Chlamydia pneumoniae, pravastatin, intima-
media thickness, carotid atherosclerosis, cardiovascular disease

ease, and it is currently the single greatest

INTRODUCTION .. -
source of morbidity and mortality in devel-
Atherosclerosis is a highly prevalent dis- oped societies. Many risk factors are
Jun Hayashi, M.D., Ph.D. involved in the development of atheroscler-

Department of General Medicine, Kyushu University : : :
Hospital, Higashi-ku, Fukuoka 812-8582, Japan OSIS, which manifests as coronary artery

TEL : +81-92-642-5909 disease (CAD) and myocardial infarction,
FAX : +81-92-642-5916

e~mail address : hayashij @genmedpr.med.kyushu-u.ac.jp

—142—



including hyperlipidemia, hypertension,
smoking, and diabetes mellitus®. Infection
has also been suggested to be associated
with an increased risk of atherosclerosis.
Infection induces an inflammatory response
and the mechanism of atherosclerosis has an
inflammatory component. Currently, it is
unclear whether the general inflammatory
response to an infectious agent has an
important role in the development of ather-
osclerosis or whether there are some spe-
cific atherogenic microorganisms®. Cer-
tain microorganisms have been suggested to
directly cause or exacerbate atherosclerosis,
including Chlamydia pneumoniae (C.
pureumoniae), Cytomegalovirus, Herpes sim-
plex virus, and Helicobacter pylori®~". Our
previous study revealed a significant reduc-
tion in the rate of intima-media thickness
(IMT) progression in C. preumoniae-nega-
tive patients versus no such significant
reduction in C. pureumoniae-positive
patients, even though both groups of
patients had significant reductions of total
cholesterol and LDL cholesterol. These
results suggested that C. pmeumoniae infec-
tion could influence the carotid artery
IMT®.

The various hepatitis viruses primarily
target the liver and cause a characteristic
inflammatory process, with the hepatitis A
virus (HAV), hepatitis B virus (HBV), and
hepatitis C virus (HCV) having been inves-
tigated for a possible atherogenic. effect.
HAV was reported to be associated with
coronary artery disease”, but enterically
transmitted hepatitis A infection is a self-
limiting disease that does not progress to
chronic inflammation, whereas hepatitis B
or C infection has the potential for
chronicity. The results of two previous
studies!®V have suggested that hepatitis B
and C infection may be independent risk
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factors for carotid atherosclerosis. How-
ever, such findings have not necessarily
been confirmed'® and one study'® has even
shown the conflicting result that hepatitis
virus infection is protective against atheros-
clerosis.

Against this background, the aim of the
present study was to investigate the associa-
tion between hepatitis virus infection and
changes of the carotid artery IMT in
patients on lipid-lowering therapy for car-
otid atherosclerosis. To our knowledge,
this is the first investigation of the effective-
ness of lipid-lowering therapy for carotid
atherosclerosis in relation to not only
C. pneumoniae infection, but also HCV
infection.

METHODS

Patient selection and study protocol

The study design and the baseline charac-
teristics of the patients have already been
described elsewhere!®. Briefly, between
February 1996 and February 2000,
asymptomatic hypercholesterolemic men
and women aged 30-89 years who met the
following criteria were enrolled in the pres-
ent study. Patients were either untreated
or were on therapy with a total cholesterol
level above 220 mg/dl. Of the 246 patients
screened for eligibility, 165 were recruited
and were included in the intention-to-treat
population. Patients were randomly as-
signed to either a probucol group (n=82,
aged 41 to 80 years) who received probucol
at 500 mg twice daily after meals or a
pravastatin group (n=83, aged 41 to 89
years) who received pravastatin at 10 mg
once daily after the evening meal. Ran-
domization was performed by the minimiza-

‘tion method with control of the following

four factors: total cholesterol, age, sex, and
IMT. Monitoring was done at 2 weeks



after enrollment and every 4 weeks there-
after. At each review, a brief physical
examination was performed and the number
of tablets was counted to assess compliance.
In both groups, lipids, lipoproteins, and
others laboratory parameters (to confirm
safety) were also measured at each review.
Thirty-four of the 165 patients (21%) did
not complete the study. Written informed
consent was obtained from each patient, and
the trial was approved by the Ethics Com-
mittee of Kyushu University Hospital.

Exclusion criteria included a serum trig-
lyceride level >350 mg/dl, uncontrolled
heart failure, recent myocardial infarction
(<6 months previously), severe or unstable
angina pectoris, hypothyroidism/hyperthyr-
oidism or other endocrine diseases, secon-
dary hyperlipidemia, uncontrolled diabetes
mellitus, uncontrolled hypertension, heavy
drinking, obese patients on weight reduction
programs, diseases that might interfere with
drug absorption, any other severe illnesses,
and treatment with certain drugs including
corticosteroids, androgens, other lipid-
lowering agents, or antacids containing alu-
minum salts.

The ultrasound procedure used for car-
otid IMT measurement and its re-
producibility have already been described
elsewhere'®. In brief, ultrasonography was
done with the patient in the supine position
using an Aloka SSD-2000 (Aloka, Tokyo,
Japan) with a 7.5 MHz transducer. In both
the right and léft common carotid arteries,
the IMT of the far wall of the vessel was
measured at 2, 2.5, and 3 cm proximal to the
carotid bifurcation. The IMT was defined
as the distance between two echogenic lines
separated by a hypoechoic or anechoic
space, with the outer line corresponding to
the medial-adventitial border and the inner
line representing the luminal-intimal bor-

der. The mean IMT was calculated as the
average value of the IMT measurements
obtained from a total of 6 sites in the car-
otid arteries (3 on the left and 3 on the

right). Stenosis was defined as plaque (any

site where the IMT was (1.10 mm) that
occupied more than half of the luminal
circumference of the artery on a transverse
scan.

Laboratory parameters

Blood samples were collected between 8
and 9 AM after a 12-hour fast. Serum
cholesterol and triglycerides were measured
enzymatically. HDL cholesterol was mea-
sured by the heparin Ca method in the super-
natant obtained after precipitation of
apolipoprotein B-containing lipoproteins,
while LDL cholesterol was calculated using
the Friedewald formulam”. All assays were
done on the day of blood collection except
for measurement of Lp (a), for which blood
was stored for a maximum of 3 days at -4(C.
Antibody to HCV (anti-HCV) and antibody
to HAV (anti-HAV) were measured by
commercial enzyme-linked immunosorbent
assay (ELISA) methods, while hepatitis B
surface antigen (HBsAg) was determined by
a latex agglutination immunoassay using
stored frozen samples. Then the HCV
RNA was assayed by polymerase chain
reaction.

Statistical analysis

Data were recorded on standard forms
and then entered into a database. Results
are expressed as percentages or as the mean
+standard deviation (SD). Differences

between categorical variables were compar-

ed using Yates' corrected chi-square test,
while comparison of continuous variables
was done by the Student’s t-test.

The endpoint of this study was the change
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of the Max-IMT (mm) after 24 months.
Multiple linear regression analysis was done
to detect factors that influenced the rate of
change of Max-IMT from among HAV
seropositivity, HBV seropositivity, HCV
seropositivity, age, sex, smoking history,
diabetes, and hypertension. Variables were
selected for entry into the model by the
backward stepwise method. A probability
value of less than 0.05 was considered to
indicate statistical significance in all ana-
lyses. Data were analyzed on an intention-
to-treat basis.

RESULTS

Baseline characteristics and compar-

ability

The mean age of the patients was 65.7
years and 249 were men. Average systolic
blood pressure and diastolic blood pressure
were 131 and 76 mm Hg, respectively. Of
the 165 patients, 46% were recent or former
smokers, 389 had a history of hypertension,
and 17% had diabetes mellitus. Baseline
serum total cholesterol and LDL cholesterol
levels were 251 mg/dL and 164 mg/dL,
respectively. The HDL cholesterol level
was 57 mg/dL, while the serum triglyceride
level was 150 mg/dL. The Max-IMT was
1.59 mm. There were no statistically sig-
nificant differences between the two groups
for any of these baseline characteristics.
Anti-HAV was detected in 67.5%, HBsAg
was positive in 2.49, and anti-HCV was
positive in 15.2% of the patients. HCV-
RNA was detected in all of the anti-HCV
positive patients.

Percent reduction of total cholesterol
after 24 months stratified by HAYV,
HBV, HCV, and C. pneumoniae status
There was a significant reduction of the
serum total cholesterol level by 21.7%
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between baseline (247.2 *+ 24.6 mg/dl) and
24 months of therapy (192.5 £ 25.9 mg/dl)
in the patients without HAV infection and a
decrease of 20.8% in the infected patients
(both p<0.001, Student’s t-test). Signifi-
cant reduction of the serum total cholesterol
level by 21.39% was also seen between
baseline (248.9 = 24.3 mg/dl) and 24
months of therapy (195.9 %= 30.3 mg/dl) in
the patients without HBV infection and
there was a decrease of 10.89% in the infect-
ed patients (p<0.05 and p<0.001, respec-
tively ; Student’s t-test). Moreover, a sig-
nificant reduction of serum total cholesterol
by 21.19% occurred between baseline (246.8
+ 23.7 mg/dl) and 24 months (194.1 * 25.
6 mg/dl) in the patients without HCV infec-
tion, as well as a decrease of 21.19% in the
infected patients (both p<<0.001, Student’s t-
test). There were no significant differences
between probucol and pravastatin therapy
with respect to the reduction of total choles-
terol in patients with or without HAV,
HBV, and HCV infection after 24 months of
treatment (Table 1).

Percent reduction of LDL cholesterol

after 24 months stratified by HAYV,

HBYV, HCV, and C. pneumoniae status

Significant reductien of the serum LDL
cholesterol level by 26.99% was found
between baseline (154.0 = 30.7 mg/dl) and
24 months of therapy (110.0 % 27.1 mg/dl)
in the patients without HAV infection,
while the decrease was 27.69 in the infect-
ed patients (both p<<0.001, Student’s t-test).
Significant reduction of the LDL cholesterol
level by 27.49% was also seen between
baseline (157.2 =+ 27.7 mg/dl) and 24
months (113.6 £ 31.4 mg/dl) in the patients
without HBV infection and there was a
decline of 27.3% in the infected patients
(p <0.06 and p <0.001, respectively;



Table1 Changes of total cholesterol after 24 months of treatment stratified by HAV, HBV, and HCV

Student’s t-test).

status
Total cholesterol
+ P value Percent change P vahe
No. b(;?jr/jl’ mz;relr ;4 i?nths (Student’s t-test) (mg/dl, mefm +SD)  {paired t-test)
anti-HAV
+ 113 248.4+423.3  196.5+30.4 <0.0001 20.84+10.8 NS
- 52 247.24+24.6  192.5+25.9 <0.0001 21.7+10.6
HBs Ag
+ 4 244.0+12.7 217.8+18.0 <0.05 10.8+4.6 NS
- 161 248.0+87.5 194.7+29.1 <0.0001 21.34+10.7
anti~-HCV
+ 25 242.8+18.8  191.3+20.9 <0.0001 20.8+9.8 NS
- 140 248.9+24.3  195.9+30.3 <0.0001 21.1+10.9
ant-C. preumonige-IgA
and/or IgG #
+ 115 247422 195-+29 <0.0001 21 NS
- 50 24927 197+30 <0.0001 21
Treatment
Probucol 82 249.4+23.6  196.5+32.8 <0.0001 21.1+12.0 NS
Pravastatin 33 246.8-+23.7 194.1+25.6 <0.0001 21.1+9.5

# Data quoted from Sawayama et al. Atherosclerosis 2003 ; 171 (2) : 281-285.

Table 2 Changes of LDL cholesterol after 24 months of treatment stratified by HAV, HBV, and HCV

status
Total cholesterol
No. (mg/dl, mean + SD) P vlalue Percent chaige .Pvalue
before after 24 months (Student's t-test) (mg/dl, mean + SD) (pa'xredt test)
anti-HAV
+ 113 158.3+26.1  114.8+33.4 <0.0001 27.6+19.2 NS
- 52 154.0+30.7 111.0+27.1 <0.0001 26.9+15.9
HBs Ag
+ 4 146.2+25.7  112.4+39.5 <0.0001 24.1+21.6 NS
- 161 157.2+27.7 113.6+31.4 <0.0001 27.4+18.2
anti-HCV
+ 25 154.9+25.2  118.0+23.9 <0.0001 22.6+16.2 NS
- 140 157.3+28.1 112.8+32.6 <0.0001 28.2+18.4
ant-C. preumoniae-1gA
and/or IgG # ‘
+ 115 157+27 112+32 <0.0001 28 NS
- 50 159+29 117+30 26
Treatment
Probucol 32 162.7+24.8  125.6+31.7 <0.0001 22.3+18.6 <0.0001
Pravastatin 33 151.9+29.0  103.2+27.5 <0.0001 31.8+16.7

# Data quoted from Sawayama et al. Atherosclerosis 2003 ; 171 (2) : 281-285.

Moreover, a significant

HBV, HCV, and C. pneumoniae infection

reduction of LDL cholesterol by 28.2%
occurred between baseline (157.3 + 28.1
mg/dl) and 24 months (154.9 * 25.2 mg/dl)
in the patients without HCV infection, while
the decrease was 22.69% in the infected
patients (both p<0.001, Student’s t-test).
A significantly greater reduction of LDL
cholesterol levels was achieved by pravas-
tatin than probucol in patients with HAV,

after 24 months of treatment (Table 2).

Percent reduction of Max-IMT after 24

months stratified by HAV, HBV, HCV,

and C. pneumoniae status

A significant decrease of Max-IMT by
9.7% was found between baseline (1.28 *
0.57 mm) and 24 months of thérapy (1.10 =
0.45 mm) in the patients without HAV
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Table 3 Changes of Max-IMT after 24 months of treatment stratified by HAV, HBV, and HCV

status

Total cholesterol

P value Percent change P value

(Student’s t-test) (mg/d], mean = SD) (paired t-test)

36+0.78
.10+0.45

13+0.15
28+0.71

.44+0.83 NS

<0.0001 9.1+21.5 NS
<0.0001 9.7+23.7
<0.0577 11.7+7.9 NS
<0.0001 9.2+22.4

0.3+22.5 <0.05

No. (mg/dl, mean + SD)
before after 24 months

anti-HAV

+ 113 1.54+0.88 1.

- * 52 1.28+0.57 1
HBs Ag

+ 4 1.28+0.15 1.

- 161 1.46+0.81 1.
anti-HCV

+ 25 1.51+0.91 1

- 140 1.45+0.78 1

ant-C. prewmoniae-IgA
and/or IgG #

+ 115 1.27+0.62* 1.

- 50 1.33+0.60* 1.
Treatment

Probucol 82 1.59+0.90 1.

Pravastatin 33 1.35+0.70 1.

.25+0.67

35-+0.67
21+0.73

<0.0001 10.9+121.7
19+0.64* NS 6 <0.01
08+0.50" <0.01 19
<0.0001 9.6+24.0 NS
<0.0001 9.0-+20.5

# Data quoted from Sawayama et al. Atherosclerosis 2003 ; 171 (2): 281-285.

+ IMT is the mean IMT value.

infection and there was a decrease of 9.1%
in the infected patients (both p<<0.001, Stu-
dent’s t-test). A reduction of Max-IMT by
9.29 occurred between baseline (1.46 = 0.
81 mm) and 24 months (1.28 = 0.71 mm) in
the patients without HBV infection while
there was a decrease of 11.79 in the infect-
ed patients (p<0.00! and p=0.057, respec-
tively ; Student’s t-test). In contrast, a
reduction of Max~-IMT by 10.9% was seen
between baseline (1.45 %= 0.81 mm) and 24
months (1.25 £ 0.67 mm) in the patients
without HCV infection versus a decrease of
only 0.3% in the infected patients (p<<0.001
and p=0.4104, respectively; Student’s t-
test). Although the reduction of IMT was
9.29 versus 11.7% in the patients with and
without HBV infection, respectively, show-
ing no significant difference, there was a
significant difference of the change of Max-
IMT between the patients with and without
HCV infection (0.39% versus 10.9%, respec-
tively). There were no significant differ-
ences between probucol and pravastatin
therapy with regard to the reduction of
Max-IMT after 24 months in relation to
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HAV, HBV, HCV, and C. pneumoniae infec-
tion status (Table 3).

Multiple linear regression analysis

Backward stepwise multiple linear regres-
sion analysis revealed that not only C.
prneumoniae infection, but also HCV infec-
tion showed a strong independent associa-
tion with a smaller reduction of IMT (p=
0.0276). There was no significant associa-
tion between the change of IMT and any of
the other variables investigated (Table 4).

Serious adverse events

Among the 25 patients with HCV infec-
tion, two had a major cardiovascular event
(2 deaths from coronary heart disease)
compared with 0 of the 140 uninfected
patients. Of the four patients in this study
who died, 3 had HCV infection. There was
a lower incidence of death in the patients
without HCV infection than in the infected
patients, but the difference was not signifi-
cant. There were no significant differences
of adverse events between probucol and
pravastatin therapy.



Table 4 Multiple linear regression analysis of factors influencing Max-IMT

Fixed Difference 95% CI P value
anti-HAV —1.5412 —9.1996 6.1172 0.6897
HBs Ag —3.0118 —25.3981  19.3745 0.7917
anti-HCV 9.0000 —0.6367  18.6367 0.0692
C. pneumonia-IgA -0.6227 -10.7632 9.5178 0.9205
C. pneumonia-IgG 1.0917 —8.5300 10.7134 0.8234
C. preuwmonia-IgA and/or 1gG 7.5701 —6.0267  21.1669 0.2771
Age >75 years 5.3447 —3.1304  13.8198 0.2180
Male sex —4.7624 —13.6453 4.1205 0.2959
Smoking —4.1964 —~11.9445 3.5517 0.2895
Hypertension 5.2711 —2.0015 12.5437 0.1573
Diabetes 6.2849 —3.4671  16.0369 0.2078
Backward stepwise Difference 95% CI P value
anti-HCV 9.5040 0.2886  18.7194 0.0448
C. prneumonia-IgA and/or IgG 8.5635 1.3738  15.7532 0.0208

DISCUSSION

The present study adds new information
to the growing pool of data regarding lipid-
lowering therapy for carotid atherosclerosis
in patients with HCV infection. A signifi-
cant reduction of Max-IMT was found in
HCV-negative patients, while no significant
reduction was seen in the HCV-positive
patients, even though both groups of
patients showed significant improvement of
total cholesterol and LDL cholesterol.
These results suggest that HCV infection
influences the carotid artery IMT, as does
C. pneumoniae infection. In contrast, there
was no association between HAV or HBV
infection and the changes of Max-IMT.

Our results are in concordance with those
of another Japanese study'? performed on
company employees undergoing regular
health checks that found a relationship
between HCV positivity and carotid ather-
osclerotic plaque or IMT. We previously
reported that the prevalence of HCV infec-
tion was 3.3-19.7% in northern Kyushu
Island, including the area surveyed in the
present study'”~'®. In general, the clinical
course of chronic HCV infection is char-
acterized by a series of exacerbations and

remissions, but it may eventually progress
to hepatic decompensation and the develop-
ment of cirrhosis. Usually, the onset of
cirrhosis appears to be associated with a
decreased risk of atherosclerosis, which
may be explained by the decreased produc-
tion of clotting factors and the reduction of
certain conventional risk factors such as
total cholesterol and lipoprotein (a)*®.
Therefore, the positive correlation between
HCV infection and carotid atherosclerosis
observed in the present study was rather
unexpected. Because serum total choles-
terol and LDL cholesterol levels were not

significantly different between our HCV-

positive and HCV-negative subjects, it
seems that liver dysfunction was not severe
in the majority of the HCV-positive
patients. Kiechl et al®*® found no signifi-
cant association between chronic hepatitis
and carotid plaque, although whether their
subjects had HBV or HCV infection was not
specified. These different results may have
been obtained because they analyzed
patients with
whereas most of the subjects in our study
did not have been active.

chronic active hepatitis,

Several previous studies have suggested
that certain microorganisms may contribute
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to the pathogenesis of atherosclerosis, in-
cluding C. pmneumoniae® and Helicobacter
pylori®®. Such bacteria may cause vascular
injury by direct colonization®® or by activa-
tion of a systemic inflammatory response,
which may play a role in the progression
and destabilization of atherosclerotic
plaques. In support of this view, we found
a higher incidence of death in patients with
C. pneuwmoniae infection than in the unin-
fected patients, but the difference was not
statistically significant®. A new study
with a longer observation period will be
required to determine the precise relation-
ship between C. preumoniae infection and
CAD, as well as why C. pneumoniae infec-
tion is associated with a resistance of car-
otid atherosclerosis to lipid~lowering ther-
apy.

The following possible mechanisms may
explain the relationship between HCV infec-
tion and atherosclerosis. First, HCV infec-
tion is occasionally associated with vas-
culitis®¥. Second, chronic HCV infection
may be associated with an increase of
oxidative stress®®. Third, HCV infection
can produce elements of the metabolic syn-
drome by inducing insulin resistance®®,
which may accelerate atherogenesis.
Finally, chronic HCV infection may stimu-
late a systemic inflammatory response.
Another study with a longer observation
period will be required to determine the
precise relationship between HCV infection
and atherosclerosis, as well as why HCV
infection was associated with the effect of
lipid-lowering therapy on carotid atheros-
clerosis.

Evidence from epidemiological and clini-
cal studies has shown that LDL cholesterol
is very important in the development of
atherosclerosis and that reducing the LDL
cholesterol level can also reduce the risk of

—149—

CAD. We previously reported that active
treatment may not only have a lipid-lower-
ing effect but may also stabilize plaque and
in the same study demonstrated a lower
incidence of- cardiac events in the treated
group than in the control group®. In the
present study, we found a significant reduc-
tion of the serum total and LDL cholesterol
levels in both HCV-infected and uninfected
patients. Although total and LDL choles-
terol levels were reduced in the HCV -infect-
ed patients by active treatment, the carotid
IMT was not improved as occurred in the
uninfected patients. The above finding
suggests that HCV infection is a risk factors
for progression of atherosclerosis. If it
possible that the organism may be an inno-
cent bystander in atherosclerotic tissue,
rather than an inciter of chronic inflamma-
tion. Determining the exact nature of the
association between HCV and atheroscler-
osis is important. The above suggests that
HCV was found to be a causative factor or
to significantly contribute to the progres-
sion of atherosclerosis, so it might be im-
proved by the interferon therapy which is
able to eliminates HCV RNA in patients
with chronic HCV infection?"?®),

The present study had some limitations.
First, the subjects weee only defined by their
serological parameters and not by histology.
However, histological examination is more
suitable for a clinical setting than for popu-
lation-based studies. Second, the duration
of exposure to viral infection could not be
estimated because the detection of anti-
bodies was usually incidental. Thus, the
duration of inflammation may have been
too short and the infection too mild to
detect any pro-atherosclerotic effect in
some of the subjects. Although care was
taken to avoid potential biases, it is well
known that prospective studies are often



unable to confirm the associations detected
by case-control studies. Therefore, a
future prospective study is needed to con-
firm our findings.

In conclusion, our observations suggest
that both HCV infection and C. pneumoniae
infection reduce the efficacy of lipid-lower-
ing therapy for carotid atherosclerosis, and
that HCV may play a role in the develop-
ment/progression of atherosclerosis.
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The Impact of Peripheral Arterial Disease
and Acute Ischemic Stroke

Yasunori Sawavama, Maki Hamapa, Shigeru OTaGURO, Shinji MAEDA,
Hachiro OunisHi, Yuuji Tara and Jun HavasHI
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and Divisions of Cardiology**, Harasanshin Generval Hospital

Abstraet Peripheral arterial disease (PAD) is associated with coronary artery disease
(CAD) and stroke, but data on the relationship between PAD and acute ischemic stroke are
lacking. Therefore, we investigated this relationship. A total of 101 patients were
enrolled on admission to Harasanshin General Hospital (Fukuoka, Japan) with their first
ischemic stroke. All 101 patients underwent cranial CT and/or brain magnetic resonance
imaging, duplex ultrasonography of the extracranial carotid arteries, and transthoracic
echocardiography.

The subjects were aged 41 to 92 years. PAD was present in 81/101 patients (80.2%),
including 57/73 (78.1%) with small artery occlusion, 11/13 (84.6%) with large artery
occlusion, and 13/15 (86.7%) with cardiogenic embolism. In 42 of these 81 patients (51.9%),
PAD was asymptomatic. Serum apoprotein Al levels were significantly higher and the
intima-media thickness was significantly greater in the patients with PAD than in those
without PAD. The modified Rankin scale score was significantly higher on admission in
patients with PAD than in those without PAD. Stepwise logistic regression analysis
revealed that the apoprotein Al level and the modified Rankin scale score on admission
were strongly associated with the occurrence of stroke in patients with PAD.

Our results suggest that PAD is frequently associated with acute ischemic stroke. It may
be important to perform screening for PAD in patients who have suffered an ischemic
stroke.

Key words : peripheral arterial disease, ischemic stroke, stroke subtypes, carotid atheros-
clerosis

"INTRODUCTION

Atherosclerosis is a highly prevalent dis-
ease, and is currently the greatest cause of
morbidity and mortality in developed soci-
eties. Many risk factors are involved in the
occurrence of atherosclerosis, which mani-
fests as coronary artery disease (CAD) and
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myocardial infarction (MI), including hyper-
lipidemia, hypertension, smoking, and
diabetes mellitus?. It is also known that
peripheral arterial disease (PAD) is associat-
ed with CAD and stoke, but data on the
relationship between peripheral arterial dis-
ease and acute ischemic stroke are lacking.
The pulse wave velocity can be used as an
indicator of arterial stiffness?®, and it is
regarded as a marker of vascular dam-
age®®. An instrument was recently devel-
oped that can measure the brachial-ankle



pulse wave velocity (baPWV) by the
volume-rendering method. Yamashina et
al. have reported a high validity and re-
producibility of baPWV measurements, sug-
gesting that this parameter may be an
acceptable indicator of vascular damage
and may be suitable for screening large
populations to detect vascular disease®.

Recently, arteriosclerotic disease has been
increasing in Japan as the population ages
and the lifestyle becomes more westernized.
The prevalence of arteriosclerosis is there-
fore anticipated to increase in Japan and the
prevalence of PAD is also expected to
increase. However, there have been few
epidemiological studies on PAD in Japan
and even fewer studies on the prevalence of
PAD among stroke patients. This is partly
because early PAD is asymptomatic and
therefore difficult to diagnose and also
because distinguishing PAD from other con-
ditions, such as spinal cord disease, is diffi-
cult even after PAD symptoms like noctur-
nal leg pain become evident. PAD not only
interferes with daily activities and reduces
the quality of life in stroke patients, but also
worsens their survival. PAD is associated
with the occurrence of coronary artery dis-
ease and cerebrovascular disease” There-
fore, PAD should be detected and treated as
early as possible.

We performed the present prospective
study to investigate whether PAD was an
independent risk factor for acute ischemic
stroke in Japanese patients.

METHODS

Subjects

All of the patients with acute ischemic
stroke admitted to the Division of General
Medicine at Harasanshin General Hospital
(Fukuoka, Japan) during the period from
August 1, 2003 to July 31, 2004 were eligible

for the present study. As a result, a total of
101 patients who suffered their first is-
chemic stroke were registered for this study
after meeting the following criteria: (a)
first ischemic stroke, (b) admission to hospi-
tal for treatment, and (c) admission within
72 hours of the onset.

Categorization of Stroke

Stroke was defined according to World
Health Organization criteria®. Cerebral
infarction was diagnosed on the basis of the
initial CT and MRI data. All patients
underwent ultrasonography of the neck and
intracranial arteries. The carotid arteries
were assessed by color flow B-mode Dop-
pler ultrasound (SONOS 5500, PHILIP)
according to the standard method®'®. The
vertebrobasilar system was evaluated by
radionucleotide angiography to determine
the presence/absence of atherosclerotic
lesions. Patients without clinical or imag-
ing evidence of atherosclerosis who had
atrial fibrillation and/or echocardiographic
findings suggestive of possible cardiogenic
embolism were classified as having throm-
boembolic stroke. The other patients were
diagnosed as having large artery stroke if
there was >50% stenosis of the extra-
cranial carotid%artery or an intracranial
artery, or as haviﬁg small artery occlusion if
they had a clinical lacunar syndrome as-
sociated with appropriate CT changes or a
typical clinical syndrome despite normal CT
scans. Patients were classified as having
undefined stroke if they did not fit any of
these categories'?. Functional outcome
was measured using the modified Rankin
Scale!®, During hospitalization, neur-
ological evaluation was always done by a
single neurologist who applied the study
criteria for classification of the patients.
All evaluations were performed at the
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Department of Neuroradiology.

Laboratory Tests

All blood samples were stored at -80(C
and were analyzed simultaneously by tech-
nicians who were unaware of the clinical
data of the patients.

Brachial-Ankle Pulse Wave Velocity

(baPWYV)

The baPWV was measured using a vol-
ume plethymograph (PWV/ABI; Colin,
Co., Ltd., Komaki, Japan), which simultane-
ously recorded the PWYV, blood pressure,
electrocardiogram, and heart sounds®. Each
subject was examined in the supine position,
with the electrocardiographic leads on both
wrists, a microphone for detecting heart
sounds taped at the left sternal edge, and
cuffs on both arms and ankles. The cuffs
were connected to a plethysmograph sensor
that determined the pulse volume waveform
and to an oscillometric pressure sensor that
measured the blood pressure. Pulse volume
waveforms were recorded using a semicon-
ductor pressure sensor, with the acquisition
frequency set at 1,200 Hz. Waveforms for
the arm and ankle were stored in 10-sec
batches with automatic gain analysis and
quality adjustment. The baPWV data
were obtained after the subjects had rested
for at least 5 min. The reproducibility of
baPWV values obtained in healthy subjects
was reported to be reasonable, with an inter-
observer coefficient of variation of 2.4%
(n=15) and an intraobserver coefficient of
variation of 5.8% (n=17)%.

Diagnosis of Peripheral Arterial Disease
PAD was diagnosed as follows: Crite-
rion? was severe stenosis or occlusion of a
lower extremity artery on MRA and/or no
diastolic reverse flow (type II - VI) on lower

—15b—

extremity ultrasonography. Criterion 1
was positive when one of these two factors
was detected. Criterion® was an ankle-bra-
chial index <0.9, a pulseless artery, and/or
symptoms of PAD. Criterion 2 was posi-
tive when two of these three factors were
detected. PAD was defined as present
when both criterion 1 and criterion 2 were
positive.

Statistical Analysis

Data were recorded on standard forms
and then entered into a database. Results
are expressed as percentages or as the mean
(standard deviation (SD). A nonparametric
test (the Mann-Whitney U test) was used to
compare variables between groups. Two-
way analysis of variance (ANOVA) was
used for comparison of the means of numeri-
cal variables between three groups. Multiple
comparison with the Kruskal-Wallis test
was also employed to compare three groups.
The risk of ischemic stroke in patients with
PAD was estimated by forward stepwise
multiple logistic regression analysis with
adjustment for the apoprotein Al level,
carotid intima-media thickness (IMT), and
modified Rankin scale score (on admission).

Ethics

The design of this study was approved by
the Ethics Committee and the Data Protec-
tion Committee of Harasanshin General
Hospital (Fukuoka, Japan). Informed con-
sent to participation was obtained from all
patients (or their closest relatives).

RESULTS

One hundred and thirty-three patients
with stroke were evaluated for enrollment
in the study, but 32 patients were excluded
because of an unclassified stroke subtype
(n=13) or refusal to participate (n=19).



Therefore, 101 patients were investigated.

Characteristics of the Subjects
Table 1 shows the characteristics of the 3
subgroups of stroke patients and their risk

factors. The mean age of the small artery
occlusion group was significantly higher
than that of the patients with cardioembolic
stroke. The mean serum triglyceride level of
the small artery occlusion group was signifi-

Table 1-A Characteristics of the Stroke Patients

Small artery

Large artery  Cardioembolic

Risk Factors occlusion atherosclerosis stroke P value Multlgle
n=73) (n=13) (n=15) comparison
Age [years, mean+SD] 68.9+12.1® 75.6+9.1 79.3+10.29 0.0035 a) vs b) **
Male sex [%] 51(69.9%) 9(69.2%) 7(46.7%) 0.2172
Blood pressure i
Systolic [mean+SD, mmHg] 159.2+26.4 172.5+45.9 167.5+27.9 0.4158
Diastolic [mean®SD, mmHg] 85.3+14.4 87.5+21.4 87.6+13.8 0.7922
BMI [kg/m?] 22.3+2.7 21.8+2.6 22.9+3.3 0.6084
Smoking [%] 45(61.6%) 11(84.6%) 12(80.0%) 0.1399
History :
Hypertension [%] 67(91.8%) 11(84.6%) 14(93.3%) 0.6679
Diabetes Mellitus [%] 29(39.7%) 4(330.89%) 2(13.3%) 0.1404
Hyperlipidemia [%] 60(82.2%) 10(76.9%) 12(80.0%) 0.8972
PAD [%] 57(78.1%) 11(84.6%) 13(86.7%) 0.5869
ANOVA ; ** p<0.01
Table 1-B Characteristics of the Stroke Patients (contined)
Small artery Large artery  Cardioembolic Multiple
Lipids occlusion atherosclerosis stroke P value .
(n="73) (n=13) (n=15) comparison
TC [mean+SD, mg/dl] 208.3t46.3 212.6+£29.7 196.5+£40.3 0.5664
TG [mean:=£SD, mg/dl] 113.0%86.3% 100.0+64.5 77.0460.0 0.0307 a) vs b)*
HDL-C [mean=SD, mg/dl] 45.5+37.5 43.0+36.0 46.0+36.0 0.8837
LDL-C [mean=+SD, mg/dl] 127.1£106.0 137.0£117.8  138.0+92.2 0.6641
Lipoprotein{a) [mean+SD, mg/dl] 17.1+10.0 23.3+8.83 12.1£7.7 0.4864
Apoprotein Al [mean=SD, md/dl] 124.0£112.0 125.5+103.0 119.0%96.0 0.1736
Apoptotein B [mean+SD, md/dl] 100.0+84.0 103.5+89.0 103.0£79.0 0.5980
Apoprotein E [mean+SD, md/dl] 4.364+1.097 4.813+1.092  4.100=%0.700 0.3149
RLP-C [mean=+SD, md/dl] 3.3x2.7 4.15+3.3 3.6+£2.2 0.2736
TC; total cholesterol TG, Kruskal-Wallis test; * p<0.05
HDL-C; HDL cholesterol, LDL-C; LDL cholesterol
RLP-C; RLP cholesterol
Table 1-C Others Factors
Small artery Large artery  Cardioembolic Maultiple
Lipids occlusion atherosclerosis stroke P value .
(n=73) (n=13) (n=15) companson
CRP [mean=®SD, mg/dl] 0.0+0.0¥ 0.0x£0.07 1.0:£0.39 0.0004 a)vsc)**b)vsc)*
D-D [mean=8D, ug/di] 0.6+0.3? 1.240.4 3.1£0.989 0.0001 d)vse)**
TAT {mean=+SD, ng/dl} 2.50+1.75° 2.60+1.65 8.65+3.58% 0.0051 Dvsg)**
IMT [mean+SD, mm] 1.110+0.928 1.310+1.015 1.144+0.95 0.2481
ABI [mean=®SD] 1.14%1.02 1.04+£0.8 1.15%1.08 0.1281
baPWV [mean+SD, mmHg] 19341650 18474131 2405+1896 0.1816
modified Rankin Scale [meantSD]
on admission 3.0%£2.0 4.0%2.0 5.0%5.0 0.0001 h)vsi)**
on discharge . 1.0£0.0 2.0+1.0 4.0+2.0 0.0001 Pvsk) = jvsl)**
Admission period [mean+SD, days] 23.0+18.0 23.5+20.0 2405+1896 0.0022 m)vsn) **
_ ANOVA; ** p<0.01 Kruskal-Wallis test; * p<0.05
CRP; C reactive protein D-D; D-dimer

TAT ; thrombin-antithrombin III complex
ABI; ankle brachial index

IMT ; intima-media thickness
baPWV ; brachial-ankle pulse wave velocity,
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cantly higher than that of the cardicembolic
stroke group, although there were no signifi-
cant differences among the D-dimer (D-D)
three stroke subtypes with respect to the
other serum lipids. Serum C reactive protein
(CRP) and thrombin-antithrombin III com-
plex (TAT) levels were significantly higher
in the cardioembolic stroke patients than in
those with small artery occlusion, while
serum CRP was significantly higher in the
cardioembolic stroke patients than in those
with large artery atherosclerosis. The
modified Rankin scale values on admission
and discharge were significantly higher and
the duration of admission was significantly
longer in the cardioembolic stroke patients
than in those with small artery occlusion.

Association Between PAD and Risk

Factors (

The associations between PAD and vari-
ous risk factors are displayed in Table 2.
PAD was present in 81 of the 101 stroke
patients (80.2%), including 57 out of 73
patients with small artery occlusion, 11 out
of 13 with large artery occlusion, and 13 out
of 15 with cardiogenic embolism. In 42 of
these 81 patients (51.9%), PAD was
asymptomatic. When the associations
between PAD and various risk factors were
assessed, no significant differences of these
risk factors were found between the stroke
patients with and without PAD.

The serum apoprotein Al level was signif-
icantly higher in the stroke patients with
PAD than in those without PAD. However,

Table 2-A Association Between PAD and Risk Factors

PAD
Risk Factors positive negative P value
(n=81) (n=20)

Age [years, mean+SD] 72.0+11.9 68.6+12.6 0.2585

Male sex [%] 52(64.2%) 15(75.0%) 0.5148
Blood pressure

Systolic [mean+SD, mmHg] 162.8+30.1 159.8+29.5 0.6925

Diastolic [mean+SD, mmHg] 86.7+15.6 82.7+13.3 0.2970

BMI {kg/m?] 22.4+2.8 22.0+2.5 0.5521

Smoking [%] 55(67.9%) 13(65.0%) 1.0000

History :

Hypertension [%] 75(92.69%) 17(85.09%) 0.5293

Diabetes Mellitus [%] 28(34.6%) 7(35.0%) 1.0000

Hyperlipidemia [%] 68(84.0%) 14(70.0%) 0.2669

Table 2-B Association Between PAD and Risk Factors (continued)
PAD
Lipids positive negative P value
(n=81) (n=20)

TC [mean=+SD, mg/dl] 204.0x176.5 202.0+181.0 0.2585

TG [mean=+SD, mg/dl] 107.0x76.3 102.5479.0 0.6886

HDL-C [mean+SD, mg/dl] 45.0+37.0 55.01+38.0 0.0631

LDL-C [mean=+SD, mg/dl] 134.94106.5 118.8+108.7 0.2833

Lipoprotein(a) [mean=®SD, mg/dl] 1.71+10.1 13.1+6.2 0.3644

Apoprotein Al [mean+SD, md/dl} 121.0+110.0 143.0+116.0 0.0188*

Apoptotein B [mean+SD, md/dl] 100.0+85.5 95.0+81.0 0.4607

Apoprotein E {mean=SD, md/dl] 4.33+1.03 4.524+1.13 0.5266

RLP-C {mean+SD, md/dl] 3.6x2.6 3.7x3.1 0.3438

Mann-Whitney U-test; * p<0.05

TC; total cholesterol TG;
HDL-C; HDL cholesterol, LDL-C; LDL cholesterol
RLP-C; RLP cholesterol
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Table 2-C Association Between PAD and Risk Factors (continued)

PAD
Other Factors positive negative P value
(n=81) (n=20)
CRP [mean+SD, mg/dl] 0.220.0 0.00.0 0.2444
D-D [mean=+SD, pg/dl] 0.840.4 0.940.2 0.4585
TAT {mean+SD, ng/dl] 2.7£1.9 2.4x1.8 0.1809
IMT [mean+SD, mm] 1.15+0.98 0.98+0.83 0.0126*
ABI [mean+SD] 1.13%£1.01 1.12%£1.08 0.5942
baPWV [mean+SD, mmHg] 19791712 1868+1371 0.0608
modified Rankin Scale [mean+SD]
on admission 3.0+2.0 2.0+£1.3 0.0376*
on discharge 1.0x+1.0 1.0+0.0 0.1069
Admission period [mean®SD, days] 26.0+£19.0 24.0+18.8 0.5650
CRP; C reactive protein D-D; D-dimer Mann-Whitney U-test; * p<0.05

TAT ; thrombin-antithrombin III complex

IMT ; intima-media thickness

ABI; ankle brachial index

there were no significant differences of the
other lipid parameters between the patients
with and without PAD.

The associations between PAD and sev-
eral other factors are shown in Table 2 The
carotid intima-media thickness and the
modified Rankin scale score on admission
were significantly larger in the stroke
patients with PAD than in those without
PAD, but there were no significant differ-
ences of the other factors between the
patients with and without PAD.

Multiple Logistic Regression Analysis

Logistic regression analysis showed that
the apoprotein Al level and the modified
Rankin scale score on admission were
strongly related to the occurrence of stroke
in patients with PAD (Table 3).

DISCUSSION

The present study showed that PAD is
frequently associated with acute ischemic
stroke due to either large or small artery

baPWV ; brachial-ankle pulse wave velocity,

occlusion, suggesting that it may be impor-
tant to perform screening for PAD in
patients with ischemic stroke. Our study
also revealed that the prevalence of PAD is
increased in stroke patients, suggesting that
detection of PAD may help to improve the
prognosis of patients with ischemic stroke.
In general, an ABI of less than 0.9 is consid-
ered to indicate the presence of PAD Since
blood pressure is higher in the lower limbs
than in the upper limbs, the normal ABI
ranges from 1.0 to 1.5'. Detection of
PAD by measuring the ABI was previously
found to have a 909 sensitivity and 95%
specificity, so this method is generally
accepted as th@ gold standard*. In many
studies conducted in Europe and the USA,
PAD was defined as being present when the
ABI was less than 0.9'9~29  Alternatively,
an ABI greater than 0.90 at rest that
decreases by 209 or more after exercise has
been proposed to be diagnostic of PAD?.
This suggests that patients with leg pain on
exertion who have ABI values >0.90 should

Table 3 Forward Stepwise Multiple Logistic Regression Analysis Of PAD in Relation to Apoprotein A1, IMT, and modified

Rankin Scale (on admission)

Coefficient Odds ratio 959% CI P value
Apoprotein Al ~0.02138 0.979 0.959 0.999 0.0312
modified Rankin Scale 0.5041 1.660 1.01 2.71 0.0318

(on admission)
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