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Table 1 Background factors of LA and control groups

LA group Control group P
n 35 43
Age (year) 77.4%6.6 77.616.4 0.8927
6085 61--88
Gender (men/women) 12/23 23/20 0.0708
Duration of illness (year) 0.8+0.5 0.8+0.5 1.0000
Risk factors (%)
Hypertension 24 (68.6) 30 (70.0) 0.6415
Diabetes 12 (34.3) 9 (20.9) 0.1433
Hyperlipidemia 16 (45.7) 13 (30.2) 0.1207
Activity of daily living (%) 0.0678
Independent 13 (37.1) 27 (62.8) 0.0210*
Dependent, partially 13 (37.1) 11 (25.6) 0.1965
Dependent, totalty 9 (25.7) 5(1L.6) ©0.0944
*p<0.05 (Student’s t-test, chi-squared test, Kruskal-Wallis test) (m=+SD)

LA: leuko-araiosis

7 U7 L(0.5mD) IIEAERE 2T L TEIR T1,000[H]
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160mmHgPl B U < 13 HRIAMAESmmHgl £ %
D, TR ALPOBREEEEELZITTRED DL L
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&L, BiRIERMERT L AT T — IV EH220mg/dl
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% BEYCStudent’s t-IR5E, ¢85, Kruskal-WallistRsg %
1TV, Ay FH2idKaplan-Meierl®:, log-rankifseE, Hfl
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Table 2 Carotid ultrasonographic and platelet aggregability findings

LA group Control group P
n 35 43
Ultrasonographic findings (%)
No lesion 8 (22.8) 20 (46.5) 0.0260*
Unilateral lesion 11 (31.4) 14 (32.6) 0.5558
Bilateral lesion 16 (45.7) 9 (20.9) 0.0183*
No. of plaque
nodular 15/70 10/86 0.0752
mural 24/70 22/86 0.1564
No. of stenosis ' 2/70 1/86 0.4229
Platelet aggregability (%)
Suppressed 3 (8.6) 247 0.4020
Normal 19 (54.3) 32(74.4) 0.0527
Increased 13 (37.1) 9 (20.9) 0.0787

*p<0.05 (chi-squared test)
LA: leuko-araiosis

Q)EMBEOCEHIRI I —FR
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Table 3 Prognosis of LA and control groups

LA group Control group ) P
n 35 43
Follow-up period (year) 53421 5.7x24 0.4415
0.1-9.1 0.4-10.0
No. of death 12 (34.3) 7(16.3) 0.0575
Annual mortality rate (%) 6.5 2.9 0.0919
Cause of death
Pneumonia 8 4 0.0912
Recurrent stroke 3 1 0.2340
Myocardial infarction 1 1 0.6993
Lung cancer 0 1 0.5513
Cases with a.ntiplatelét therapy 10 (28.6) 10 (23.3) 0.3907
No. of death (%) 8 (22.9) 3(7.0) 0.0466*
among cases with increased
aggregability at registration
*p<0.05 (Student’s t-test, chi-squared test, Cox proportional hazard model) (m=*SD)

LA: leuko-araiosis

Table 4 Comparison of prognosis: In the LA group with and without increased platelet aggregability

LA group Control group P
n 13 22

Age (year) 79.2+4.5 76.5£7.3 0.2382
Gender (men/women) 2/11 10/12 0.0722
Duration of illness (year) 0.8+0.4 0.8+0.5 1.0000
Follow-up period (year) 44+24 5.8+1.7 0.0518
No. of death 8 4 0.0127%
Annual mortality rate (%) 14.1 3.1 0.0058*
Cause of death

Pneumonia 5(38.4) 3(13.8) 0.1027

Recurrent stroke 3(23.1) 0(0) 0.0437*

Myocardial infarction 0@ 1(4.6) 0.6286

*p <0.05 (Student’s t-test, chi-squared test, Cox proportional hazard model)

LA: leuko-araiosis

Zlhb, BEF—EORICOFERFELL VDL
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ENTnaY,
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ReBIRMEL &b HEREICHEET 2R & LT
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g, MEREDSHCEREOEL R MR DE
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Survival rate

Log-rank statistics: ¥2=11.075,Df=3,p=0.0113 L

! i L — LA
- O Non-increased
089 | . LA
o P
0.84 Non-increased
0.82 L LA(D)
(@] Increased
0.30 |
........... LA (+)
0 Increased

0 2 4 6 8

Period (year)

10

12
L.A: leuko-araiosis

Figure 1 Kaplan-Meier survival curves of four groups classified by the presence of LA and

increased platelet aggregability.
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Platelet Function in Stroke Patients with Severe Leuko-araiosis and Its Implication
Toshihiko Iwamoto, Toshiki Nakai, Akihiro Kimura, and Kentaro Hirao

Department of Geriatric Medicine, Tokyo Medical University Hospital, Tokyo, Japan

Key words: cerebral infarction, white matter, leuko-araiosis, platelet function, prognosis

Purpose: Although the etiology of leuko-araiosis has been studied especially in association with hypertension, the
implication of platelet function in white matter ischemia remains uncertain. This study was conducted to clarify the link
between platelet function and leuko-araiosis (LA). Methods: Thirty-five stroke patients with severe leuko-araiosis (LA
group) were compared with 43 patients with lacunar stroke without LA on platelet aggregability and carotid ultrasonog-
raphy, followed by evaluating their outcomes. Platelet aggregability, measured by using an aggregometer and ADP at
four different concentrations as an agonist, was classified into three grades: suppressed, normal, and increased. On a
basis of carotid ultrasonographic findings, plaques or stenosis were defined as carotid lesions. Results: Average age of
the LA group was 77.4 years. There was no significant difference between the groups in background factors except for
ADL status. Frequencies of increased platelet aggregability and bilateral carotid lesion were both significantly higher in
the LA group. The average follow-up period in the LA group was 5.3 years, with 12 deaths from aspiration pneumonia
(8 patients), relapse of stroke (3 patients), and myocardial infarction (1 patient). Annual mortality rate of the LA group
with increased platelet aggregability (14.1%) was significantly higher than the one without increased platelet aggregability
(3.1%), showing log-rank statistic 6.002 (Df =1, p = 0.0143). Conclusion: Poor prognosis in the LA group with
increased platelet aggregability suggests that the exacerbation of cerebral ischemia may have resulted in cerebral
infarction or more severe white-matter ischemia, which was likely to induce disability in swallowing. Therefore, it seems
that platelet function test helps to determine prognosis of stroke patients with severe LA.

(J Jpn Coll Angiol, 2005, 45: 995-1001)
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Abstract

To observe the effect of smoking habit on age-related serum lipid levels, we examined a large cohort of Japanese cross-sectionally and
longitudinally. The participants included 103,648 Japanese men and women 17-94 years of age, who had received annual health examinations
from 1989 to 2003, In cross-sectional analysis, total and LDL cholesterol levels of smokers were lower than those of nonsmokers up to an
elderly age in men and up to middle age in women. Smoking was associated with decreased HDL cholesterol levels up to the 65-74 years
age group in men and 55-64 years in women. The triglyceride levels were higher in smokers in both genders than those of nonsmokers below
55-64 years. In the longitudinal analysis, although smoking was associated with lower total and LDL cholesterol up to 60 years of age in
women, beyond the sixties an inverted association was observed. The associations of smoking with lower LDL cholesterol levels in men and
lower HDL cholesterol in both genders were fairly consistent at any given age. The increase of triglyceride levels in female smokers remained
rather constant between 25 and 75 years, whereas the increase in triglyceride levels in male smokers was greater with older ages up to middle

age. These results suggest that the effect of smoking on the serum lipid levels is dependent on age and gender.

© 2005 Published by Elsevier Ireland Ltd.
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Although smoking is well recognized as a risk factor
for coronary artery disease and stroke [1,2], the underlying
mechanisms and factors responsible for this association are
complex and only partially understood [3]. One possible
mechanism for the effect of smoking on cardiovascular
disease risk is the atherogenic impact of tobacco smoke on
serum lipids and lipoproteins. Previous observations suggest
that smokers exhibit elevations oftriglycerides, total and low-
density lipoprotein (LDL) cholesterol, as well as decreases
of high-density lipoprotein (HDL) cholesterol as compared
with nonsmokers [4—6]. Most conclusions regarding these
associations with smoking habit have been drawn from
selected groups, including clinical trials or cross-sectional
studies targeting adolescents, young adults, and adults. To
our knowledge, no study has been done targeting the elderly.

* Corresponding author. Tel.: +81 52 744 2364; fax: +81 52 744 2371.
E-mail address: kuzuya@med.nagoya-u.ac.jp (M. Kuzuya).
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We and other authors have demonstrated that serum lipid
levels vary during the ageing process based on the longi-
tudinal observations [7,8]. However, the effect of smoking
habit on the age-related changes in serum lipid levels remains
unknown, and to our knowledge, no study has examined the
longitudinal changes in the smoking effect on serum lipid
levels in individual across a broad age range over time.

In the present study, we examined the cross-sectional and
longitudinal changes in serum lipid levels in a single cohort
of individuals with or without smoking habit to observe the
effect of the natural aging process on the effect of smoking
on the age-related serum lipid levels.

1. Materials and methods
1.1. Study population

The study population was office workers and their families
residing in Aichi Prefecture in the central region of Japan. The
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subjects included 103,648 Japanese (65,789 men and 37,859
women) with an average age of 44.7 years in men and 43.3
years in women, who had received annual examinations at a
health examination center in Japan between 1989 and 2003
(Table 1). A total of 2030 subjects who were receiving med-
ication for hyperlipidemia had already been excluded. Our
cohort included more males than females, since the num-
ber of male workers is greater than the number of female
workers in Japan. About 57% of the cohort attended at least
one follow-up examination. Average visits for the follow-
up examinations were 3.1 times for men and 2.7 times for
women.

1.2. Procedures and laboratory methods

The examinations included a questionnaire, a physical
examination, an anthropometric measurement, and labora-
tory analysis of blood samples, all taken on the same day.
The anthropometric measurements included height and body
weight, which were measured while the subject was wearing
light clothing without shoes. The body mass index (BMI) was
calculated as weight/height? (kg/m?). Information on smok-
ing status (current cigarette smokers or not) was also recorded
using a self-administered questionnaire.

All serum samples were obtained following a 1214 h fast.
Serum was separated promptly, and all lipid analyses were
conducted at the clinical laboratory in the health examina-
tion center. Serum total cholesterol and triglycerides were
measured by using enzymatic methods. HDL cholesterol was
measured after dextran sulfate-magnesium precipitation. No
differences were seen in the sample collection, laboratory
apparatus, or techniques used between 1989 and 2003. LDL
cholesterol was estimated by using the method of Friedewald
et al. [9].

1.3. Data analysis

The data were analyzed with the Statistical Analysis
System (SAS), release 8.2. Smoking status and age-related

change of the serum lipids were quite different between men
and women. Thus, the data were analyzed separately by gen-
der. We previously demonstrated that there is a birth cohort
effect on serum lipid levels based on a 10-year longitudi-
nal analysis of the same cohort, which suggested that higher
estimated total and LDL cholesterol levels were observed
in younger birth cohorts than in older cohorts [7]. Average
of total and LDL cholesterol levels increased with the year
of the observation. Therefore, the cross-sectional data were
adjusted for the year of the initial examination of each subject
and BMI, and lipid levels were estimated for the examination
in 1996 and at BMI=22 (Table 3). The difference in serum
lipid levels between smokers and nonsmokers was examined
using Student’s #-test in six age groups divided by decades
ranging from less than 25-75 years and older.
Cross-sectional age-related changes in the lipid levels may
represent cohort, period, and/or survivor ship effects rather
than a true aging effect. Longitudinal data analysis is neces-
sary to examine the effect of smoking habit on true age-related
changes of serum lipid levels. Longitudinal changes in serum
lipid levels were analyzed by a mixed effect model [10,11],
which is a type of statistical analysis commonly used for
repeated measurements. It is applied using the SAS proce-
dure PROC MIXED, typically using the PEPEATED state-
ment. Age-related changes of serum lipids were estimated by
quadratic curve of age controlling for the observation year
and BMI. Fixed effects for the observation year, BMI, age,
age square, smoking status, smoking—age interaction, and
smoking—age square interaction were included in the model,
and random effect of subjects were also included in the model.
Responses from points close in time are usually more highly
correlated with each other than responses from points far
apart in time. Therefore, special methods of analysis are usu-
ally needed to accommodate the correlation structure of the
repeated measurements. This autoregression was controlled
using the autoregressive covariance-structure in the mixed
effect model. The least square means for serum lipid values at
every age were determined in smokers and nonsmokers. The
differences of the lipid levels between smokers and nonsmok-

Table 1
Characteristics of participants
Men ‘Women

Number of subjects 65,789 37,859
Total no. of measurements for 14 years 204,064 103,244
No. of measurernents per subject for 14 years, mean (S.D.) 3.1Q29) 2.75)
Age (year), mean (S.D.) 44.7 (9.3) 43.3(9.4)
Age range (year) 14-94 17-85
Height (cm) at initial measurement, mean (S.D.) 168.5 (6.0) 156.0 (5.4)
Body weight (kg) at initial measurement, mean (S.D.) 65.6(9.3) 52.4(7.3)
BMI (kg/m?) at initial measurement, mean (S.D.) 23.1(2.8) 21.6(29)
Smoker (%) at initial examination 534 11.8
Serum lipid levels at initial measurement

Total cholesterol (mM), mean (S.D.) 5.15(0.90) 5.14 (0.94)

LDL cholesterol (mM), mean (S.D.) 3.02 (0.81) 2.94 (0.85)

HDL cholesterol (mM), mean (S.D.) 1.42(0.34) 1.75(0.37)

Triglyceride (mM), mean (S.D.) 1.60 (1.16) 0.98 (0.56)
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Table 2
Characteristics of participants for longitudinal analysis
Men Women

Number of subjects 61,150 37,024
Total no. of measurements for 14 years 204,064 103,244
No. of measurements per subject for 14 years, mean (S.D.) 2.9(2.8) 2.7(2.5)
Age (year), mean (S.D.) 44.7 (9.3) 434 (9.4)
Age range (year) 14-94 17-85
Follow-up periods (year), mean (S.D.) 29(.9) 2.8(3.8)
Height (cm) at initial measurement, mean (S.D.) 168.5 (6.0) 156.0(5.4)
Body weight (kg) at initial measurement, mean (S.D.) 65.6 (9.3) 52.4(7.3)
BMI (kg/m?) at initial measurement, mean (S.D.) 23.1(2.9) 21.6(2.9)
Smoker (%) at initial examination 51.5 10.6
Serum lipid levels at initial measurement

Total cholesterol (mM), mean (S.D.) 5.15 (0.90) 5.14 (0.94)

LDL cholesterol (mM), mean (S.D.) 3.03(0.81) 2.95(0.85)

HDL cholesterol (nM), mean (S.D.) 1.42(0.34) 1.75(0.37)

Triglyceride (mM), mean (S.D.) 1.60(1.17) 0.98 (0.56)

ers at each age were obtained by the differences of estimated
lipid levels based on the longitudinal analysis using a mixed
effect model between smokers and nonsmokers at each age.
In the longitudinal analysis, subjects who reported a non-
smoking status at least once during the repeated examinations
over a 14-year period were excluded from the smoker group.
In addition, subjects who reported current smoking status
during at least one point of the repeated examinations were
excluded from the nonsmoker group. As a result, all subjects
who changed smoking habit as noted during the repeated
measurements (4639 males and 835 females) were excluded
from the longitudinal analysis. The characteristics of partici-
pants for the longitudinal analysis are sammarized in Table 2.

2. Results
2.1. Cross-sectional analysis

Fig. 1 shows the smoking rate of the participants between
1989 and 2003. At the initial examination, the rate of smoking
in men and women was 53.4 and 11.8%, respectively, which
is similar to rates shown in a national survey. The rate of
smoking decreased during the periods examined which is
consistent with the observation of others {12].

Fig. 2 shows the age-specific means and 3-year moving
average of serum lipid levels at initial measurement of each
subject of men and women with or without smoking habit
from 1989 through 2003 before including the effect of BMI
and the time of examination. The age-related changes of
serum lipid levels of both male and female smokers were
similar to those of nonsmokers. In men, serum total choles-
terol level gradually increased from 20-29 years up to 50-59
years, and no further increase was observed after 50-59
years. In women, serum total cholesterol level dramatically
increased from 20-29 years up to 60—69 years and then sub-
sequently decreased. These age-related changes were similar
in LDL cholesterol levels in men and women. HDL choles-

terol levels were rather constant up to 70~79 years in men. In
women, HDL cholesterol levels were lower with increasing
age. Serum triglyceride levels increased up to 4049 years,
followed by a decline above 50-59 years in men, whereas
triglyceride levels in women increased up to 60—-69 years and
then decreased at 70~79 years.

Total and LDL cholesterol levels of smokers were some-
what lower than those of nonsmokers above middle age in
men, but no obvious differences were observed between
smokers and nonsmokers in women (Fig. 2). In HDL choles-
terol and friglyceride, much lower and higher levels were
observed, respectively, in smokers compared with those of
nonsmokers at all ages of men and women (Fig. 2).

We previously demonstrated that there was a birth cohort
effect on serum lipid levels in this large Japanese cohort {7].
BMI is also known to influence the serum lipid levels [13,14].
Therefore, the cross-sectional data of serum lipid levels at
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lipid levels are shown in smokers and nonsmokers at the initial examination.

initial examination of each subject from 1989 through 2003
were adjusted for the year of the individual examination and
BMI. Mean values of serum lipid estimates for the exam-
ination in 1996 and at BMI=22 are shown by age group
and gender with or without smoking habit in Table 3. Sig-
nificant differences existed in lipid levels between smokers
and nonsmokers. Total and LDL cholesterol in male smokers
were lower than those of nonsmokers from 25 to 34 years up
to elderly age, while in women the effect of smoking on the
total and LDL cholesterol lowering was observed from 35-44
years through 55-64 years and from 25-34 through 35-44
years, respectively. Smoking was associated with decreased
HDL cholesterol levels between 25-34 years and 65-74 years
in men, and from young adulthood up to 55-64 yeats in
women. The triglyceride levels were higher in male and
female smokers than those of nonsmokers below 55-64 years.
However, after 65 years no difference in triglyceride levels
was observed between male and female smokers and non-
smokers.

2.2. Longitudinal analysis

The serum lipid levels of smokers and nonsmokers from
age 30 through age 70 at 10-year intervals were estimated for

each age using the least square means method in the mixed
effects model. These values were adjusted for the examina-
tion year in 1996 and BMI=22. As shown in Table 4, male
smokers exhibited lower total and LDL cholesterol levels than
those of nonsmoker controls from age 30 through age 70.
In women, a similar tendency toward lower total and LDL
cholesterol levels in smokers was estimated at 40, 50, and
60 years, and 40 and 50 years, respectively. Both male and
female smokers had lower HDL cholesterol levels at any of
the 10-year intervals examined. In contrast, higher levels of
triglyceride were estimated in smokers of both genders from
age 30 to 70 years compared with those of nonsmokers.

Fig. 3 demonstrated the difference of estimated lipid levels
(the lipid levels of smokers—those of nonsmokers) between
current smokers and nonsmokers at individual age from 25
through 75 years based on the longitudinal analysis. The esti-
mates show that the effect of smoking on the decrease in
total cholesterol levels is apparent from 30 up to 65 years in
females, with a peak at 45 years old. However, beyond the
sixth decades of life the effect of smoking on total choles-
terol levels was inverted, showing higher cholesterol con-
centrations in female smokers than those of nonsmokers. In
contrast, the smoking effect on male total cholesterol levels is
rather consistent at any given age, although the decrement of
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859 the estimated total cholesterol for smokers is larger with age.
ces The pattern of the difference ofthe estimated LDL cholesterol
@ == between smokers and nonsmokers was similar to the pattern
aoo for total cholesterol. The HDL cholesterol value declines con-
ssg stantly in smokers at all ages in both genders. The increase
§ 24 of the estimated triglyceride levels in female smokers is con-
stant between 25 and 75 years, although there is a U shape
A with the bottom between 40 and 50 years. In males, the effect
% % e of smoking on the increase in triglyceride level was stronger
oo with age up to middle age, with the peak between 45 and
oo 50 years. Subsequently the effect decreased with age, and
s no difference of triglyceride levels was illustrated beyond 70
E8E
ges 3. Discussion
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- There has been debate as to whether the difference in
ggg serum lipid levels between smokers and nonsmokers is due
S=g to smoking itself or whether other confounding lifestyle fac-
e tors, e.g., body weight, alcohol consumption, and diet, have
T a dominant influence. There is now evidence to suggest a
es e causal relationship between smoking and serum lipid con-
=85 centrations.

The meta-analysis of 54 published studies by Craig et al.
ggg - shows an increase in plasma concentrations of total choles-
=as af terol (3%), triglyceride (9.1%), and LDL cholesterol (1.7%)
A 4 and a reduction in the concentrations of HDL cholesterol
SRR g (5.7%) in smokers as compared with nonsmokers [4]. How-
ses|g ever, as the authors described in the paper, in most of the
§ g alg previous studies lipid levels were not adjusted for age or

] BMI. Additionally, most studies have had only adolescent,
fggd young adult, or middle-aged subjects. To our knowledge no
SeEL data were available to see the effect of smoking habit on the
N =3 E serum lipid levels in the elderly as well as age-related changes
PO % in various lipid levels in a large cohort.

s S3 2 In the present study, we demonstrated that the influence
2T 35 of smoking habit on serum lipid levels is dependent on the
“Te fé subject age based on the cross-sectional as well as longitu-
cagls dinal observation. Based on cross-sectional observation, we
ceelg showed that there were no significant differences in serum
d -3 E lipid levels between smokers and nonsmokers in young adults
cn| B (<25 years) in men and women except for HDL cholesterol
Sa8|E and triglyceride in women. In addition, we observed that the
TeglE effect of smoking on the total and LDL cholesterol lowering
fe s . F and the enhancing influence of smoking on triglyceride lev-
gag s E *é els were not detected in the female elderly, although in male
SSeSE g 2 smokers, the total and LDL cholesterol levels were higher
SEs|d ; o even at 75 years and older than those of nonsmokers. The
ac |B 5 3 result suggests that the effect of smoking on serum lipid lev-
i i = ﬁ g 5 els is dependent on age.
2 2 fs, g g g We showed that the total and LDL cholesterol levels in
£33 = female and male smokers are lower than those of nonsmok-
332 § S 2 ers at least in middle age, which is inconsistent with the
EEE g LR most of the earlier observations that serum cholesterol con-
a® centrations were higher in smokers [4] In the meta-analysis



