CUNICAL INVESTIGATIONS

Relation of Serum Total Cholesterol and Other Factors
to Risk of Cerebral Infarction in Japanese Men
With Hypercholesterolemia

—— The Kyushu Lipid Intervention Study —
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Background Risk factors for cerebral infarction have not been well clarified, except for hypertension (HT),
and few studies have examined the risk factors in the elderly.

Methods and Results Clinical and behavioral risk facters for cerebral infarction were examined in 4,349
Japanese men aged 45-74 years with a serum total cholesterol (TC) concentration of 220mg/d] or greater who
participated in the Kyushu Lipid Intervention Study. A total of 81 men developed definite cerebral infarction in a
S-year follow-up period. The Cox proportional hazards mode] was used with serum TC at baseline and during
the follow-up, serum high-density lipoprotein-cholesterol (HDL-C), HT, diabetes mellitus {OM), and other
factors as covariates. Serum TC during the follow-up, not at baseline, was positively associated with cerebral
infarction, showing a stronger association in the elderly {265 years old) than in the middle-aged (<65 years old).
Statin use was related to a moderate decrease in the risk of cerebral infarction when follow-up TC was not con-
sidered, but the decrease was almost nullified after adjustment for follow-up TC. A low concentration of serum
HDL-C, diabetes mellitus, hypertension, and angina pectoris were each related 1o an increased risk. No clear
association was observed for body mass index, smoking or alcohol use.

Conclusions Lowering cholestero] is important in the prevention of cerebral infarction in men with moderate
hypercholesierolemia. A low concentration of HDL-C, DM, and HT are independent predictors of cerebral
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industrialized countries and of the 2 major types of

stroke, cerebral infarction predominates, although
hemoirhagic stroke remains common in Asian populations!
Risk factors for cerebral infarction have not been well clar-
ified, except for hypertension (HT)? Findings regarding the
relation between serum total cholesterol (TC) or low-densi-
ty lipoprotein-cholesterol (LDL-C) and cerebral infarciion
are inconsistent in observational studies}-16 whereas cho-
lesterol-lowering trials have shown a decrease in the risk of
cerebral infarction among patients assigned to statin treat-
ment!™18 The role of serum high-density lipoprotein-cho-

Stroke is a leading cause of death and disability in
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lesterol (HDL-C) is receiving particular interest in the
epidemiology of cerebral infarction. Low concentrations of
serum HDL-C have been fairly consistently associated with
an increased risk of cerebral infarction-9.1419 Sever-
al3 78121539 bt not all3® prospective studies reported that
diabetes mellitus (DM) was associated with an increased
risk of cerebral infarction. In the study reported here, we
examined the relation of serum TC and HDL-C and other
factors to the 1isk of cerebral infarction using data from the
Kyushu Lipid Intervention Study (KLIS), a primary pre-
venticn trial of coronary heait disease (CHD) events and
cerebral infarction in Japanese men with moderately
elevated concentrations of serum TC20-23 Furthermore,
because few studies have investigated the risk factors for
cerebral infarction in elderly persons6-131% we examined the
association with these factors in middle-aged and elderly
men separately,

Methods

Details of the study design, patient characteristics at
baseline, and primary resulis of the KLIS have been de-
scribed previously?®-23 In brief, 2 total of 5,640 men aged
45-74 years with seram TC concentration of 220mg/dl or
greater were enrolled by 902 physicians in Kyushu District
during the period between May 1990 and September 1993,
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Table 1 Characleristics of the Study Subjects by Statin Use

IWASHITA M cral.

Mean (SD) or propiriion

p-vale for

"

Statin (<) Siatin t+) difference®
Ne. of sihijects 1637 2712 -
Age (vears) 58.118.2) 58.0¢7.9) 078
Baseline tenal cholesterol (mg/di) 244 (17.9) 258{25.8) <(.0001
Followsup wnal chotesterol (mg/dl} 225(25.1) 219126.7) <(.000¢
Buseline HDL-cholesterol (mgfdl) 50¢12.0) 49(12.0) (.05
Bouly mays index (kphn®) 23.9(2.8) 24.212.7) 0008
Angina pectervis (%) 82 10.5 001
Hyperiension {9} 42.6 44.5 0.24
Diabetes mellitus (%) 24.9 228 0.1}
Prior use of wvpedipideniics (%) 7.6 H.3 <0.0001
Current smoking (%) 40.0 37.5 .10
Daitv alcohol wse (%) 41.7 39.6 0.16

Valies are mean (SD) wndess otherwise specified.

“Conmparison of means way bused on t-1est, and the chi-sqnare test was wsed for propertions.

fDrinking alfcahiol 5 davs per week or mare frequeniy.

All the patients gave consent o participate i the study.
Ineligible for the study were a history of myocardial infarc-
tion, coronary bypass surgery, coronary angioplasty, cere-
bral hemorrhage, or cerebral infarction; serum HDL-C con-
centration of 80 mg/d] or greater; and a life-limiting morbid
condition such as severe renal or hepatic disease. Each
physician was instructed to randomly allocate patients to
either pravastatin treatment or conventional treatment as
specified in a sealed envelope, but participating physicians
did not necessarily follow that instruction? The patients
were followed up until the end of 1997 for the occurrence
of coronary events and cerebral infarction. The study was
approved by the ethical comunittee of the principal investi-
gator's affiliated jnstitution.

Subjects

The present analysis included 4,349 of the 5,640 en-
rolled men; 1,291 were excluded for the following reasons:
(13 withdrawal of consent (n=147), (2) no institutional con-
tract (n=616; this category represented the lack of a written
agreement between a participating hospital or clinic and a
sponsoring pharmacentical company, which became neces-
sary in the course of the study because of the introduction
of a new regulation for clinical trials in Japan), (3) found to
be ineligible during follow-up (n=97), and (4) missing data
(n=431).

Laboratory and Clinical Data

Serum concentrations of TC, HDL-C, triglycerides (TG),
and other clinical and biochemical variables were deter-
mined at baseline and subsequently in the follow-up.
Laboratory measurements were done at different Jaborato-
ries, but each physician was requested 1o use the same
laboratory throughout the study period. Average serum TC
concentrations during the follow-up were determined on the
basis of periodical follow-up measurements at 3 months, 6
months, and every year thereafier; the number of measure-
ments ranged from 1 to 10 with a median of 6. Serum LDL-
C was not used in the present study because the Friedewald
method® was not applicable for 7% of the men who even
at baseline had serum TG concentrations of 400mg/d) or
greater (n=282) or who had missing data (n=5). HDL-C
was not measured in 46 men during the follow-up.

Hypertension was defined as present if a patient had
systolic blood pressure 2160 mmHg and/or diastolic blood
pressure 295mmHg or if was under medication for HT.

Subjects were defined as having DM if they had either
fasting plasma glicose 2140mg/dl or hemoglebin Alc
26.5% or if they were under medication for DM. The pres-
ence of angina pectoris (AP) and prior use of hypolipidem-
ic drugs were based on the report of the study physicians.
Statin use was defined if any statin drogs were prescribed
during the follow-up period. Height and body weight were
recorded, and body mass index (kg/m?®) was calculated as
an index of obesity. Current habits of smoking and alcohol
drinking were ascertained, together with the number of
cigareties smoked per day and frequency of alcohol drink-
ing per week.

Endpoints

Cerebral infarction was the secondary endpoint and
coronary events were the primary endpeint. Definite cere-
bral infarction was diagnosed when typical symptoms and
signs were accompanied with diagnostic findings on brain
imaging or cerebral angiography. Diagnosis based only on
clinical signs and symptoms was regarded as a suspected
case?0 These endpoints were determined by the Endpoint
and Adverse Effect Committee on the basis of periodical
reports from the study physicians and, if necessary, by
supplementary inquiry. From January to May 1998, an ad
hoc survey was carried out to ascertain the occurrence of
coronary events and cerebral infarction up 1o the end of
1997, Vital status was unknown for 36 men, and cerebral
infarction and coronary events were not ascertained for 97
men. A total of 81 definite cases and 10 suspected cases of
cerebral infarction were identified in an average observa-
tion period of 5.05 years. One definite case and 2 suspected
cases of cerebral infarction occurred subsequent to a coro-
nary event. None developed coronary events after cerebral
infarction. Only definite cases of cerebral infarction were
used in the present study, and the follow-up period con-
tinved uniil the event of a definite cerebral infarction
regardless of coronary events,

Statistical Analysis

The Cox proportional hazards model was used to exam-
ine the relation of clinical and behavicral factors to the risk
of cerebral infarction. The principal model included indi-
cator variables for age (5-year class), baseline serum TC
{<240, 240-259, 2260mg/dl}, follow-up TC (<220, 220~
239, 2240 mg/dl), serum HDL-C (<40, 40-59, > 60mg/dl),
BMI (<22.5, 22.5-24.9, 225.0kg/m?), AP, HT, DM, prior
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Risk Factors for Cerebral Infarction

use of lipid-lowering drugs, current smoking (0. 1-19, 220
cigarettes per day), and alcohol use (0, 1-4, 25 days per
week). The association with statin use was examined using
the model with and without follow-up TC. Adjusted rela-
tive risk and 95% confidence intervals (CI) were obtained
from a regression coefficient and standard error for the cor-
responding indicator variable. Statistical significance of the
interaction was assessed by the likelihood ratio test. Statis-
tical significance was declared when the 95%CI did not
include urity or when the two-sided p-value was less than
0.05. Statistical computations were done with the SAS sofi-
ware version 8.2 (SAS Institute, Inc, Carry, NC, USA).

Results

The mean age of the study subjects was 58.0 years, and
the mean concenteations of baseline and follow-up serum
TC were 253 mg/dl and 221 mg/dl, respectively. The char-
acteristics of the study subjects are summarized by statin
use in Table |. Serum TC concentrations were higher at
baseline and lower during the follow-up among men taking
statins than in those not taking the medication. The dif-
ferences were highly significant. The number of cerebral
infarctions was 47 (1.7%) in men taking statins and 34
(2.1%) in those who were not.

Although baseline TC was not associated with the risk of
cerebral infarction, the follow-up TC concentration was
strongly, positively associated with cerebral infarction
(Table2). A nearly 4-fold increase in the risk was observed
for men with a follow-up serum TC 2240 mg/dl compared
with those with a concentration <220 mg/dl. High concen-
trations of serum HDL-C (260 mg/d]) was associated with a
lower risk of cerebral infarction, although the decrease was
tiot statistically significant (p=0.08). Diabetes mellitus was
associated with a statistically significant increase in the risk
of cerebral infarction. Men with AP or HT also showed a
moderate increase in the risk, and the increased risk associ-
ated with HT was statistically significant. No clear associa-
tion was observed for BMI. A statistically nonsignificant
decrease in the risk was observed for each of the intermedi-
ate categories of smoking and alcohol use.

Statin use was associated with a statistically non-signifi-
cant, moderate decrease in the risk of cerebral infarction
without adjustment for follow-up TC; adjusted relative risk
for statin use was 0.73 (95%CI 0.46-1.16) when follow-up
TC was replaced with statin use in the model used for
Table2. When both statin use and follow-up TC were
included tn the model, the adjusted relative risk for statin
use was 0.91 (95%CI 0.57-1.47), and adjusted relative
risks for the follow-up TC concentrations of <220, 220-
239, and 2240mg/dl were 1.00 (referent), 1.69 (95%Cl
0.97-2.97), and 3.76 (95%CI 2.15-6.56), respectively.
Further, the association between follow-up TC and cerebral
infarction was examined by statin use. In that analysis,
follow-up TC was used as continuous variable to avoid
unstable estimation because of the smaller number of cases.
Adjusted relative risks for an increase of 10mg/dl in TC
were 1.31 {95%CI 1.14-1.51) in non-statin users and 1.1}
(95%CI 0.99-1.25) in statin users. The increased risk asso-
ciated with follow-up TC seemed to be attenuated in the
latter group, but the interaction was not statistically signifi-
cant (p=0.16).

When separate analyses were done for men aged less
than 65 years and those aged 65 years or older (Table3),
the increased risk of cerebral infarction associated with
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Table 2 Adjusted Relative Risks of Cerebral Infarction According to
Selected Risk Factors

. No.of  No, of Adjusted RR
Variabie men cases { ‘}'5 9 C1)*
Buaseline TC (mg/dl)

<240 1463 21 1.00 (referent)

240-259 1.538 38 142 (0.83-2.46)

2260 1048 22 0.78 (0.42-1.46)
Folton-up TC {mghdl)

<220 2,097 29 1.00 {refereni)

220-239 PR n 1,72 ¢0.99-3.10)

2240 914 29 3.86 (2.23-6,62)
HDL-cholesterol (imgldl)

<40 970 22 1.00 (referenr)

40-59 2485 49 0.94 (0.56-1.57)

260 804 1 0.50{0.23-1.09)
Bodv mass index (kg/ni?)

<225 1.197 22 1.00 {refereni)

22.5-249 1,600 3 115 (0.66-2.01)

225.0 1.543 28 116 (0.65-2.07)
Angina pecloris

None 1930 66 1.00 (referems)

(+) 419 15 1.74 (0.98-3.08)
Diabetes mellines

None 3,325 54 1.00 {referent)

{+) 1.024 27 1.84 (1.13-2.89)
Hyvpertension

Nane 2,445 30 1.00 (referent)

{+) 1,904 51 165 (1.04-2.63)
Cigarettes per day

0 2,679 40 10O (referent)

1-19 474 6 0.54 (0.23-1.26)

22 1,196 15 0.82 (0.46-1.46)
Alcohol use {davstweek)

[/ 1683 44 L0D (referent)

1— 410 10 0.5010.25-1.04)

25 1,756 27 0.85(0.52-1.41)

RR, relative risk; Cl, confidence imerval: TC, oral cholesierad,
*Based on the Cox proporvional hazards mode camtrolling for age (5-vear
class), prior use of cholestevol-lowerving drigs, and listed variabies.

elevated concentrations of serum TC during the follow-up
was slightly more evident in the elderly men than in the
middle-aged men. A decreased risk associated with high
concentrations of HDL-C was more apparent in the middle-
aged men, but neither of the decreases in risk for the 2 age
groups was statistically significant. Diabetes mellitus and
AP were each associated with a statistically significant in-
crease in the risk of cerebral infarction in the elderly only.
Hypertension was statistically non-significantly associated
with an increased risk in both middle-aged and elderly men.
As regards alcohol use, a statistically significant decrease
in the risk was observed for the category of 1—4 days per
week in elderly men only.

Discussion

Methodological problems need to be clarilied before
interpreting the present findings. Because the patients were
non-randlomly allocated to pravastatin treatment, cardio-
vascular risk factors were generally more prevalent among
statin users, as shown in Table [. Although statistical adjust-
ment was done for these factors, residual confounding
effects possibly remained. Statin use was strongly associ-
ated with lower concentrations of follow-up TC, and it may
be difficult to conclude which is more importantly related
to the risk of cerebral infarction on statistical grounds. All
the patients were treated for hypercholesterclentia regard-
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Tabte 3 Adjusted Relative Risk of Cerebral Infarction According to Sclected Risk Factors in Men Aped Less Than

63 Years and Older Men

Vauriahle

<03 years (n=3.115)

263 yeury (n=1.070)

No. of cases

Adjusted RR [95%CI)*

No. of caves

Adjnisted RR (95% 157

Baseline TC (myg/dl)

<240 7 1.00 {referent) 14 1.00 (referent)

24p-259 16 197 (0.78-4.70) 22 115(0.57-2.31)

2260 15 1.65 (0.64-4.26} 7 0.38(0.15-0.98)
Follow-up TC {mg/dl)

<220 13 1.00 {refereni) 16 1.00 (referent)

220-239 12 1,40 (0.63-3.12} I 191 (0.87-4.19)

2240 13 2.45(1.07-5.60) 16 5.26(2.53-10.93)
HDL-cholesterol fimghll)

<40 12 1.00 (referent) 10 100 (referent)

40-59 23 0.70(0.35-1.43) 26 1.33(0.63-2.82)

260 3 0.33 (0.09-1.18) 7 0.70(0.25-1.94}
Body mass index (kg/m?)

<225 7 1.00 (referemt) 15 1.00 {referent)

22.5-24.9 14 1.26 (0.31-3.15) i7 1.20(0.59-2.46)

225.0 H 1,45 (0.59-3.56) i 1.01{0.45-2.27)
Angina pectoriy

None 34 1.00 (veferent) 32 1.00 {referent)

(+) 4 0.99(0.35-2.82) 11 2.70(1.32-5.53)
Diabetes mellitus

None 26 1.00 (referent) 28 1.00 {referent)

(+) 12 1.39(0.70-2.77) 15 2.42(1.25+4.68)
Hypertension

None 16 1.00 {referent) 14 1.00 [referent)

(+) 22 1.50 (0.77-2.90) 29 1.89{0.98-3.57)
Cigarenes per dav

0 27 1.00 (referent} 33 1.00 [referent)

1-19 2 0.4510.11-1.92) 4 0.5940.21-1.72}

220 g 0.81(0.38-1.81) 6 0.831(0.33-2.04)
Alcohol tese (davs/wveek)

o 17 1.00 (referent) 27 1.00 (referent)

1— 7 0.79(0.32-1.92) 3 0.25(0.058-0.94}

=5 14 0.83(0.40-1.73) 13 0.04 {0.47-7.90}

RR, retarive risk; Cl, confidence interval; TC, totel cholesterol.

*Based on the Cox proportional huzards madel controlling for uge (5-veur class), prior use of cholesterol-lowering drugs. and

listed variables.

less of statin use, and cardiovascular risk factors ascertained
at baseline may have changed in varying degrees. The rela-
tion of clinical risk factors at baseline to the risk of cerebral
infarction may have been attenuated because comorbid
conditions such as HT and DM were probably well treated
during the follow-up?® Finally, results from the subgroup
analysis should be interpreted cautiously. In the analysis by
statin use or by age group, the estimated relative risks were
more subject to random fluctuation because of the smaller
number of cases.

The present study demonstrated an evident, positive
association between the serum TC concentration in the fol-
low-up period, but not at baseline, and cerebral infarction.
Statin use was associated with a moderate, statistically non-
significant decrease in the risk of cerebral infarction when
follow-up TC was not taken into consideration. The magni-
tude of the decrease in the risk associated with statin use was
the same as reported for pravastatin use previously in the
KLISH However, the decreased risk associated with statin
use was almost nullified after adjustment for follow-up TC.
The positive association with follow-up TC remained after
adjustment for statin use. These findings indicate that
lowering cholesterol itself is important in the prevention of
cerebral infarction among men with moderate hypercholes-
terolemia.

[t remains a matter of controversy whether the reduced
risk of stroke or ischemic stroke associated with use of
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statins can be ascribed to the cholesterol-lowering effect of
statins or to other properties?6.27 Stating are known to ame-
liorate endothelial dysfunction, stabilize atherosclerotic
plaques, and modify inflammatory responses and thrombus
fermation® The observation that statin treatment confers
a reduced risk of ischemic stroke among hypertensive
patients with average or below-average cholesterol concen-
trations suggests a role of the nonlipid-lowering effects of
statins?? On the other hand, a meta-analysis of randemized
controlled trials indicated that the beneficial effect on
stroke incidence was seen only when the final cholesterol
concentration was <232 mg/dt (6.0 mmol/L), suggesting the
importance of lowering cholesterol?® Another meta-analysis
of 7 prospective observational studies showed a statistically
significant decrease of 15% in the risk of thromboembolic
stroke for a 1.0mmol/L decrease in LDL-C3! In this regard,
the interaction between statin use and follow-up TC is of
particular interest. In the present study, the pesitive relation
between follow-up TC and cerebral infarction seemed
weaker among statin users. The findings may be interpreted
as suggestive of a protective effect of statins other than
their cholesterol-lowering effect, but it is also possible that
uncontrolled risk factors other than elevated concentrations
of serum TC may be major determinants of the risk of cere-
bral infarction among statin users because they are gen-
erally at a higher risk of cardiovascular diseases on entry.
A larger study is needed to clarify the relation between
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Risk Factors tor Cerebral Infacetion

achieved concentrations of TC or LDL-C and cerebral
infarction among patients under treatment with different
classes of cholesterol-lowering drugs.

The positive association between serum TC in the fol-
low-up and cerebral infarction seemed to be stronger in the
elderly men than in the middle-aged men in the present
study. Not many studies have addressed the relation be-
tween cholesterol and cerebral infarction in the elderly. Ina
prospective study of those aged 60 years or older$ serum
TC was unrelated to the risk of cerebral infarction. In a
clinical trial of the elderly in EuropeX statin use did not
result in a decrease in the incidence of stroke, not specifi-
cally of cerebral infarction, but there was a substantial
decrease in coronary events. On the other hand, in Japanese
men in Hawaii!5 a statistically significant increase in the
risk of ischemic stroke was cbserved for the highest vs
lowest quartile of serum TC in men aged 60-74 years, but
not in those aged 51-59 years. The seemingly differential
association with serum TC according to age group in the
present study could be a random fluctuation as discussed
earlier, but the findings are consistent with the progression
of atherosclerosis; that is, atherosclerosis in the cerebral
arteries occurs later in life than coronary atherosclerosis!s

Although HDL-C has been emphasized as a predictor
of coronary heart disease in Western countries™ and in
Japan} it is only very recently that low concentrations of
serum HDL-C were found to be associated with an in-
creased risk of cerebral infarction21419 Qur findings on
HDL-C add to evidence for a protective association
between HDL-C and cerebral infarction. The non-HDL-C
concentration may be more useful than that of TC in
predicting the risk of cardiovascular diseases?® When the
non-HDL-C concentrations at base line and during the
follow-up, categorized at each quartile, were included in
the model used for Table2 instead of the baseline and
follow-up TC concentrations and HDL-C at baseline, the
relation between non-HDL-C concentration during the
follow-up and the risk of cerebral infarction was not as
strong as observed for follow-up TC; adjusted relative risk
for the highest (=188 mg/dl) vs lowest (<153 mg/dl) quar-
tile was 3.16 (95%CI 1.62-6.16). The role of serum TG in
the development of atherosclerotic diseases is also of
recent interest because of its relevance to metabolic syn-
drome*3 In the present study, however, the baseline
concentrations of serum TG were unrelated to the risk of
cerebral infarction; when serum TG were additionally
included in the model used for Table?2, adjusted relative
risks for triglycerides <150, 150199, and 2200 mg/d] were
1.00 (referent), 1.17 (95%CI 0.68~2.04), and 0.95 (95%CI
0.56-1.63), respectively.

Diabetes mellitus, HT and AP were found to be related
to an increased risk of cerebral infarction, especially among
the elderly men. Further confirmation is needed regarding
possible differential relations according to age group. The
present findings regarding smoking and alcohol use were
difficult 1o interpret because past smokers and past drinkers
were not distinguished from lifelong nonsmokers and
nondrinkers. Occasional alcohol use was related to a sub-
stantial decrease in the risk of cerebral infarction among
elderly men. In general, no material association between
alcohol use and cerebral infarction has been found in pro-
spective studies?7-10-12 Exceptionally, alcohol use was
associated with a decreased risk of atherosclerotic stroke in
a study of elderly persons!® Further studies are warranted
in view of much evidence that moderate alcohol consump-
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tion confers protection against atherosclerosis36.37

In summary, in men undergoing treatment for moderately
elevated concentrations of serum TC, higher concentrations
during the treatment, but not at baseline, were strongly
related, to an increased risk of cerebral infarction and the
decreased risk associated with statin use was almost nulli-
fied when follow-up TC was taken into account. Lowering
cholesterol itself, rather than the choice of cholesterol-
lowering regimen, is important in the prevention of cere-
bral infarction in patients with hypercholesterolemia.
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Abstract

Patients with heterozygous famitial hypercholesterolemia (FH) were examined with B-mode ultrasound in order to determine
intima-media thickness (IMT) in the comman carotid artery, and 1o uncover potential risk factors responsible for the development
of IMT. Ninety seven FH subjects and 132 non FH 1ype la hyperlipidemic subjects were involved in the present study. Age was
found to correlate positively with IMT in both FR and nen FH groups. FH individuals showed a higher IMT, along with elevaled
low density lipoprotein (LDL) cholesterol levels, compared with age-matched non FH individuals. To clarify potential faciors
contributing to the formation and development of carctid atherosclerosis. we divided the FH subjects into two subgroups. namely
FH with high IMT group (HIG), and those with low IMT group (L1G). We investigaled those two subgroups on the presence
of angiographically documented coronary heart disease (CHD). of family history of CHD and of ‘midband lipoproteins’ by
polyacrylamide gel electrophoresis {(PAGE) analysis, by matching for age and LDL-cholesterol (LDL-C) level. Fifty pereent of FH
men in HIG was found 10 have CHD, whereas only 14% of those in LIG had CHD (# < 0,05). Thirty-three percent of FH women
in HIG was found 1o have CHD. whereas only 12% of those in L1G had CHD (P < 0.05). Fifiy percent of FH men in HIG was
found to have ‘midband lipoproteins’. whereas only 7% of those in LIG had ‘midband lipoproteins’ (P < 0.0}). Seventy-three
percent of FH women in HIG had ‘midband lipoproteins’, whereas only 21% of those in LIG had ‘midband lipoproteins’
(P < 0.0005). Fifty-five percent of FH men in M1G was had positive family history for CHD. whereas only 14% of those in L1G
had positive family history for CHD (P < 0.05). Sixty-three percent of FH women in HIG was found to have positive Tamily
history for CHD, whereas only 29% of those in L1G had positive family history for CHD (P < 0.05). Based on these findings, we
propose that, besides age and elevated levels of LDL-C, positive family history for CHD and ‘midband lipoproteins’ are important
determinants for the development of carotid atheroscleresis in FH individuals in Japanese population. © 2002 Elsevier Science
Ireland Lid. All rights reserved.

Kerwords: Familal hypercholesterlemia (FM): Intima-media thickness (IMT): Low densily lipoprotein (LDL) Midband lipoproteins

1. Intreduction tendon xanthomas. The disease is well known 1o be
associated with an increased risk for premature coro-

Familial hypercholesterolemia {FH) is a common nary heart disease (CHD) [1]. It is believed that CHD
inherited disease characterized by elevated Jow density may progress for many years before coronary symp-
lipoprotein (LDL) cholesterc levels in the plasma and toms occur, but little is known about the clinically

silent phase of disease development.
Recently, B-mode ultrasound is increasingly used in

* Corresponding author. Tel: + §1-4%-200.717155257: fax: 4 §)- epidemiological and ch.mcal reseafch {0 |1011~1_nvasl\fely
43.226-2005. study the atherosclerotic process in the carotid artery.
Eneiil cdelress: hbujepinimed02.m.chibi-w.acjp (H. Bujo). It is assumed that the atherosclerotic changes in the

0021-9150/02/% - see Iront matter & 2002 Elsevier Science Jreland Lid. All vights reserved.
P11 S0021-9150(01)00577-9
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carotid artery mirror general atherosclerosis. and ul-
trasound measwrements of the thickness of the in-
tima-media complex in the cirotid artery are purtly
used as swrogate variables for coronary atherosclero-
sis [2.3]. An increased thickness of the intima-media
complex in the common carotid artery has previously
been reported in FH individuals. compared with a
sex- and age-matched control group [4]. Hawever, the
degree of the development of atherosclerosis seems to
differ widely by individuals with FH, indicating that
other factors than plasma LDL-cholesterol (LDL-C)
level und age would contribute greatly to the develop-
ment of CHD in FH.

Several studies have suggested that ‘midband lipo-
protein” in the plasma detected by PAGE was closely
associated  with  the development of corcnary
atherosclerosis [5-8]. We previously reported that in
FH subjects with CHD, which was coronary angio-
graphically assessed, the prevalence of positive for
‘midband lipoprotein’ was significantly higher, com-
pared 1o those without CHD, when maiched for TC,
TG. HDL-C and Lp(a) [5).

In this study we compared intima-media thickness
(IMT) in the common carolid artery in FH subjects
with that in age-maiched non FH type 1la hypelipi-
demic subjecis, by broken down gender and then in-
vestigated other factors than age and plasma LDL-C,
which might be responsible for the development of
carotid atherosclerosis. by measuring IMT in the
common caretid artery with B-mode ultrasound in
FFH subjects in Japan.

2. Methods
2.1, Study groups

Thirty-four men and 63 women with heterozygous
FH from Chiba University Hospital, Chiba, Japan,
were involved in 1his study.

Subjects were diagnosed as heterozygous FH [9]
following the eriteria: {1) type 1T hyperlipidenia > 6.7
mmolfl cholesterol with tendon xanthomas, (2) lype
11 hyperlipidemia > 6.7 mmol/l cholesterol and the
presence  of the subjects with type 11 hyper-
lipidemia > 6.7 mmol/l cholesterol with tendon xan-
thomas m the proband’s first- or second-degrze rela-
tives, or (3) type I hyperlipidemia > 6.7 mmol/l
cholesterel and the LDL-receptor activity of ihe
proband’s fibréblusts lower than that of a normal
control. Although these criteria are less stringent
than those in the Western countries [10]. they are
believed to be adequate for diagnosing hetero-
zygous FH in the lapanese population because of
the lower plasma cholesterol levels due to the tradi-
tional  Japanese low-lat diet [11]. The average

age of the FH patients was 504 15 years ofd for men
and 57+ 12 years old for women. The average levels
of plisma total and LDL-C were 353 4+ 47 mg/d] and
283447 mefdl for men. and 377454 mg/dl and
304457 me/dl for  women.  respectively,  Fifty
percent of the 97 subjects in the present study were
found 1o have CHD Dby coronary angiography.
whereas in our previous preliminary data. {requencies
of existence of CHD in 795 FH individual in Chiba
region were 23% for men with average plasma TC
levels of 330+ 62 mg/dl and 13% for women wilh
average plasma TC levels of 325+ 67 mg/dl. Hyper-
lipidemic subjects other than FH were defined as
‘contral’ in the present study. However, type 1 or V
hyperlipidemic subjects were excluded from this study.
Subjects with uncontrolled diabetes mellitus  with
HbAlc greater than 7.0%, those with endocrinological
disorders or kidney disease were excluded from this
study.

2.2 Family history

Family history data were obtained from the chart
of the parents with FH. The presence of CHD was
based on hospital or physician reports of one or
more of the following events: sudden cardiac death.
typical exercise-induced angina pectoris, myocardial
infarction, coronary artery bypass surgery. percuta-
neous transluminal coronary angiography.

2.3, Blood pressure

Resting blood pressure was measured phonographi-
cally in the right arm after about 30 min of supine
rest at the time of the ultrasound examination,

2.4. Smoking

Information on smoking habits was obtained by a
self-administered questionnaire,

2.5, Bivchenical unalysiy

Blood samples for measuring cholesterol and
trighyceride (TG) levels in the plasma and lipoproteins
fractions were drawn alter o fasting period of 10-12
h. Cholesterol and triglycerides levels were determined
by wsing fully enzymatic techniques. High density
hpoprotein (HDL) cholesterol was determined after
precipitation of apo B-containing lipoproteins with
manganese chloride and heparin. LDL cholesterol was
calculated as described by Friedewald et al. [12).
‘Midband lipoproteins™ were detected by polyacry-
lamide gel electrophoresis (PAGE) previously reporied

(13].
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2.6, Measurement of intive-media thickness of the
conmon carotid artery

Examination of IMT wuas carried out with an ultra-
sound scanner {SSD-1200CV, ALOKA) equipped with
a linear 7.5-MHz transducer. IMT was defined as the
distance from the leading edge of the lTumen-intima
interface to the leading edge of the media-adventitia
interface of the far wall. The measurement of IMT in
the common carotid artery was made along a 10-mm
Jong section just proximal to the carotid bulb [14]. And
average IMT {avgIMT) was calculated from right and
left IMT of common carotid arteries.

2.7 Measurement of playue size

This analysis included plaques in the near as well as
far walls of the common carotid artery. the carotid
bulb, and the internal carotid artery. A plaque was
defined as a distinet area with an IMT more than 50%
thicker than neighboring sites [15].

2.8. Statistical analysis
Stat View-J 4.11 software was used for all statistical

analysis. Data were expressed as means+ S.D. The
significance of differences between the groups was de-

termined using the z7-test. Data were compared with
the control using the Dunnett 1est. A difference with g
P-value < 0.05 was considered to be  statistically
signihcant,

3. Results

Backaground, Tipid and lipoprotein profiles of the
heterozygous FH and non FH type 11a hyperlipidemic
subjects ( = control) involved in the study of Fig. | are
shown in Table 1. Average age and body mass index
(BM1} of FH men did not significantly differ from that
of control men, while avglMT as well as LDL-C level
was significantly higher in FH men than those in con-
trol men (Table 1(a}). Similar associations to men were
observed in women subjects (Table 1(b)).

To determine how age affects IMT in FH and non
FH for both genders. we investisated the correlation
between age and avgIMT in those subjects Fig. 1. In
both FH and control men, age showed a positive
correlation with avglMT (Fig. 1{a)). In both FH and
control women, age correlated positively with avglMT
and the values of avglMT increased rapidly with age,
especially over 50 years old, which did not apply 1o
men (Fig. 1(a)-(c)). In both genders, the age-dependent
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Fig. ). Corrclation between age and average Intima-Media Thickness {ovg IMT) in subjects with familial hypercholesierolemia and these with 1ype
Ua hyperlipidemia. Scatler plot of relstion between age wnd average wull thickness in 1he carotid artery in subjects with Familial hypercholes-
terolemict {#) and non FH type M hypertipidemia {O) for men ta) for women aged undesfover 50 years old (b, ¢).

Table 1
Backgrosmd and lipid profile of subjects (values iwre given as mean + S.D.)

Men Women

FH (=34} Control (1a) (n= 50 1-1e51 FH (n=63} Control (Ha) (v =82) 1181
Agpe (yeurs) 0415 53415 ns 56410 948 s
BMI (kg/m?) 231422 243412 ns 21,7429 23+28 ns
TC (mg/d!) 353+47 264 + 3) P<0,000) 77454 259 4+ 33 FP<.0001
LDL-C {mg/dl) 283+ 47 192 + 25 P <0.000) 304 + 57 IO8 + 37 P <01
HDL-C {mgjd)) 44+ 8 47+ 16 ns 9+ 15 5+t nx
TG (mg/diy 147 + 108 120+ 22 ns 125 £ 65 138+ 64 ns
Lp ta) (mg/fdl) 254+ 40 4 38 ns 53436 4] 4+ 33 ns
Smoke 13734 1750 ns (77-1es1) 0763 242 ns {7 est)
Hypertension 5134 9750 ns {z-lest) 663 15482 ns (z°-1est)
Averape ITMT (mm) FISE027 0.74+009 P<(h000) .93 4+ (131 GL.7t+ 016 P <0.008
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Table 2

Buckground and lipid profile in FH subjects with high intima-media thickness and with normial thickness

Men

Women (postmenoposal)

HIG (= 20)

NIG (n= 1) t-test

HIG (nr=3) NIG (n=24) 1-1es1

Age [yenrs) 2112 S0+ 18 ns 619 5848 ns

BMI (kg/m?) 235424 226+ 1.6 ns 223424 .54 2.6 ns

TC (mgdl) 3M3+31 6T+ 54 ns 3854 55 386+ 55 ns

LDL-C {mpidl) 270436 2974 34 ns 324460 Al 459 ns

HDL-C (mpg/d) 4148 4946 P<0.005 454 16 48+ 16 ns

TG (mg/dl) 159 4+ 98§ 106+ 47 P<0.05 141 + 72 134 £+ 60 ns

Lp G tmefdl) 31 +3 1646 ns 594 37 40 4+ 22 ns
ApoEphenoetype

33 n=14 n=9 ns (z>-1es1) n=22 n=18 ns {7 -lest)
174 n=6 n=4 ns {y -tes1) n=_8 n=>5 ns {(y>-1es)
44 n=0 =1 ns (z7-1est) n=0 e ns (z -lest)
Smoke . 821 5/14 ns (y*-les) 0730 0/24 ns {7 -test)
Hyperension 3120 2f14 ns (y3-1est) 4411} 2/24 ns (7 -lest)
Average IMT (mm) 1174015 0.80+0.12 P<0.00] 1.10+£0.25 0.74 £ 0.07 P<0.001

Values are given s mean £ 5.D. HIG, high intima-media thickness group: NIG, normal intima-media thickness group.

progressions of IMT were obviously increased in FH
compared to those in control subjects, suggesting the
importance of higher LDL-C levels and genetic back-
grounds in FH for the progression of IMT in any ages.
Thus, age is a more important determinant of IMT in
the common carotid artery for FH individuals, com-
pared to control subjects.

In order to know the other potential risk factors of
the progression of IMT in FH in addition to LDL-C
and age, we then divided FH subjects to two sub-
groups, namely high IMT group (HIG) and low IMT
group {L1G), based on the degree of the thickness of
intima-media complex in the carotid arteries Table 2,
For wemen, individuals with FH were limited 1o post-
menoposal state at this time. These two subgroups were
maiched for age and LDL-C level to assess additional
factors responsible for the development of carotid ar-
teries thickness. The avg IMTs in HIG and in L1G were
1.17%0.15 and 0.70 £ 0.12 mm for FH men, respec-
tively, 1.10 4+ .25 and 0.61 £ 0.07 mm for postmeno-
posal FH women, respectively. Table 3 shows the
frequency of having angiographically documented
CHD in FH patients in HIG or L1G for both genders.
Fifty percent of FH men in HIG was found to have
CHD, whereas only 14% of those in LIG had CHD

Table 3

(P < 0.05). Thirty-three percent of FH women in HIG
was found to have CHD, whereas only 12% of those in
L1G had CHD (P < (.05). These results explained that
the atherosclerotic changes in the carotid artery mirror
general  atherosclerosis, especially for coronary
atherosclerosis. Frequencies of existence of plaque Je-
sions in carotid artery in HIG were significantly higher
than those in L1G for FH men (85 vs 43%, P <0.01),
whereas those were almost same for FH women (53 vs.
50%, ns). The meun plague score in ndividuals who
had plaque lesions in carotid artery was significantly
bigger in HIG for FH men (7.2 4+ 3.5 vs. 3.1 £ 1.8 mm,
P <0.05), and at the score, that was also significanuly
bigger in HIG for women (5.8 + 4.2 vs. 2.8 4+ 2.3 mm,
F < 0.05). Table 4 shows potential risk laclors for 1he
development of IMT in the common carotid arlery
using the analyses of two above groups. Fifty percent of
FH men in HIG was found to have ‘midband lipo-
proteins’ in the plasma detected by PAGE. whereas
only 7% of those in LIG had ‘midband lipoproteins’
(P <0.01). Seventy-three percent of FH women in HIG
was Tound 1o have ‘midband lipoproteins’, whereas
only 21% of those in LIG had ‘midband lipoproteins’
(P <0.0005). We also analyzed the frequency of posi-
tive family history for CHD for both genders. Fifty-five

Comparison for frequency of corenary heart disease. [requency of plaque formation and average plique score in carotid anery

Men

Women (postmenoposil}

HIG (n=30) LIG (n=14) r-1es1

H1G (v =30 LIG (= 24) I=tesl

CHD 10 (50% 2 (14%) P<(.05 (z’-lcs;) 10 (33%) 3 P<0.05 ( -es1)
Plaque formation 17 (85} G (43% P<00] (z7test) 16 {53%) 12 (5074 ns (y°-test)
Plaque score {mm) 12435=17) 31218 (n=0) P<0.05 58442 (w=16) 28+33(n=12y P<005
Averuge IMT (mnn) 117405 0804012 FP<0.00] 1.10 +£0.25 0.74 £0.07 P<0.00]

Values are given as mean £ $.D. HIG. high intima-media ihickness group: L1G. low intima-media thickness proup,
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percent of FH men in HIG was found 1o have positive
family history for CHD. whereas only 14% of those in
LIG had positive family history for CHD (P < 0.05).
Sixty-three percent of FH women in HI1G was found 1o
have positive family history for CHD. whereas only
29% of those in LIG had positive family history for
CHD (P < 0.05).

Moreover, in the opposite direction, we divided those
subjects, FH men and postmenoposal FH women. into
two subgroups. one had subjects with ‘midband lipo-
protein’ detected by PAGE and the other had those
without (Table 5). In subjects with ‘midband lipo-
protein® HDL-C levels were significantly lower than
those in subjects without for both FH men and post-
menoposal FH women. And in subjects with ‘midband
lipoprotein™ avg IMTs were significantly higher than
those in subjects without for both FH men and post-

Tuble 4

meneposal FH women. despite no differences of age
and LDL-C levels for those subgroups (Fig. 2).

4. Discussion

The mam findings of the present study in FH subjects
were as follows: (1) age is positively associated with the
deveiopment of IMT in the common carotid arteries in
for both genders: (2) IMT progresses more rapidly with
age in FH compared to that in non FH. (3) *Midband
lipoprotein™ and positive family history of CHD are
important determinants for the development of IMT in
the carotid artery in FH individuals for both genders,
m addition 1o the level of LDL-C and age.

Wendelhag et al. [16] have reported that in FH men
and women combined, age has been closely associaled

Onher risk Iactors for intima-media thickness of carotid avtery in FH men or posimencposal women

Men Women (postmenoposal)
HIG (1 =20) LIG (n=14) 7°-test HIG (n=230) LIG (1= 24} ¥ -lest
Midband lormation 10 (50%) 1 (7%) P<0.01 22 (73%) 5 (21%} P<0.0005
Family history of CHD 1) (55%) 2 (14 P<0.05 19 (63%) 7 (29%) P<0.05
HIG. high intima-mediu thickness group: L1G. low intima-media thickness group.
Table 5
Intima-media thickness in FH subjects with “midband lipopreteins’ and in those without {values ure given as mean +5.D.)
Men Women
Midband {4} Midband (=) 11681 Midband [+) Midbund (=) 1-lest
(n=10) (n=17) {n=23 {(n=21)
Age (years) 53+13 51+ 15 ns 6249 60+ 7 ns
BMI (kg/m?) 236429 2294 1.8 1y 2NM6+33 15422 ns
TC (mpfdi) 37223 3651 56 ns 389 £ 55 267+ 46 ns
LDL-C tmg/dl} 265125 294 + 54 ns 36458 287+ 42 ns
HDL-C {my/di} 39+6 48+ 7 P <0001 44 £ 15 564 14 P00
TG (mg/dl} 165 + 108 135+ 54 ns (P =10.05) 145+ §9 122 4+ 46 ns
Lp ta) (mg/dl) 364 34 16+ 6 ns 59422 B+ ns
1.51 1.54
B E
E 11 E 1.
b= e
= =
e 5
" 054 ® 054
0 . . 0
micband =} — midband - —_

Fig. 2. Comparisen of wverage IMTs in the subjects with or withoul ‘midband lipapreteins” in FH. (a) men, (1) women.
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with IMT in the common carolid artery. Iis the presemt
study. we conducted all investigations in men and
women separattely. and this association was observed
both in FIH men and women separately. Several groups
ol authors have suggested that heterozygous FH indi-
viduals had already higher degree of IMT or higher
frequency of presence of atheromatous lesions in the
carotid arteries than age-matched control individuals
had {17.18]. Previous substantial evidence shows that in
FH female gender is a strong protective factor [19.20].
In the present study. the progressions of IMT were not
much different between subjects with FH and conirol
women under 50 years old. which were almost jre-
menoposal state, compared 16 men and women over 50
years old.

It has been suggested that ‘midband lipoprotein’ in
the plasma detected by PAGE was closely associated
with the development of coronary atherosclerosis [5~8).
Indeed, we previously reporied that in FH subjects with
CHD., which wus coronary angiographically assessed,
the prevalence of positive for ‘midband lipoprotein” was
significantly higher compared to those without CHD.
when matched for TC, TG, HDL-C and Lpta) [5].
Yanagi et al. [6] have reported that in FH subjects
abnormal glucose metabolism accelerate the develop-
ment of CHD due 1o an increase in ‘midband lipo-
protein” as well as LDL-C. Moreover Kawane et al. [7]
have demonstrated in vitro that a fraction of *midband
lipopretein’ promoted the formation of foam cells from
J774 macrophages much more drastically than native
LDL. In the present study we revealed that ‘midband
lipoprotein” was an important risk factor for IMT in
the carotid artery in FH individuals.

Other possible factors potentially contributing 1o the
development of 1he carotid artery thickness are im-
paired glucose 1olerance, high blood pressure and
smoking. In this study. the distribution of such factors
did not significantly differ in the HIG and NIG in the
present study, probably suggesting the polential risk is
lower than those of factors determined in this study.
However, lurther detailed analysis is needed to deter-
mine the potential of determinants for the progression
of carotid athersclerosis in FH.

On the basis of this work. we propose that having
family history of CHD and ‘midband lipoproteins’ in
the plasma, besides nge. sex, and plasma LDL-C levels,
are important determinants of the carotid arteries
thickness, Several papers [2,3] suggest that the assess-
ment of IMT is an important predicior for the develop-
mem of CHD in FH subjects. It appears 1o be essentral
10 conduct IMT evaluation by B-mode ulirasound in
the carotid arteries, especially for FH individuals with
positive family histery for CHD and/for ‘midband lipo-
proteins’ in the plasma.

Acknowledgements

These studies were supporled by grants from the
Jupanese Minstry of Education. Science, and Culture
to Y.S, and H.B.

Relerences

[1} Goldstein JL. Brown MS. Familial hypercholesterolemin, In:
Stunsbury JB. Wyngaarden 1B, Fredrickson DS, Goldstein JL.
Brown MS, editors. The Metabolic Busis of Inherited Disease,
Sth ed. New York, NY: McGraw-Hill Book Co. Inc. 1983:672-
712,

[2] Grobbee DE. Bots ML. Carotid artery intima-media thickness as

an indicator  of  generalized aiherosclerosis. ) Int Med

1994:236:567-73.

Wofford IL, Kahl FR, Howard GR. McKinney WM, Toole JF,

Crouse JR Jr. Relation ol extent of extracrinial carotid ariery

atherosclerosis as measured by B-mode ultrasound 1o the extent

of corenary atherosclerosis. Arterioscler Thromb 1991:11:1786-

94.

Wendelhug 1, Wiklund O. Wikstrand J. Arterial wall thickness in

fumilial hypercholesterolemin: ultrasound measurement of in-

tma-media thickness in the common carotid artery. Arterioscler

Thromb 1992:12:70-7.

[5) Tashire J, Nishide T, Shinomiya M. Shirai K. Saito Y. Yoshida
S. et al. The midband lipoprotein is a coronury risk lactor in
Japanese patienis with fumilial byperchelesterolemia. Scan J Clin
Lav Invest 1993:53:335-8.

[6) Yanagi K. Yamashita 8. Kihara S, Nokamura T, Nozaki S,
Nagai Y, et al. Chavacterization of coremury urtery disense and
lipoprotein abnormalities in patients with heterozygous familial
hypercholesterolemia associated with diabetes mellitus or im-
paired glucose tolerance, Atherosclerosis 1997:132:43-51.

[7] Kawano M, Shinomiya M, Kanzaki T. Morisaki K. Shirai I,

Seito Y. et al. Slow beti-migraiing hpoprotein: an atherogenic

subclass of Jow density lipoproteins. Clin Biochemi 1996;29;241 -

8.

Kawano M. Shinomiya M., kanzaki T, Mornsaki N, Shirai K.

Salto Y. et al. An atherogenic midband Bpoprotein: a risk factor

Tor ceronary artery disense in diubetes mellitus with hyperlipi-

demit. Dinbetes Res Clin Pruct 1998:41:45-8.

[9) Tarus 5. In: The annuat report of the Rescarch Group lor
Primary Hyperlipidemia [in Jaupanesc]. Ministry of Health and
Welfure of Japan: 1986:11-20,

{H)] Sun X-M, Webb JC. Gudnason V. Humphries S. Seed M.
Thompsan GR. et al. Charucterization of deletions in the LDL
receptor gene I patients with Tamiliad hyperchiolesierolemia in
the United Kingdom. Artertoscler Thromb 1992:12:762-70.

[11] Mabuchi H. Hada T. Uedn K. Ueda R. Tatami R, lo S, et al.
Serum fipids and coronary heart discase in heterozypous familial
hypercholesterolemia in the  Hokuriku  district of  Jupan.
Alheroselerosis 1977:28:417-23.

[12} Fricdewald WT. Levy RI. Fredrickson D. Estimation of the
concentration of low-density lipepratein cholesterol in plasmi.
without use of the preparative ubtracentrifuge, Clin Chem
1972:18:499- 502,

[13) Naroyan KA. Narayan S, Kummerou FA, Disk clectrophoresis
of human serum lipoproteins. Nature 19652052468,

[14) Wendelhag 1. Gustavasson T, Suurkula M, Berglund G, Wik-
strand Jo Ulrssound micasurement o wall thickness in the
carotid artery: Fondamental prineiples and deseription of u com-
puterized analyzing system. Chin Physiol 19911 1:565- 77,

3

—

|4

I

=

- 207 —



K. Tdtiva et al. { Atheraselerasis 100 (2002) 391 - 3497 197

{15 Salonen R, Seppunen K. Ravramaa R, Sadonen JT. Prevadence
of carotid atherosclerosis and serum cholesterol levels in castern
Finland. Arteriosclerosis 1988:15:788 - 92,

[16] Wendelhag L Wiklund Q. Wikstrand 1. Atherosclerosis changes {1y
in the femoral and carotid arteries in familind hypercholes-
lerolemin. Arterioscler Thromb 1993:)3:1404. 11,

[17} Tonstad §, Joakimsen Q. Stenslind-Bugee E. Leren TP, Ose L.

Rassell Dn et al, Risk faciors refated la caretid intima-media
thickness and plagque in children with fomiliad  hypercholes-
terolemia and control subjects. Arterioscler Thromb Vase Biol [20
19%6:16:984-91. '

(18] Spengel FA. Koess B. Keller C. Schreiber M. Schuster H,

—

— 208 —

Zollney N Atherosclerosis of the crosid arieries in young
paticnts  with - familial - hyperlipidemin. - Klin - Wochensehy
I9RE:6602):65-8.

Furberg CD. Adums HP Ji. Applegate W, Byingion RP,
Espeland MA. Hartwell T. Hunninghake DB. Lelowiz DS,
Probstficld I Riley WA, ¢t al. Elfect of fovastatin on early
carotid atherasclerosis and cardiovasculur events, Asymplomatic
Carotid Artery Progression Study {ACAPS) Research Group.
Circulation 1984:90:1674- §7.

Crose IR )y, Byington RP, Bond MG. Espelsnd MA. Craven
TE. Sprinkle JW. et al. Pravastatin. lipids. and stherosclerosis in
the caretid arteries (PLAC-). Am ) Curdiol 1993:75(7):455-9,



Increased Circulating Malondialdehyde-Modified LDL
Levels in Patients With Coronary Artery Diseases and Their
Association With Peak Sizes of LDL Particles

Kosei Tanaga, Hideaki Bujo, Masahiro Inoue, Keiji Mikami, Kazuo Kotani, Kazuo Takahashi,
Takashi Kanno, Yasushi Saito

Abstract—Recent establishment of a sensitive ELISA system using antibodies against malondialdchyde-modified low
density lipoprotein (MDA-LDL} made it possible to determine the circulating oxidized lipoprotein Jevels. Here, we
investigated the serum levels of MDA-LDL in 62 patients with coronary artery discase (CAD) compared with the levels
in 42 patients without CAD [groups CAD(+) and CAD(~), respectively], which are adjusted for age, serum total
cholesterol, LDL and high density lipoprotein cholesterol, and triglyceride levels. Serum MDA-LDL levels were
113.4%+49.1 JU/L in CAD(+), which were significantly higher than the levels in CAD(—) (85.2+22.5 IU/L, P<0.0005).
The ratio of MDA-LDL/LDL cholesterol was 0.95+0.32 in CAD(+), indicating a significant increase compared with
the ratio in CAD(-) (0.68+0.19, P<0.0005). The positive correlation of MDA-LDL level and the ratio of
MDA-LDL/LDL cholesterol with intima-media thickness in carotid arteries was observed. Age was not clearly
associated with the MDA-LDL level (P=0.865). The scrum MDA lcvel was positively correlated with LDL cholesterol
(P<0.0001) and with triglycerides (P<<0.001) and negatively correlated with high density lipoprotein cholesterol
(P<0.05). Furthermore, the MDA-LDL level was negatively corrclated with the peak size of the LDL particle (P<<0.01).
The LDL subclasses that were identified by using the sera collected from the subjects by sequential ultracentrifugation
showed that the ratios of MDA-LDL/apolipoprotein B in LDL3 and LDL4 were nearly 3-fold higher than those in LDL1
and LDL2Z for CAD(+) and CAD(—). These results indicate that the circulating MDA-LDL leve] is increased in
CAD(+), independent of the serum LDL cholesterol level but in association with the peak size of LDL particles. The
measurcment of serum MDA-LDL level may be useful for the identification of patients with advanced atherosclerosis.
(Arterioscler Thromb Vasc Biol. 2002;22:662-666.)

Key Words: malondialdehyde-modified LDL = coronary artery discase m ELISA m atherosclerosis

xidized LDLs, as modified LDLs, are thought 10 play
key roles in the progression of atherosclerosis (see
reviews'-3). The modification of LDL by oxidation aliers its
native properties: oxidized LDL becomes incorporated into
macrophages by scavenger receptors® and modulates the gene
expression involved in the cellular function of endothelial
cells and smooth muscle cells in the vesse] walls.>-8 Increas-
ing evidence of atherosclerosis as an inflammatory discase
raised the possibility of detection of circulating markers in the
serum: increased levels of C-reactive protein and of cyto-
kines, such as interleukins.®1¢ In this context, the delection
and quantification of circulating oxidized LDL might reflect
the severily and phases of atherosclerosis,
Until now, some new methods 10 measure the levels of
circulating oxidized LDL have been established, and their
clinical relevance has been suggested by use of the detection

sysiem for some parts of oxidized LDL.}1-14 The ELISA
method for measurements of serum oxidized and malondial-
dehyde (MDA)-modified LDL (MDA-LDL) has been sug-
gested as being useful for the identification of patients with
acule coronary syndrome,’*-17 Toshima et al's have suggested
that the sensitivity of oxidized LDL, which does not include
MDA-LDL, is a betier biochemica) risk marker for coronary
artery disease (CADY).'? Furthermore, the circulating oxidized
LDL has been proven 1o exist in macrophages in human
atheroma.!* We have recently reported a sensitive method to
measure circulating MDA-LDL," and we have revealed that
its level is increased in patients with diabetes or hypertriglyc-
ericemia.”® The MDA-LDL level was highly correlatcd with
the particle size of LDLs in their sera.’8 In the present study,
therefore, we measured the serum levels of MDA-LDL in the
paticnis with CAD [CAD(+)] and compared these levels with
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the levels in the paticnts without CAD [CAD{-)]; adjust-
ments were made for age and for serum total cholesierol
(TC}, LDL cholesterol (LDL-C), HDL cholesterol (HDL-C),
and triglyceride (TG) levels, We clearly found an incrcased
serum Jevel of MDA-LDL in CAD{+), and thc levcl was
positively correlated with the intima-media thickness (IMT)
of the carolid arieries. Furthermore, the circulating level was
negatively correlated with the peak size of LDL particles, and
increased levels were observed in the LDL subfractions with
incrcased densitics, which are known to be a risk for coronary
atherosclerosis.’® Thus, the circulating MDA-LDL level is
likely associaled with advanced atherosclerosis, possibly
related to the peak size of LDL particles.

Methods

Subjects .

The present study included 62 patients with angiographically proven
CAD [CAD(+)] and 42 hecalthy control subjects [CAD{—}]. Angio-
grams of CAD({+) showed at least 50% stenosis of 1, 2, or 3
coronary aricries. A total of 42 healthy volunicers maiched for age
and TC, LDL-C, and HDL-C levels served as CAD(-), ic, the
contrel group. Among the CAD(-) group, none had diabeics
meliitus or thyreid or endocrinological discases. The CAD(—) group
had no clinical evidence of CAD and an absence of significant
atherosclerotic lesions, which was confirmed by ulirasound scanning
of carotid arteries, as previously described {IMT <1.0 mm).2¢ The
frequency of smoking was nol significantly different between 2
groups.

Measurement of IMT of the Common

Carotid Artery

Examination of IMT was carried out with en ultrasound scanner
(S8D-1200CV, Aloka)} equipped with a ¥incar 7.5-MHz transducer.
IMT wus defined as the disiance from the leading edge of the
lumen-intima interface 1o the leading edge of the media-adventitia
interface of the far wall. The measurement of IMT in the common
carolid artery was made along a 10-mm-long section just proximal 10
the carotid bulb.20 Average IMT was calculated from right and left
IMTs of the common carotid arteries.

Measurement of MDA-LDL

The ELISA mecthod used was based on the same principles as
previous reporied by Kotani et al.?! Serum samples were drawn after
an overnight fast, used within 4 days afier the serum was scparated
by centrifugation, and stored a1 4°C. Samples were diluted 2000-Told
in a dilution buffer containing SDS. Duplicate 100-pl. portions of
diluted sample were then added 1o the wells of the plates, which were
coated with monoclonal antibody against MDA-LDL (ML25).1}
ML25 has previously been shown 10 recognize MDA residue but has
not been shown 10 be specific for MDA-LDL."? The reaction was
allowed to siand for 2 hours at room temperature, and the plates were
then washed. fB-Galaclosidase~conjugated monoclonal antibody
against apoB (AB16} was then added. The combination of ML25
with AB16 has been shown to recognize MDA-LDL., LDL oxidized
by Cu’* has been shown 1o be detectable with this ELISA method.!!
Again, the rcaction was allowed 1o stand for 1 hour at room
temperature, and the plales were then washed. One hundred micro-
liters of 10 mmol/L o-nirophenyl-galactopyranoside as substrate
was pipclied into the wells, Afler 2 hours, the reaction was slopped
by adding 100 pl of 0.2 molL sodium carbonate (pH 12).
Abscrbance in the wells was determined a1 415 nm with an MPR-4A
microplate reader {Tosoh). Primary standard was used with prepar-
ative MDA-LDL, in which 15% of the total amino groups were
modified. We tentatively defined 1 U/L MDA-LDL as the absor-
bance obtained with the primary standard at a concentration of 1
mg/L. A calibration curve was prepared by diluting a reference
serum as a sccondary standard from 300- 10 9600-fold with a dilution

Increcased Circulating MDA-LDL and CAD 663

buffer and ealeutating the amount of MDA-LDL in thc samples.
Relerence sera were prepared from pooled sera from healihy
volunteers,

Measurement of LDL Size

The diameter of the LDL in the major LDL peak was cstimated by
usc of nondenaturing polyacrylamide gradiem gel clectrophoresis
with a2 modified version of the technique described by Krauss and
Burke.2! Briefly, 5 wL of serum from cach subject was diluted 2-{old
with 400 p/L sucrose and cleetrophoresed for 24 hours at 10°C on
2% 10 15% polyacrytamide gradient gels with buffer containing
90 mmol/L. Tris, 80 mmol/L boric acid, and 3 mmoel/L. EDTA (pH
8.3). The gels were stainced with oil red O. The lanc containing the
calibrators was stained with Coomassie blue-R250, and a calibration
curve was constructed on the basis of the migration distance of 5
markers with known diameters as follows: ferritin (12.2 nm),
thyroglobutin (17.0 nm), thyroglobulin dimer (23.6 nm, Pharmacia),
and prolcin-coated gold partictes (21.]1 and 292 nm). A control
serum was run as a reference on each gel. The locations of individual
bands were compared with the control serum when each was scanned
The predominant LDL size in each sample lanc was calculaled from
the equation given below after the migration distance of major LDL
peak was measured. Each gel lane was scanned with a densilometer
interfaced with a PC computer. Control serum was drawn from 1
healthy volunteer and combined with 100 g/L. sucrose, 37.5 mmol/L
NaCl, and 0.25 mmol/L. EDTA. This was divided into aliquols and
siored at —80°C,

Lipid Analysis and Ultracentrifugation

of Lipoproteins

TC, HDL-C, and TG levcls were measured by enzymatic methods.
ApoB concentration was determined by using commercially avail-
able immunoturbidimeiric assay kits (Daiichi Pure Chemicals).
LDL-C levels were calculated by the Friedewald formula: LDL-
C=TC-HDL-C~(TG/3). LDL and its subspccies were isolaled by
sequential uliracemrifugation from human serum. The isolation
techniques have been deseribed previously.’® The lipoproteins in the
1.022<d<1.032, 1.032<d<1.038, 1.038<d<1.050, and
1.050<d=<1.063 kg/L fractions (where d indicales density) were
defined as LDL1, LDL2, LDL3, and LDLA4, respectively,

Statistical Analysis

Data are presented as mean*SD. The Stadent 1 test was used when
means were compared. Simple regression was performed to study the
association. A value of P<<0.05 was considercd statistically
significant.

Results
Clinical and lipid profiles of CAD{+) in the present study are
shown in the Table. The serum MDA-LDL Jevels in these 62
subjects were compared with the 42 control CAD{~), whose
age, TC, LDL-C, HDL-C, and TG levels were adjusicd to
those of CAD(+). The lipid levels in males and ferales were
not significantly different between CAD(+) and CAD(-).
Serum MDA-LDL levels were 113.4£49,1 JU/L in CAD{+)
and 8522225 IU/L in CAD(-) (Figure 1). There were
statistically significant differences between CAD(+) and
CAD{~) in circulating MDA-LDL levels (P<0.0005). Then,
we compared Lhe ratio of MDA-LDL/LDL-C in both groups.
Figure 1D shows that the ratios of MDA-LDL/LDL-C wcre
0.95%0.32 in CAD(+) and 0.68%0.19 in CAD(-), indicat-
ing a significam difference between CAD(+) and CAD(—)
(P<0.0005). We next compared the MDA-LDL levels or the
ratios of MDA-LDL/LDL-C between CAD(+) and CAD(-)
in males and females. As shown in Figure 1B, 1C, 1E, and 1F,
the MDA-LDL levels and the ratios of MDA-LDL/LDL-C
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Clinical and Lipid Profiles of the Subjects in Study

CAD{+) CAD(=} P

Totat

n 62 42

Sex (maleffemate), n 41721 21

Age, vy 67.5x89 65.9=6.5 NS

BMI, kg/m? 24.1x3.0 234x30 NS

TC, mofdL 202.4=36.5 208.6+23.4 NS

LDL-C, mg/dL 1217338 1264212 NS

TGs, mg/dl 138.6=63.4 1421043 NS

HOL-C, mg/dL 541119 59.8+16.3 NS
Mzle

n 41 21

Age, ¥ 65.59+89 67.3+63 NS

BMI, kg/m? 247+30 24129 NS

TC, ma/dL 200.4+25.9 206.5x225 NS

LDL-C, mg/dL 120.0x22.0 1288218 NS

TGs, mg/dL 130.0=68.4 150.5+106.5 NS

HDL-C, mo/dL 50.7+96 55.9+145 NS
Female

n 21 27

Age, y 71.4=756 68.5x5.3 NS

BMI, kg/m? 23.0x27 227x28 NS

1C, mg/dL 206.2+50.7 210.7x24.1 NS

LDL-C, mg/dL 124.8x48.7 124.0+20.2 NS

TGs, mafdl 116.4>43.9 133.6=80.1 NS

HDL-C, mg/dL 60.9+12.6 63.7x17.0 NS

BMI indicates body mass index. Quaniitative data represent mean=SD.

were significanily higher in CAD(+) compared with
CAD(—} in males and females.

We next analyzed the IMT of carotid areries in all subjects
10 determine the clinical significance of the increased circu-
lating MDA-LDL levels in CAD(+). Figure 2A shows that
the MDA-LDL levels are significantly positively comrelated
wilh IMT (P<0.0001). Furthermere, the ratio of MDA-LDL/
LDL-C was significantly positively correlated with IMT
(P<<0.0001). These results together with the above results in
Figure 1 indicate that circulating MDA-LDL levels are
increased in the subjects with advanced atherosclerosis.

Figure 3 shows the correlation of serum MDA-LDL levels
with age (pancl A), LDL-C (panel B), HDL-C (panel C), and
TGs (panel D). Age did not show a clear relationship with the
MDA-LDL level (P=0865, Figure 2A). LDL-C was posi-
tively comrelated with the MDA-LDL Jevel (P<0.0001). On
the other hand, HDL-C was inversely correlated with MDA-
LDL (P<0.05). The plasma TG level was positively corre-
lated with MDA-LDL (P<0.001). These results indicate that
the circulating MDA-LDL levels are associated with the TG
and HDL-C levels as well as with the LDL-C levels.

We next assessed the relationship between the LDIL particle
size and serum MDA-LDL level by measuring the peak size of
LDL by gradient gel electrophoresis. Figure 4 shows that the
MDA-LDL level is negatively correlated with the LDL size
(P<0.01). Thus, the MDA-LDL level was associaled with the
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Figure 1. Comparison of plasma MDA-LDL levels between
CAD(+) and CAD{-). Bar graph shows the plasma MDA-LDL
levels {A, B, and C) or MDA-LDL/LDL-C ratios (D, E, and F) of
CAD(+) and CAD(-} in al! subjects (A and D), men (B and E),
and women (G and F}, respectively. Data are presented as
mean=8D. ***P<0.0005, *"P<0.001, and "P<0.05.

peak size of LDL in the subjects, probably suggesting its
metabolic relationship with the smaller particle of LDL.

To further address the possibility of an association of the
serum MDA-LDL level and the LDL particle size, we measured
the MDA-LDL levels in the LDL subclasses identified by
ulracentrifugation with the use of sera from all subjects. Figure
5 shows the serum apoB and MDA-LDL levels and the ratios of
MDA-LDL/apoB in the LDL subclasses prepared from
CAD(+) or CAD(—). The apoB and MDA-LDL levels showed
similar distribution in the subfractions between CAD(+) and
CAD(—). ApoB was mos! abundant in LDL2 fractions, followed
by LDL3 fractions in CAD(+) and CAD(~). Nearly 50% of
MDA-LDL was Jocalized in LDL3 fractions in both groups. The
ratios of MDA-LDIL/apoB in LDL3 and LDL4 were increased
nearly 3-fold compared with those in LDL? and LDL2 in both
groups. In CAD(+), the ratios of MDA-LD1/apoB in LDL3 and
LDLA were significantly higher than those in CAD{-). These
resulls indicale that the increased circulating MDA-LDL parti-
cles are localized mostly in the dense LDL fractions.

P<0 0001

P=0.001

0 50 100 150 200 0 05 10 15 20
MDA-LDL (1UA) MDA-LDLADL-C

Figure 2. Correlstion of IMT with serum MDA-LDL leve! {A) or
MDA-LDL/LDL-C {B).
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Figure 3. Correlation of serum MDA-LDL level with age (A),
serum LDL-C (B}, HDL-C (C), or TGs (D).

Discussion

The oxidative modification of LDL is believed to play a key
role in the progression of atherosclerosis (sece reviews'-?),
One of the oxidized forms, MDA-LDL, has been isolated
from the sera of patients with CAD.2! We have recently
established a new sensitive method to measure MDA-LDL in
the serum by using ELISA.'* In the present study, we could
show the increased scrum levels of immunoreactive MDA-
LDL in CAD(+) compared with CAD(—). The ratio of
MDA-LDL and LDL was obviously higher in the CAD(+)
for males and females. Furthermore, the level and ratio were
positively correlated with the progression of IMT in carolid
arleries. These results clarified the clinical significance of
immunoreactive scrum MDA-LDL level as a faclor in asso-
ciation with the progression of atherosclerosis. Next, an
analysis of the relationship between age and scrum lipid
levels showed 2 positive correlation with LDL-C and TGs but
no significant correlation with age. These clear relationships
of MDA-LDL with other lipids suggest a biochemical and
pathological connection with the functional properties of
LDL particics. As a consequence, the MDA-LDL level was
negatively correlated with the peak sizes of LDL particles and
was mostly distributed in the heavier LDL subfractions
separated by ultracentrifugation. Taken together, the circulat-
ing MDA-LDL levels are probably related to the densities of
LDL particles, which are known (o be affected by serum TG
levels as well as LDL-C jevels.’?

Previous experiments using the measurements of cireulat-
ing autoantibodies 10 MDA-LDL have shown the imporance

250
= R=
5 0 e, p:&g:a
=150 2e
Q
= 100 - .

L ]
[m] LJ
= 50 .. ¢ - -
T R e Y

LDL size (nm)

Figure 4, Correlation between the peak size of LDL particles
and serum MDA-LDL leve!.
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Figure 5, Distribution of serum levels of apoB (A) and MDA-LDL,
(B) and the ratio of MDA-LDL/apoB (C) in the LDL subclasses
isolated from CAD(+) (a) or CAD(-) {b). Data are presented as
mean=8D. *P<0.05 vs the same LOL fraction in CAD(-).

of oxidized product, MDA-LDL, in the vessel wall in the
process and regression of atherosclerosis.222% Furthermore, a
posilive association of autoantibodics againgt MDA-LDL
with carotid atherosclerosis has been suggested in a case-
control study.?* Recently, it has become possible to detect
immunoreactive MDA-LDL in the serum.}'-16 Holvoet et al?’
have shown that plasma levels of MDA-LDL were signifi-
cantly higher in paticnts with acute coronary syndromes than
in patients with stable CAD. However, the histological
distribution in atheromatous plaques in humans revealed that
compared with other immunoreactive oxidized LDL, immu-
noreaclive MDA-LDL was not much observed in macro-
phages in the shoulder areas.?5 Thus, the clinical significance
of immunorcactive MDA-LDL in the serum has not been
fully established in association with CAD. To approach this
topic, we measured the serum levels of MDA-LDL in
CAD(+) (all of whom were diagnosed by coronary angiog-
raphy) by using a sensitive ELISA mcthod recently estab-
lished by us. As a result, we found significantly higher
plasma levels of MDA-LDL in CAD(+) compared with
CAD(~) whose levels of LDL-C were adjusted.

Another important finding in the present study is the
relationship between serum levels of MDA-LDL and TGs. So
far, it is known that small dense LDL, in association with an
increased serum TG level, is a risk factor for coronary
atherosclerosis.’® It has been also become clear that the dense
LDL subpopulation is more susceptible to oxidative modifi-
cation and, therefore, may contribute meore 10 foam cell
formation than the large LDL.25%7 Qur results using LDL
subfractions showed the higher concentrations of MDA-LDL
in the densc fractions of molecules. These findings suggest
thal the atherogenic properties of MDA-LDL identified in the
present study are partly caused by the higher production of
modified LDL {rom the dense LDL particles, although the
latter mechanism should be studied in detail. In agreement
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with our rcsults, the incrcased atherogenic nsk associaled
with the pattemn B phenotype has been suggested to result
from increased concentrations of lipoprotein subpopulations
that are rclatively susceptible to oxidative modification.2®
LDL subclass patiern B, characierized by a preponderance of
small densc LDL panicles, is associated with an increased
risk of myocardial infarction, independent of age and sex.'®
The close relationships between the circulating MDA-LDL
and TG levels in addition to the LDL-C Jevel scem indicalive
of common pathways for athcrogenic oxidized lipoproleins
derived from TG-rich lipoproteins. The cbvious differcnce in
the ratio of MDA-LDL/a2poB in dense LDL fractions that is
shown belween CAD(+) and CAD(—) in Figure 5 sugpests
that the production pathways of MDA-LDL from dense LDL
fractions play a key role in the progression of atherosclerosis.

In conclusion, we clarified the clinical significance of
increased serum levels of MDA-LDL for the presence of
CAD and the progression of carotid atherosclerosis by using
the recently established sensitive ELISA method, indepen-
dent of the serum LDL-C level. This level in serum was
closely related 10 TG level and the LLDL particle size, thus
suggesling a pathological connection of TG-rich lipoproteins,
small dense LDL, and oxidized L.LDL. The circulating level of
MDA-LDL may reflect the local levels of oxidized lipopro-
leins and the following progression of atherosclerosis. Further
histochemical and metabolic analyses arc needed 10 address
these important issues.
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Abstract

Familial combined hyperlipidemia (FCHL) is characterized by elevated levels of serum total cholesterol (TC), triglyceride (TG), or both,
The increased incidence of coronary artery discases (CAD) in the patients with FCHL is believed to be caused by circulating atherogenic
lipoproteins associated with the complex phenotype. Recent establishment of sensitive detection system for malondiaidehyde-modified
(MDA)-LDL, which is one of oxidized lipoproteins, showed its increased circulating level in the patients with CAD, In order 1o know the
atherogenic lipaproteins resulted from the dyslipidemia observed in FCHL, we measured the seram MDA-LDL level in the patients. The
circulating MDA-LDL level and the ratio of MDA-LDL and LDL-C in FCHL were significantly higher (P < 0.05) than those in conltrol,
which are adjusted aboult the age, serum TC, LDL-C and HDL-C levels, respectively. Furthermore, the circulating MDA-LDL level and the
ratio of MDA-LDL and LDL-C were negatively correlated (R = —0.635, P < 0.0] and R = —0.702, P < 0.01, respectively) with hepatic
lipase (HL) activity in FCHL. The serum MDA-LDL leve] and the ratio of MDA-LDL and LDL-C were in the subjects with T/T genotypes
in the HL C-314T polymorphism were significantly increased compared to those with C/C genotype, respectively. The subjects with T/T
genotype showed the activities 10 65 and 79% of those in the subjects with C/C genotype in male and female, respectively. The intima-media
thickness (IMT) of carotid artery was significantly higher (P < 0.05) in the subjecis with T/T genotype than those with C/C genotype in male.
These findings indicate thal the circulating MDA-LDL level is possibly contributing the atherogenic process in FCHL, and the common HL
polymorphism might be a determinant of the serum level of oxidized LDL in the patients with FCHL.
© 2003 Elsevier Ireland Ltd. All rights reserved,

Keywords: MDA-LDL; Oxidized; Familial combined hyperlipidemia; Hepaic lipase; Polymorphisim

1. Introduction

Familial combined hyperlipidemia (FCHL) is the most
frequent, genetic disorder of lipid metabolism, leading to the
increased risk of premature CAD {1-3}. The high frequency
of CAD in the FCHL patients emphasizes the importance
of prediction of the advanced atherosclerosis. The dyslipi-
demia in FCHL is characterized with the elevated serum tri-
gyleride (TG) level as well as total cholesterol (TC) level,

* Corresponding author. Tel.: +81-43-222-7171x5257;
fax: +81-43-226-2095,
E-mail address: hbujo@imemed02.m.chiba-wacjp (H. Bujo).

accompanied with the existence of atherogenic lipoproteins,
such as small, dense LDL in serum.

Until now, some new methods to measure the circulat-
ing oxidized LDL have been established, and their clinical
relevance was invesligated using the detection system for
some parts of oxidized LDL in the subjects with hyper-
lipidemia or advanced atherosclerosis [4-7]. The accumu-
lating evidence underlines the potential usefulness for the
identification of patients with acute coronary syndrome
(8-11]. Recent establishment of sensitive enzyme-linked
immunosorbent assay (ELISA) system using antibodies
against malondialdehyde-modified (MDA)-LDL, which is
one of oxidized lipoproteins, made it possible to delermine
the circulating modified lipoprotein levels, and revealed

0021-9150/% - see from mader ® 2003 Elsevier Ireland Ltd, All rights reserved.

doi:10.101 6/j.atheroscleresis. 2003.05.001

— 214 —



182 K. Yomazuki et ol /Atherosclerasis 172 (2004} 181-187

that its level is increased in the patients with angiograph-
ically proven coronary arlery diseases (CAD) {11,12].
Furthermore, using this system for the patients with CAD,
we clarified that the serum level of MDA-LDL in the
patients with CAD, was increased compared to those with-
out CAD, which are adjusted about the age, scrum TC,
LDL-and HDL-cholesteral (C), and TG levels [12]. The
MDA-LDL level was shown Lo be positively correlated with
intima-media thickness (IMT) of catotid arteries. Thus,
the circulating MDA-LDL level is likely associated with
atherosclerosis.

Hepatic lipase (HL) is known to be one of the candidate
genes underlying the familial dyslipidemia, FCHL, because
of the key role in the hydrolysis of TG-rich lipoproteins
and the formation and maturation of high-densily lipopro-
tein (HDL) {13]. The polymorphism of HL promoler regien
is now much focused on the pathogenesis of CAD, with the
evidence of the close association with dyslipidemia in sub-
jects. Among the known mutations, the variant of C-514T is
reported to link with dyslipidemia, such as increased HDL-C
level and/or TG level in the serum, together with the de-
creased enzyme activities [14-20].

In this study, in order 10 know the circulating athero-
genic lipoproteins resulted from the dyslipidemia observed
in FCHL, we measured the serum levels of MDA-LDL in the
patients with FCHL, and compared to those without FCHL,
which are adjusted about the age, serum TC, LDL-C and
HDL-C levels, As results, we clearly found the increased
serum level of MDA-LDL in the patients with FCHL, and
the level is negatively correlated with hepatic lipase activity
in their sera. Furthermore, the circulating levels were sig-
nificantly higher in the patients with T allele in the C-514 T
polymorphism than those with C allele. The patients with T
allele showed the advanced carotid intima-media thickness
in male. Thus, the circulating MDA-LDL level is associ-
ated with the HL polymorphism in the patients, and possibly
causes the progress of atherosclerosis in FCHL.

2. Methods
2.1. Subjects

Japanese FCHL families were ascertained using the crite-
ria described by the Research Group for Primary Hyperlipi-
demia in the Japanese Ministry of health and Welfare, and
exhibited remarkable similarity with the original description
of FCHL [11. The recruited FCHL families are of Japanese
descent, and from a single geographic area in Japan. The
probands met three criteria, as fellows: (1) primary hyper-
lipidemia, with plasma TC > 220mg/d], TG > 200 mg/dl;
{2) apoB concentrations exceeding by 2 5.D,, the mean for
age-adjusted levels; and (3) at least one first-degree relative
with a different hyperlipidemic phenotype. Exclusion crite-
ria {or probands jncluded diabetes, endocrine disorders, fa-
milial hypercholesterolemia (tendon xanthomas), and type

I hyperlipidemia (apoE2/E2). Fifty-six male and 44 female
coatrol subjects, whose age, TC, LDL-C and HDL-C levels
were adjusted 1o these of male and female FCHL subjects,
respectively, were recruiled. All subjects gave informed con-
sent, and the prolocol for gene analysis was approved by
the Human Investigation Review Committee of the Chiba
University Graduate School of Medicine.

2.2. Measurements of clinical markers

Venous blood was drawn after an overnight of 12-14)).
Serum was separated from blood cells by centrifugation,
and immediately vsed for the measurement of TC, HDL-C,
TG and apo B as deseribed previously [21]. LDL-C was
estimated with the equation of Friedewald et al. [22].

2.3. HL activiry assay

The subjects fasted overnight, and then 30 units of hep-
arin per kg body weight were injected and bloed was
collected 10 min later. The assay of total lipolytic activity
was a modification of the method using [1*C] Triolein as
a substrate described previously {23). [*C] Triolein emul-
sion was prepared by sonication on ice for 10min. For
measurement of lipolytic activity, the reaction mixture con-
tained 0.33mg of triolein (Sigma), 0.033 wCi of triclein
carboxyl-"*C (New England Nuclear, 100 mCi/mmol}, 5 mg
of faity acid {ree bovine serum albumin (Sigma, grade V),
0.02% Triton X-100, I M NaCl and an appropriate amount
of postheparin plasma (S pl) in the presence or absence
of the 5D2 monoclonal antibody for lipoprotein lipase
{LPL) in a final volume of 0.25ml of 0.1 M Tris-HCI (pH
8.4). Aller incubation for 60min at 37¢C, the enzyme
reaction was lerminated by addition of 3.25ml of chlo-
roform:methanol:heptane (1.41:1.25:1) and 1 m! of 0.1N
NaOH. The mixture was mixed vigorously and centrifuged
for 10min. The radioactivity of 1ml of the resultant su-
pernatant was counted in a scintillation counter. Hepatic
lipase activity was calculated as the remaining aclivity in
the presence of the 5D2 monoclonal antibody for LPL.

2.4. Measuremenr of MDA-LDL

The ELISA method used was based on the same prin-
ciples as previous reported by Kotani et al. [4]. Samples
were dilnted 2000 -fold in a dilution buffer containing
S.D.S. One hundred microliter of diluted sample were
then added to the wells of plates which were coated with
monoclenal antibody against MDA-LDL (ML25) {4]. The
reaction was allowed to stand for 2h at room temperature,
and the plates were washed. g-Galaclosidase-conjugated
monoclonal antibody against apoB (AB16) was then added.
Again, the reacticn was allowed 10 stand for 1h, and the
plates were washed. One hundred microliters of 10 mmol/]
o-nitrophenyl-galactopyransoide as substrale was added
into the wells. Afier 2 h, the reaction was stopped by adding
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