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Abstract

The clinical benefit of cholesterol-lowering treatment is unknown in the Japanese elderly in whom the
prevalence of morbidity and mortality related to coronary artery disease are known to be low. To evaluate
the efficacy of cholesterol-lowering treatment with 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA)
reductase inhibitor in Japanese elderly patients with documented coronary artery disease, 121 patients with
serum cholesterol > 150 mg/d/ prospectively received HMG-CoA reductase inhibitor, and 271 patients
undergoing cholesterol-lowering treatment based on dietary therapy alone served as historical controls.
The 143 elderly patients age = 65 years in the 2 groups had similar baseline serum total cholesterol level
(201 £ 30 vs 202 £ 31 mg/dl), age (71 4 vs 70 = 4 years) , proportion of men (37/53 vs 64/90), number
of diseased vessels (1.7 = 0.9 vs 1.5 & 1.0), and incidences of other classical coronary risk factors, includ-
ing hypertension, diabetes mellitus, smoking, obesity and family history of coronary artery disease. In all
392 patients, similar trends were observed, including serum total cholesterol level (208 =33 vs 201 =34
mg/dl). With HMG-CoA reductase inhibitors, serum total cholesterol level was reduced by 14% in the
elderly subjects and by 13% in all patients. During the follow-up of approximately 3 years, cardiac events
occurred in 5 patients (one elderly)in the treatment group and 38 patients (12 elderly)in the control group.
Kaplan-Meier survival estimates revealed a higher event-free survival rate with HMG-CoA reductase
inhibitors in the elderly subjects (98% vs 85%, p < 0.05)and in all patients (94% vs 86%, p < 0.05). Cox
proportional hazard modeling also demonstrated a significant reduction in risk for cardiac events with drug
therapy (relative risk 0.32, p < 0.05), in addition to the number of diseased vessels (relative risk 1.8, p <
0.01). In contrast, no additional risk was observed with advancing age.

Cholesterol-lowering treatment with HMG-CoA reductase inhibitors is effective to improve the progno-
sis of Japanese elderly patients, including those with normal serum cholesterol level.
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INTRODUCTION

The p?evalence of coronary artery disease (CAD)
and CAD-related mortality are known to be low in
Japan'?. This is particularly true in the elderly
compared with the younger generation, in whom
the influence of Western life style is more evident® .
Although the beneficial effect of cholesterol-lower-
ing medication with 3-hydroxy-3-methylglutaryl
coenzyme A (HMG-CoA)reductase inhibitors was
recently reported in Western countries*”®, it is
unclear whether this cholesterol-lowering treatment
is effective for Japanese elderly patients. Our previ-
ous study with Japanese CAD patients found that
the serum total cholesterol level should be reduced
to < 200mg/d! for secondary prevention even in
Japan”. We conducted a prospective study to eluci-
date the effect of cholesterol-lowering treatment
with HMG-CoA reductase inhibitors on the prog-
nosis of Japanese elderly patients with CAD.

METHODS

Study design and patients

This study included patients with CAD who
were treated medically after an initial evaluation,
excluding those with serum total cholesterol < 150
mg/dl or left ventricular ejection fraction < 50%.
Patients with right heart failure were also excluded.
A total of 1,369 patients suspected of having CAD,
excluding those who had had coronary artery
bypass grafting, coronary angioplasty and previous
catheterization, underwent diagnostic coronary
catheterization in our department from January
1983 to March 1997. Four hundred eighty-one
patients were prospectively evaluated from January
1991 to March 1997, and 204 underwent coronary
artery bypass grafting or coronary angioplasty. Of
the remaining 277 patients, 121 patients fulfilled
the inclusion criteria and gave informed consent to
receive Smg of simvastatin or 10 mg of pravastatin.
Among 888 patients who were evaluated from 1983
to 1990, when HMG-CoA reductase inhibitors were
not widely used, 271 patients with CAD fulfilled
the inclusion criteria mentioned above, whose cho-
lesterol-lowering treatment consisted of dietary
therapy ‘alone, served as historical controls. Thus
the final group consisted of 392 patients with CAD
treated medically including 143 elderly patients
aged = 65 years. The treatment group consisted of
121 patients who received Smg of simvastatin or
10mg of pravastatin once a day to reduce serum

total cholesterol to < 200mg/dl. The patients visit-
ed the clinics 1, 3 and 6 months after hospital dis-
charge, and every 6 months thereafter for the deter-
mination of serum lipids. The study protocol,
including its ethical aspects, was approved by the
Institutional Review Board in our hospital.

Assessment of coronary risk factors

The fasting serum total cholesterol level was
measured in the morning after admission, before
diagnostic coronary angiography. Serum total cho-
lesterol was measured by enzymatic methods using
an automatic analyzer (Hitachi 7350). The normal
range of serum total cholesterol level was 130—230
mg/dl in our hospital. In patients previously treated
with cholesterol-lowering medication before refer-
ral to our institution, the initial value of serum cho-
lesterol data before the initiation of drug therapy
was used. Risk factors included in the assessment
were hypertension, diabetes mellitus, cigarette
smoking (current, past or never), family history of
CAD which was documented clinically, obesity
defined as body mass index > 26, and hyper-
uricemia. Hypertension was defined by a history of
hypertension (systolic blood pressure > 160 mmHg
or diastolic blood pressure > 95 mmHg) or by doc-
umented hypertension on at least 2 occasions dur-
ing the study. Hyperuricemia was defined as a
serum uric acid level > 8.0mg/d!/ in men or
>6.0mg/d] in women according to the criteria of
our hospital.

Cardiac catheterization

Coronary angiography was performed in all of
the patients by the Judkins or the Sones technique
and was interpreted by 2 experienced angiogra-
phers based on the criteria proposed by the
American Heart Association”. A significant steno-
sis in the 3 major coronary arteries was defined as
> 75% diameter narrowing. Using the standard
area-length method, ejection fraction was calculat-
ed on a Philips DCI System (Best) from traced sil-

houettes of the biplane left ventriculogram® .

End-point determination

The primary endpoint of this study was a cardiac
event, including cardiac death, nonfatal myocardial
infarction, unstable angina, and coronary interven-
tion such as coronary angioplasty or coronary
artery bypass grafting. A nonfatal myocardial
infarction was defined as typical electrocardio-
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Table 1 Baseline characteristics of all patients in the
treatment and control groups

Treatment group Control group

(n=121) (n=2m1) P¥e
Age (yr) 62+10 6010 <0.05
Male/female 93/28 200/71 NS
Total cholesterol (mg/dl) 208+33 201+34 NS
Hypertension 51(42) 132(49) NS
Current smoker 61(50) 173(64) <0.05
Diabetes mellitus 27(22) 67(25) NS
Obesity 19(16) 42(16) NS
Family history 23(20) 62(23) NS
Hyperuricemia 10( 8) 27(10) NS
Number of diseased vessels 1.4+0.9 1.3£1.0 NS
Ejection fraction (%) 64+12 6711 0.05

( )%

graphic changes associated with significant cardiac
enzyme elevations, excluding silent myocardial
infarction'®. Cardiovascular death was defined as
either sudden cardiac death (death within 1 hr after
the onset of severe cardiac symptoms), rapid car-
diac death (death from 1 to 24 hr since the onset of
severe cardiac symptoms) or fatal myocardial
infarction.

Statistical analysis

Results are expressed as mean * standard devia-
tion. Student’s ¢-test or Scheffe’s multiple compari-
son was used to compare the means of the continu-
ous variables, and contingency tables were ana-
lyzed using a chi-square test. Kaplan-Meier sur-
vival analysis was performed to compare the time
to cardiac events according to the treatment.
Survival curves were compared by the log-rank
test. To adjust for differences in the baseline char-
acteristics, the relative risk of cardiac events with
each factor was analyzed by Cox proportional haz-
ard modeling. Statistical significance was consid-
ered as a p value of < 0.05. Statistical analysis was
performed using the SAS software program.

RESULTS

Patient characteristics at the baseline

All 392 patients had a mean level of serum cho-
lesterol of 208 £ 33mg/dl(150—292 mg/dl)in the
treatment group and 201 + 34mg/dl (151-413
mg/dl)in the control group. Other baseline charac-
teristics were similar between the treatment and
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control groups including the number of diseased
vessels, proportion of males, and prevalence of
hypertension, diabetes mellitus, obesity, family his-
tory of CAD, and hyperuricemia. Patients in the
treatment group were older and had a lower inci-
dence of smoking and lower ejection fraction than
those in the control group (Table 1). Routine labo-
ratory tests showed normal liver function in all
patients. In 143 elderly subjects, the mean level of
serum total cholesterol was 201 + 30mg/dl (150~
292 mg/dl)in the treatment group and 202 * 31
mg/dl (151-312mg/dl) in the control group.
Demographic data including age (71 =4 vs 70 £ 4
years), proportion of men (37/53 vs 54/90), preva-
lence of hypertension (22/53 vs 53/90), current
smoker (24/53 vs 49/90), diabetes mellitus (12/53
vs 26/90), obesity (6/53 vs 17/90), family history
(9/53 vs 20/90), hyperuricemia (3/53 vs 10/90),
number of diseased vessels (1.7 £0.9 vs 1.5 £
1.0), and ejection fraction(62 * 11% vs 67 £ 11%)
were similar in the treatment and control groups
(NS). '

Serum total cholesterol measurements during

follow-up

In all patients, the mean level of serum total cho-
lesterol decreased from 208 to 180mg/d/, 36
months after the initiation of treatment with HMG-
CoA reductase inhibitors, but no significant decline
in the level was observed in the control group. In
the elderly subjects, the level of total cholesterol
decreased from 201 to 172 mg/dl, whereas the level
of total cholesterol did not change again in the con-
trol group (Fig. 1). In the treatment group, the
mean level of serum total cholesterol was 176 % 30
mg/dl with simvastatin in comparison to 190 % 35
mg/d] with pravastatin (NS), 36 months after the
initiation of cholesterol-lowering treatment.

Outcome after follow-up

Follow-up periods were similar between the
treatment and control groups (28 = 11 vs 31 +9
months, NS) with a total follow-up rate of 99%
(388/392) . During this period, 43 patients (12
elderly patients in the control group and one elderly
in the treatment group)had the following cardiac
events: cardiac death in 6, myocardial infarction in
10, unstable angina in 8, congestive heart failure in
3, coronary angioplasty in 5 and coronary artery
bypass grafting in 11. Additional 3 patients (one in
the treatment group and 2 in the control group, NS)
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Fig.1 Mean changes in plasma total cholesterol levels
after the initiation of cholesterol-lowering thera-
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died from non-cardiac causes: malignancy in one,
and car accidents in 2. In patients with or without
cardiac events, the percentages of users of j3 -
blockers (3/43 vs 22/349, NS), nitrates (34/43 vs
288/349, NS), calcium channel blockers (36/43 vs
283/349, NS), angiotensin converting-enzyme
inhibitors (2/43 vs 31/349, NS)and diuretics (7/43
vs 54/349, NS) were similar. No adverse effect was
observed that was considered related to HMG-CoA
reductase inhibitors such as an abnormal increase in
the serum level of creatinine phosphokinase or liver
enzymes. In all 392 patients, Kaplan-Meier survival
estimates revealed a significantly higher event-free
survival rate in the treatment group than in the con-
trol group (94% vs 86%, p < 0.05; Fig. 2). The
survival analysis in 143 elderly subjects with simi-
lar survival curves also revealed a significantly
higher event-free survival rate in the treatment
group than in the control group (98% vs 85%, p <
0.05; Fig. 2). Thus, reductions in the 3-year car-
diac event rate were 8% in all patients and 13% in
the elderly patients. To adjust for differences in the
baseline characteristics, a multivariate analysis was
performed. Cox proportional hazard modeling
revealed that the only 2 factors associated with
prognosis were drug therapy with HMG-CoA
reductase inhibitors (relative risk 0.32, p < 0.05)
and the number of diseased vessels (relative risk
1.8, p<0.01). In contrast, no additional risk was
observed with advancing age (Fig. 3).

DISCUSSION
The morbidity and mortality related to CAD are
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Fig. 2 Kaplan-Meier survival estimates of the inci-
dence of cardiac events in the treatment and
control groups
All patients are presented in the left panel and elderly
patients in the right panel.

low in Japan'?. This trend is observed more fre-
quently in the elderly compared with the younger
generation, in whom the influence of Western life
style is more evident®. Although serum lipoprotein
levels decrease with advancing age'”, few studies
have addressed the effect of cholesterol-lowering
treatment in elderly subjects'>'®). The question aris-
es whether such cholesterol-lowering treatment is
beneficial in this potentially low-risk patient subset.
The present study suggested that cholesterol-lower-
ing treatment with HMG-CoA reductase inhibitors
is feasible and effectively improves the prognosis
of Japanese elderly patients with established CAD.
These results may imply that the mechanisms
underlying the relationship between serum choles-
terol level and the development of coronary athero-
sclerosis may differ from the mechanisms con-
tributing to therapeutic benefit from cholesterol-
lowering treatment in the setting of established
CAD". With 5—10mg of simvastatin or 10 — 20
mg of pravastatin, a smaller dose compared with
the previous studies*™®, serum total cholesterol
decreased by 14% with a mean level of 172mg/d!
in the elderly patients, which resulted in a signifi-
cantly better event-free survival rate. Excess non-
cardiac mortality such as suicides and car accidents
which may be related to medication was not
observed'?. A reduction in the 3-year cardiac event
rate of 13% in the elderly was modest compared
with the previous secondary prevention trials*®.
This may be due either to a smaller dose of HMG-
CoA reductase inhibitors administered in compari-
son to previous studies*”®, or to our patient popula-
tion of Japanese elderly. To increase the dose of
HMG-CoA reductase inhibitors to achieve further
reduction in serum total cholesterol level is theoret-
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ically sound. This approach, however, will not be
practical in clinical medicine in Japan, since the
Department of Health and Welfare in the Japanese
Government regulates the maximum dose of sim-
vastatin as 10 mg and that of pravastatin as 20mg.
Moreover, the smaller dose of simvastatin and
pravastatin applied in this study significantly
reduced serum total cholesterol level to < 200
mg/d! with the result of better survival. Although
the mechanisms related to basic science regarding
the dose of HMG-CoA reductase inhibitors and
prognosis of Japanese patients remain to be clari-
fied, the results of this study emphasize the impor-
tance of the medical control of serum cholesterol
level to be < 200mg/d! to improve the prognosis of
CAD patients even in Japanese elderly patients.
Large clinical trials in Western countries have
demonstrated the beneficial effect of cholesterol-
lowering therapy with HMG-CoA reductase
inhibitors on the prognosis of patients with
CAD*>'Y, However, patient population varied
among these studies since the highest mean serum
total cholesterol of 261 mg/d/ was reported in the
Scandinavian Simvastatin Survival Study (4S) com-
pared with that of 218 mg/dl in the Long-Term
Intervention with Pravastatin in Ischemic Disease
(LIPID) trial and 209 mg/d! in the Cholesterol And

Recurrent Events (CARE) study. In the present -

study, the mean level of serum total cholesterol at
the baseline was 208 mg/d! in the treatment group
and 201 mg/d! in the control group. Furthermore,
the majority of patients had a cholesterol level of
< 220mg/dl, which was previously recognized as
within the normal range in Japan”. The results of
our study, therefore, are similar to those of the
CARE study or LIPID trial>'?, rather than the 4S
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study®. In our preliminary study, the separation of
the prognostic curve between the treatment and
control groups (Fig. 2) occurred earlier than in the
large clinical trials, in which the separation was
usually observed 1—2 yr after randomization®>'.
With the accumulation of patients, it is possible that
the prognostic curve with HMG-CoA reductase
inhibitors in Japanese patients will become similar
to the curves observed in large clinical trials of
Western countries.

The patient population in this study included
only those with left ventricular ejection fraction
> 50% and serum total cholesterol level > 150
mg/dl. These criteria were chosen to avoid excess
cardiac mortality from congestive heart failure,
which is not usually related to the progression of
coronary atherosclerosis?. Patients with right heart
failure and/or severe liver dysfunction were also
excluded since the effect of HMG-CoA reductase
inhibitors may depend upon liver function. In addi-
tion, a historical control group rather than a placebo
group was compared with the treatment group in
the present study, since it is difficult to conduct
double-blind controlled trials in Japan at the present
time'®, and it might not be considered ethical to
recruit control subjects for a cholesterol-lowering
study whose cholesterol level is < 150mg/d!.
While baseline characteristics including classical
coronary risk factors and angiographic findings
were similar in the elderly between the treatment
and control groups, minor differences existed in all
the patient groups. To adjust for these differences in
baseline parameters, multivariate analysis with Cox
proportional hazard modeling was performed.
Cholesterol-lowering treatment with HMG-CoA
reductase inhibitors and the number of diseased
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vessels were the only 2 factors that were related to
prognosis regardless of age, suggesting that choles-
terol-lowering treatment had a significant impact on
the prognosis of patients with CAD. The fact that
advancing age is not selected as a prognostic factor
in this multivariate analysis indicates that choles-
terol-lowering treatment is effective for the progno-
sis independent of age.

Secular trends in the therapeutic strategy for
CAD may also have confounded the influence on
the prognosis of patients in this study. In fact, the
choice of coronary intervention in the early 1980s
was coronary bypass grafting, and since then, the
number of patients undergoing coronary angioplas-
ty has increased in our institution” . The criteria for
which patients receive medical treatment may also
be changing. In the present study, however, minor
differences in baseline characteristics as adjusted
by multivariate analysis did not have a significant
effect on the prognosis of these patients. Since the
management of these characteristics, including
coronary risk factors and coronary artery stenosis,
is reported to have the greatest prognostic influence
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on patients with CAD'”, the 2 groups were consid-
ered comparable with respect to important prognos-
tic factors. Moreover, the fact that patients with or
without cardiac events did not differ in the use of
cardioactive medications such as j -blockers and
angiotensin_converting-enzyme inhibitors, which
are known to improve the prognosis of patients
with CAD, suggests that confounding effect of sec-
ular trends in the medical therapy was probably
mjnimalm"g).

In conclusion, this preliminary study with cho-
lesterol-lowering treatment using HMG-CoA
reductase inhibitors suggests significant improve-
ment in the prognosis of Japanese elderly patients
with established CAD and normal serum total cho-
lesterol levels. A double.blind investigation of the
effects of HMG-CoA reductase inhibitors in this
patient population is warranted.
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