2150

US reported that total caffeine estimated from coffee
and other sources was associated with a statistically
significant lower risk of type 2 diabetes, and that this
association remained significant after adjustment for
coffee consumption [8). A cross-sectional study in
Japan also demonstrated that total caffeine estimated
from coffee and three types of tea was associated with
lower fasting glucose concentrations, and that the in-
verse association between caffeine from coffee alone
and fasting plasma glucose was stronger than that for
total caffeine [7]. In our study, total caffeine estimated
from coffee and green tea was inversely related to
fasting and post-load plasma glucose and to the risk of
type 2 diabetes. The magnitude of the inverse relation-
ship between caffeine and glucose intolerance was
similar to that observed for coffee. We were not able
to address the question of whether or not coffee is re-
lated to glucose intolerance independently of caffeine,
because coffee consumption and caffeine intake were
strongly correlated with each other,

Of particular interest were the findings that coffee
consumption was more strongly associated with de-
creased concentrations of post-load plasma glucose
than fasting plasma glucose, and that coffee consump-
tion was almost unrelated to IFG. These results sug-
gest that coffee consumption may inhibit postprandial
hyperglycaemia and thereby afford protection against
the development of type 2 diabetes mellitus.

The present study had several associated strengths
in addition to the use of a 75-g OGTT. Almost all SDF
officials in the Kyushu district participated in the
health examination programme at two SDF hospitals
prior to their retirement. Thus, the study population
was almost unselected. In addition, the study popula-
tion was relatively large. The subjects were relatively
homogeneous in terms of social background as well as
age range.

One of the limitations of the present study was its
cross-sectional nature. An association observed in a
cross-sectional study does not necessarily indicate a
causal relationship. As diabetes may have affected
coffee consumption levels, we treated men with a his-
tory of diabetes separately in the analysis. Another
limitation was that the observed relationship between
coffee drinking and glucose intolerance may be at-
tributed in part to undetermined characteristics of cof-
fee drinkers, although important factors associated
with type 2 diabetes were statistically adjusted for.
Caffeine ingestion was estimated based on only coffee
and green tea consumption; thus, caffeine intake may
have been misclassified to some extent. However, oth-
er caffeine-containing beverages, such as black tea
and cola, are probably consumed to a far lesser extent
by middle-aged men in Japan, as suggested by the sur-
vey on beverage preference [23]. Finally, the study
subjects were men who served in the SDF up to retire-
ment, and may therefore differ from the general popu-
lation with respect to various lifestyle characteristics.

T. Yamaji et al.:

Consequently, our findings may not be directly ap-
plied to the general population,

In conclusion, using a 75-g OGTT to diagnose dia-
betes, the present study of middle-aged Japanese men
provides further evidence for the protective role of
coffee or caffeine in the pathogenesis of type 2 diabe-
tes. The biological effects of caffeine and other con-
stituents of coffee deserve further investigation.
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CLINICAL INVESTIGATIONS

Volume-Qutcome Relation for Hospitals Performing
Angioplasty for Acute Myocardial Infarction
—— Results From the Nationwide Japanese Registry —

Miyuki Tsuchihashi, MS; Hiroyuki Tsutsui, MD*; Hideo Tada, MD*;
Miwako Shihara, MD*; Akira Takeshita, MD*; Suminori Kono, MD
for the Japanese Coronary Intervention Study (JCIS) Group

Background The purpose of this study was to use a contemporary database to examine the relationship between
annual hospital volume and the outcomes of percutaneous coronary interventions (PCls) for acute myocardial
infarction (AMI), given the wide spread use of coronary stents. An inverse relation exists between the number of
PCIs and short-term outcome, but PCI practice has been changing with the availability of new devices such as
stents.

Methods and Results Data from the 1997 Japanese nationwide registry were analyzed to determine the rela-
tion between the annual hospital volume of PCI procedures for patients with AMI and in-hospital mortality, as
well as the need for coronary artery bypass graft (CABG) surgery. A total of 129 hospitals (2,491 patients) were
divided into terciles according to the annual volume. Of the procedures, 39% involved coronary stents. Median
annual PCI volumes varied across terciles from low=10, middle=33, and high=89. After adjusting for patient
characteristics, there was no significant relationship between volume and in-hospital mortality (trend P=0.66)
and CABG (trend P=0.35). Among patients who received stents (n=958), there was no significant association
between volume and either mortality or CABG.

Conclusions  Using the conternporary database, there was no significant relationship between hospital volume
and in-hospital outcome among AMI patients undergoing PCIs, (Circ J 2004; 68;: 887-891)

Circ J 2004; 68: 887-891

Key Words: Angioplasty bypass surgery; Mortality; Myocardial infarction; Risk factors

patients undergoing percutancous coronary inter-

ventions (PCIs) at hospitals with a high annual
volume of procedures!-® This result has been also docu-
mented in patients with acute myocardial infarction (AMI);
that is, patients treated with PCI at high-volume centers
have a lower mortality?-® :

Recent advances in PCI technology, specifically the
advent of coronary stents!0Il have yielded significantly
better results for the treatment of AMI'21? and reduced
complications following PCI, such as the risk of undergo-
ing subsequent coronary artery bypass grafting {CABG)!4
In addition, there have been other changes in practice
patterns that might be expected to improve outcomes fol-
lowing PCI, such as the use of lower profile balloons, better
guiding catheters, and new antiplatelet agents. Given all
these advances, it is necessary to re-evaluate the relation-
ship between hospital volume and the outcomes of PCls
using more current data. In fact, Ho et al have reported that

S everal studies have demonstrated better outcomes for
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the disparity in outcome between low- and high-volume
hospitals has narrowed over time!s

To this end, we used the 1997 data from the Japanese
Coronary Intervention Study (JCIS), an extensive nation-
wide survey of PCI practice in Japan!l.16-1? to investigate
whether hospital volume is related to the in-hospital out-
comes for AMI patients in the current era of interventional
cardiology. The data set is representative for the entire
nation and includes patients with AMI who were treated at
hospitals with a wide range of experience.

Methods

Fatient Population

Patient selection and data collection have been described
previously!?12 Briefly, JCIS surveyed 109,788 PCI proce-
dures performed at 1,023 institutions int Japan during 1997.
The patient characteristics and outcomes were evaluated in
10,642 randomly selected PCIs, which represented approx-
imately 10% of all PCIs registered in the JCIS. All patients
with AMI (n=2,606) who had undergone PCI were iden-
tified. Inclusion criteria were patients with AMI who
presented within 6 h of symptom onset, or between 6 and
24h if they had persistent symptoms with evidence of
ongoing ischemia, including chest pain and ST-segment
elevation in the infarct region. Patients with an incomplete
data set regarding the infarct-related artery (n=112) and
in-hospital complications (n=3) were excluded. Thus, a
total of 2,491 patients remained in the main analysis of the
present study.

—161 —



888

Table 1 Hospitals Ranked According to Tercile of Annual Volume
of AMI Patients Undergeing PCI

Tercile Rangeof  Medianof  Hospitals Patients
volume volume n n
Low 1-16 10 4 323
Middle 17-55 33 42 1,025
High 56-370 89 43 1143
Toral 129 2,491

Data Collection

The patients” demographic information, cardiovascular
history, their risk factors (eg, hypercholesterolemia, smok-
ing, hypertension, and diabetes mellitus) were recorded.
Hypercholesterolemia was defined as total cholesterol
2220mg/dl; hypertension was defined as systolic blood
pressure >140mmHg and/or diastolic blood pressure
>90mmHg; diabetes mellitus was defined as fasting blood
sugar 2140mg/d! or blood sugar during a 75-g oral glucose
tolerance test 2200 mg/dl; renal failure was defined as
serum creatinine 22.5mg/d]; single-vessel disease was
defined as 251% stenosis in any of the major coronary
arteries or their major branches; and multivessel disease
was defined as 251% stenosis in either 2 or all 3 major epi-
cardial coronary arteries. Further, left ventricular ejection
fraction (LVEF) was assessed by any method, including
left ventricular angiography, echocardiography and radio-
nuclide angiography, and categorized into 2 groups: LVEF
250% and LVEF <50% or unknown.

Cutcome Measures

The outcomes were in-hospital mortality, in-hospital by-
pass surgery following PCI, and the combined endpoint of
in-hospital mortality or CABG. )

TSUCHIHASHI M et al.

Statistical Analysis

Hospitals were classified into 3 categories at terciles of
the volume of procedures performed during 1997. Differ-
ences in demographic, medical, angiographic, and proce-
dural variables were statistically assessed by chi-square test
(categorical variables) and Student’s t-test (continuous
variables). The relationship between hospital volume and
in-hospital outcomes was examined in terms of odds ratio
(OR) using multiple logistic regression analysis. Adjustment
was made for age, gender, previous myocardial infarction,
hypercholesterolemia, smoking, hypertension, diabetes
mellitus, renal failure, cerebrovascular disease, prior PCI,
prior CABG, number of diseased vessels, attempted lesion,
LVEF, types of devices, and backup cardiac surgery.
Subgroup analyses were also performed with stratification
as regards age, sex, number of diseased vessels, LVEF,
devices, and backup cardiac surgery.

Significance of a trend with increasing hospital volume
categories was assessed with the Cochran— Armitage test
and reported as a trend ‘P’. All probability values were 2-
tailed. Statistical significance was defined as p<0.05 or
95% confidence intervals (CIs) that did not include 1.0, All
analysis was performed with the SAS 6 statistical programs
(SAS Institute, Cary, NC, USA).

Results

Study Population

Table 1 shows the range and median of 2,491 patients
with AMI undergoing PCI at 129 hospitals ranked ac-
cording to annual volume. Baseline demographic, medical,
angiographic, and procedural characteristics of the patients
according to hospital volume are shown in Table 2. In gen-
eral, there were few significant differences among patients

Table 2 Demographic, Medical, Avgiographic, and Procedural Characteristics of Patients According to Tercile of Annual

Yolume
Tercile
Low Middle High Trend P
(n=323)  (n=1025)  (n=1143)

Age (years, mean+5D) 65.0¢11.2 65.2¢11.3 6541115 o.80

>75 (%} 229 218 224 0.88
Male (%) 74.3 74.9 73.9 0.38
Prior myocardial infarction {%) 16 26 2.0 0.42
Hypercholesterolemia (%) 418 36.0 37.3 0.17
Smoking (%) 55.1 518 514 0.48
Hypertension (%) 489 47.5 52.3 0.07
Diabetes mellitus (%) 32.2 287 28.5 041
Renal failure (%) 2.8 1.3 2.8 0.30
Cerebrovascular disease (%) 81 105 7.5 0.20
Prior PCI (%) 9.0 7.6 &1 0.85
Prior CABG (%) 1.9 14 18 0.73
No. of diseased vessels (%}

Single 583 382 59.0 0.93

Multivessel 39.0 383 364 0.54

Left main rrunk 12 2.6 19 0.03
Attempied coronary artery (%)

Right 256 342 36.2 0.60

Left anterior descending 53.3 514 484 0.07

Left circumflex 10.5 124 2.3 0.54

Left main 0.3 16 2.5 <0.0]
Ejection fraction (meant $D) 55.7£12.7 55.0+14.2 S5d.1tid4 0.38

<50% or unknown (%) 55.1 535 56.8 0.30
Device (%)

Balloon angioplasty 65.6 63.8 351 <001

Stent 322 34.0 44.3 <004
Surgical backup (%) 46.8 72.2 87.5 <00

PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting.
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Table 3 Rates of In-Hospital Qutcomes According to Tercile of Arnual Volume

Tercile
Cutcome Low Middle High Trend P
(rn=323) (n=1025) {n=1,143)
Mortality (%) 8.4 7.2 7.4 0.66
CABG (%) 19 0.8 10 0.35
Mortality or CABG (%) 9.9 7.8 8.1 045

CABG, coronary artery bypass grafting.

Table 4 Unadjusted and Adjusted Odds Ratios of In-Hospital Qutcomes by Tercile of Annual Volume

889

Odds ratio (95% CI)
Gutcome/model Trend P
Middle (n=1,025) High (n=1,143)
In-hospital mortality
Unadjusted 0.85 {0.54-1.35) 0.87 (0.55-1.37) 0.67
Adjusted for demographic variables 0.87 {0.54-1.38) 0.87 (0.55-1.38) 0.66
Adjusted for demographic and medical variables 0.98(0.56-1.71) 1.04 (0.60-1.80) 0.80
Adjusted for demographic medical, angiegraphic and procedural variables 0.91{0.50-1.67) 0.84 (0.46-1.56) 0.57
CABG
Unadjusted 0.42(0.14-1.21) 0.51 (0.19--1.40) 0.36
Adjusted for demographic variables 042(0.14-1.21) 0.51{0.19-1.40} 0.35
Adjusted for demographic and medical variables 0.43(0.14-1.32) 0.55(0.19-1.55) G44
Adjusted for demographic, medical, angiographic and procedural variables 0.31 {0.09-1.05) 0.32(0.10-1.06) 0.14
In-hospital death or CABG
Unadjusted 0.77 (0.50-1.18} 0.80+(0.52-1.22) 0.45
Adjusted for demographic variables 0.78 (0.50-1.20) 0.80 (0.52-1.22) 0.44
Adjusted for demographic and medical variables 0.84 (0.50-1.40) 0.90 (0.55-1.48) 0.86
Adjusted for demographic, medical, angiographic and procedural varigbles 0.76 (0.44-1.31) .70 {0.40-1.23) 0.26

Adjustment was made for demographic (age, gender), medical (previous myocardial infarction, hypercholesterolemia, smoking, hypertension, diabetes
mellitus, renal failure, cerebrovascular disease, prior PCI, prior CABG), angiographic {number of diseased vessels, attempted lesion, ejection fraction), and

procedural (types of devices, cardiac surgery as a backup) variables.

Table 5 Subgroup Analysis of In-Hospital Mertality by Tercile of Annual Volume

QOdds ratio (95% CI)
Subgroup - Trend P
Middle (n=1,025) High (n=1,143}
Age
<75 years old (n=1,938) 1.19(0.50-2.81) 115(0.48-2.74) 0.85
275 years old (n=553) 0.52(0.21-1.32) 0.45(0.17-1.17) 0.15
Sex
Male (n=1,853) 1.11 (0.47-2.65) 1.15{0.48-2.77) 0.78
Female (n=638) 0.70(0.27-1.81) 0.55(0.21-1.45) 0.23
No. of diseased vessels
Single (n=1,461) 0.62 (0.24-1.60) 0.76 (0.30-1.92) 0.8!
Multivessel (n=9335) 0.87 (0.36-2.06) 0.81 (0.34-1.94) 0.64
Ejection fraction
250% (n=1,116) 2.31{0.16-33.24) 0.78 (0.05-12.42) 0.51
<50% (n=1,375) 0.89(0.48-1.62) 0.86 (0.47-1.60) 0.68
Devices
Balloon angioplasty (n=1,496) 0.75(0.35-1.63) 0.78(0.35-1.72) 0.66
Stent (n=958) 1.06 (0.37-3.04) 0.890.32-2.52) 070
Surgical backup
Yes (n=1,891) 0.68(0.31-1.49) 0.81(0.38-1.70) .84
No (n=600) 1.61(0.48-541) 0.33 (0.06-1.83) 0.26

Adjustment was made for demographic (age, gender), medical (previous myocardial infarction, hypercholesterolemia, smoking,
hypertension, diabetes mellitus, renal failure, cerebrovascular disease, prior PCI, prior CABG), angiographic {number of diseased
vessels, aitempted lesion, ejection fraction), and procedural (types of devices, cardiac surgery as a backup) variables.

according to the tercile of volume. Notable differences in-
cluded significantly higher proportions of left main disease
patients in high-volume hospitals (trend P=0.03). High-
volume hospitals were more likely to use stents instead of
balloon angioplasty than lower volume hospitals (trend
P<0.01). There was a trend toward greater availability of
cardiac surgery as a backup in high-volume hospitals (trend
P<0.01). :

Circulation Joumal  Vol.68, October 2004

In-Hospital Outcomes

For the study population overall, the unadjusted rates of
outcomes during hospitalization are shown in Table3. The
unadjusted in-hospital mortality rate was 8.4% in the
lowest quartile and 7.4% in the highest quartile. There was
no significant difference in the rates of in-hospital mortality
across the terciles of hospital volume (trend P=0.66). Sirmi-
larly, the unadjusted rates of CABG during the same hospi-
talization and the combined endpeint of mortality or CABG
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demonstrated no significant relationship with hospital

volume.

Table 4 shows the relationship between hospital volume
and outcomes after stepwise adjustment for various patient
characteristics. There was no significant association be-
tween hospital procedure volume and in-hospital mortality
rate even after the adjustment of variables. Highest volume
hospitals tended to be associated with a lower likelihood of
CABG (OR 0.32, 95% CI 0.10-1.06, P=0.14); however,
the trend did not reach statistical significance. Adjusted
rates of the combined in-hospital mortality and CABG also
did not differ with the categories of hospital volume.

The results of subgroup analysis for the in-hospital
mortality stratified by age, sex, number of diseased vessels,
LVEF, types of devices used, and backup cardiac surgery
are shown in Table 5; they are similar to those found in the
primary analysis. Even in the subgroup who received coro-
nary stent placement, there was no measurable association
between the hospital volume and in-hospital mortality
(trend P=0.70).

Discussion

The major finding of the present study is that, using the
contemporary PCI database, the rates of adverse in-hospital
outcomes including mortality and subsequent bypass
surgery in patients undergoing PCI for AMI were compara-
ble across categories of hospital volume. Adjusting for
differences in demographic, medical, angiographic, and
procedural variables did not alter these findings. No rela-
tionship between volume and outcomes was found after
stratification by age, sex, single- or multivessel disease,
LVEF and the subset of patients treated with coronary stent
placement.

Comparison With Previous Studies

The results of the present study are consistent with those
from 2 prior studies, which found no relationship between
volume and outcomes for primary angioplasty?%2! In a
subgroup analysis of patients in the Myocardial Infarction
Triage Intervention study, Every et al noted no difference
in outcome for 995 patients treated at high-volume centers
compared with 1,394 patients treated at low-volume cen-
ters?0 Danchin et al found no difference in relative mortali-
ty between high- and low-volume hospitals in a cohort of
721 patients during 199521 However, these results differ
from those reported in 3 previous studies based on registry
or multicenter data?? Using the 1994-1998 National
Registry of Myocardial Infarction (NRMI) registry data,
Canto et al demonstrated an inverse relationship between
post-PCI mortality rates and hospital volume? Magid et al
showed that in-hospital death was inversely related to the
number of cases each hospital performed annually using
1994-1999 NRMI registry data® Vakili et al, based on the
1995 New York State Coronary Angioplasty System Reg-
istry (CARS) data, found an inverse relationship between
hospital volume and the outcome of both in-hospital death
and CABG?

The difference between these studies and our study may
be a consequence of our use of more recent data that reflect
the widespread use of coronary stents. According to the
JCIS registry, the use of stents has increased dramatically
and the lower volume facilities were more likely to use
them than the higher volume centers;!! in fact, the preva-
lence of stent use was as high as 30-50%. Even though we

TSUCHIHASHI M et al.

found that the higher volume tercile was more likely to use
stents than the lower volume tercile, the lowest volume
hospitals performed 32.2% of stent placements, which was
even higher than the values at high volume centers in the
study of Vakili et al during 1995 (20%)? The use of stents
may be expected to reduce the incidence of re-infarction
and recurrent ischemia, so the increasing use of stents by
low volume facilities until they were nearly comparable
with the rates in high volume facilities might account for
the absence of a volume—outcome relation in the present
study. In addition, the increased cumulative experience for
all interventionists in stabilizing AMI patients using phar-
macological and mechanical therapies might have contrib-
uted to the improvement in outcome. Alternatively, our
finding might be unique to the PCI practice patterns in
Japanl6

Study Limitations

First, important clinical variables concerning the severi-
ty of the patient’s illness, such as cardiogenic shock, pres-
ence of heart failure on admission, antecedent thrombolytic
therapy with salvage PCI, and the use of intra-aortic bal-
loon pumps and transvenous pacing, were not included in
the present study. Nor did we include angiographic variable
such as the prevalence of final TIMI-3 flow in the infarct
vessel and the presence of no-reflow and other embolic
complications. Second, the JCIS database did not record
procedure volume per physician, so there might be a phy-
sician volume—outcome relation in our study patients.
However, as recommended by the American College of
Cardiology (ACC) and American Heart Association
{AHA)?? it may be acceptable for operators with small
annual volumes to perform PCI if they work at high-
volume centers and are cautious in their case selection.
Therefore, we consider that hospital volume —outcome data
may persist after accounting for procedure volume per
cardiologist. However, we need to be cautious about
extending our findings to operators with low volumes until
the outcome for this group is assessed. Third, given that the
JCIS registry contains a higher concentration of low-
volume hospitals!® further studies are necessary to deter-
mine whether the findings of this study are consistent.
Specifically, it is important to continually assess the out-
come in low-volume facilities. Finally, the practice of
interventional cardiclogy continues to change. The use of
stents is still growing and new antiplatelet agents are being
used with increased frequency. What effect this will have
on practice and outcomes and their relationship between
volume and outcome is not yet known. Despite these short-
comings, administrative data are the only source of infor-
mation by which the volume—outcome relation may be
examined for a large sample of hospitals.

Clinical Implications

In-hospital mortality and CABG rates were similar
across hospital volumes in the present study, which has
important implications for decisions regarding minimum
volume standards and regionalization of innovative tech-
nologies!52 The relative performance advantage of high-
versus low-volume hospitals might have decreased over
timelS and therefore, regionalization might have ensured
better outcomes in the early stages of a new intervention.
However, if access to care is affected by timing and dis-

_tance, such as PCI for the patients with AMI, less centrali-

zation may be preferred as technologies improve2#25

Circulation Journal Vol 68, October 2004
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Conclusions

In the modem era of interventional cardiology, after
adjusting for confounding variables between patients, out-
comes in patients undergoing PCI for AMI are comparable
for hospitals across a spectrum of annual volumes. Contin-
ual assessment of progress in the evolution of PCI is essen-
tial for the determination of definitive guidelines.
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Abstract

To evaluate the influence of lifestyle modification with and without lipid-lowering drug therapy on the carotid arterial wall, we did a 2
year prospective ultrasound study of carotid intima-media thickness (IMT) in 1390 male and female residents of a suburban Japanese town.
According to total cholesterol (TC) level at baseline, subjects were classified into a lifestyle modification alone group (TC = 220 mg/dl,
n = 437), a lifestyle modification with lipid-lowering drug group (TC > 220mg/dl, n = 159), and a control group (TC < 220 mg/dl,
n = 794). After 2 years of follow-up, both sexes of both treatment groups showed significant reductions of TC, low-density lipoprotein
cholesterol (LDL-C), and IMT, although TC continued over 220 mg/dl in some subjects in the lifestyle modification group. The reduction
of TC and LDL-C was significantly higher in the lifestyle modification with lipid-lowering drug group than in the lifestyle modification
alone group. Although the IMT reduction was not statistically different between the treatment groups of either sex, the reduction of IMT was
greater in the lifestyle modification with lipid-lowering drug group than in the lifestyle modification alone group. Our results indicate that
comprehensive lifestyle modification can reduce carotid IMT in the general population, with or without the use of lipid-lowering drugs and

that cholesterol reduction is of benefit even when TC level remain above the recommended level.

© 2004 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Lifestyle has a major influence on the development and
progression of atherosclerosis. The Leiden Intervention
Trial provided the first direct evidence that dietary modifi-
cation can influence the natural course of coronary artery
atherosclerosis {1], showing that a vegetarian diet reduced
the ratio of low-density lipoprotein cholesterol (LDL-C) to
high-density lipoprotein cholesterol (HDL-C) and showing
an association with a reduction in atherosclerosis progres-
sion in the coronary artery. Several subsequent clinical trials
also showed that lifestyle modification, including dietary
changes, increased physical activity, smoking stoppage,
and weight control can slow the progression of coronary
atherosclerosis [2-4]. Based on these findings, a ‘healthy

* Corresponding author. Tel.: +81-92-642.590%;
fax: +81-92-642-5916.
E-mail address: n.maeda@ genmedpr.med kyushu-u.ac.jp (N. Maeda).

lifestyle’ has become the backbone of consensus statements
for prevention of cardiovascular disease.

High-resolution B-mode ultrasound is well established as
a noninvasive method for assessing arterial intima-media
thickness (IMT). Ultrasound measurement of IMT is now
widely used in clinical studies as a surrogate marker for
atherosclerotic disease. Epidemiological studies indicated an
association between carotid IMT and atherosclerotic risk
factors and the prevalence of cardiovascular disease {5-9].
In prospective studies, increased carotid IMT was predictive
of cardiovascular events [8,10,11].

Lipid-lowering drug therapy, including 3-hydroxy-3-
methylglutaryl coenzyme A reductase inhibitors, not only
has reduced the incidence of primary and secondary cardio-
vascular events but also slowed or reversed IMT progression
[12-16]. However, few studies have reported that lifestyle
modification can reduce IMT progression, even without
lipid-lowering drug therapy [17,18). Moreover, to our
knowledge, no previous reports have compared the effect
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of lifestyle modification alone to lifestyle medification with
lipid-lowering drug therapy in terms of IMT progression in
a large-scale population,

The purpose of this study was to evaluate the ef-
fectiveness of lifestyle modification with and without
lipid-lowering drug therapy in retarding the progression of
carotid atherosclerosis, as assessed by changes in IMT,

2. Methods
2.1. Study design and subjects

This study was designed as a 2 year, prospective clinical
trial to evaluate the influence of lifestyle modification with
and without lipid-lowering drug therapy on common carotid
artery IMT in hypercholesterolemic subjects with a total
cholesterol (TC) level of at least 220 mg/dl. A comparison of
these groups with normocholesterolemic controls was also
done.

Between June and December 1999, potential subjects
were recruited from 2410 participants in public health ex-
aminations given by the local government for residents
aged 20 or older at the Public Health Center in K town,
Fukuoka prefecture, Japan [9]. The examination consisted
of a general physical examination, a questionnaire, carotid
ultrasound, and blood tests, TC, HDL-C, and triglycerides
(TG) were measured at a commercial laboratory (SRL
Inc., Fukuoka, Japan). LDL-C was calculated according
to the Friedewald formula. Exclusion criteria included a
serum TG > 400mg/d], familial hypercholesterolemia,
secondary hypercholesterolemia, and complications such
as severe liver disease or nephropathy. Written informed
consent was obtained from all subjects before examina-
tion. However, 1020 of the potential subjects were omitted
because of withdrawal of consent or ineligibility, leaving
1390 subjects (398 men and 992 women; mean + S.D.
age, 56.9 £ 12.1 years: range 21-86 years} who were
enrolled and followed up for 2 years. Of these, 596 hy-
percholesterolemic subjects were gathered and taught
the following lifestyle modifications in a lecture of ap-
proximately 1h by physicians using the same teaching
materials. Dietary recommendations were based on the
goals of the National Cholesterol Education Program Ex-
pert Panel step 2 diet (less than 30% total fat, less than
1% saturated fat, and less than 200 mg of cholesterol per
day) [19]. Subjects with a body mass index (BMI) over
25 were instructed to lose weight based on BMI goals,
with BMI 22 the target. Physical exercise, such as aero-
bic walking three times a week (more than 30min each
time), was recommended. All hypercholesterolemic sub-
jects were encouraged to quit negative lifestyle habits such
as excessive alcohol consumption and cigarette smoking.
After this lesson, all hypercholesterolemic subjects were
recommended lipid-lowering drug therapy in addition to
lifestyle modification. The hypercholesterolemic subjects

were divided into two groups: (1) a lifestyle modification
alone group composed of subjects who rejected the use
of drugs (group A, n = 437) and (2) a lifestyle modifica-
tion with lipid-lowering drug group (group B, n = 159).
Lipid-lowering drug therapy with simvastatin at 5Smg per
day was begun for those subjects who chose lipid-lowering
drug therapy. For subjects already on lipid-lowering drug
therapy, there was a washout period of at least 4 weeks
before start of the new medication. Menitoring visits were
scheduled 4 weeks after the baseline data was gathered
and every 2 months thereafter. At each visit, a brief phys-
ical examination was done, and the number of tablets
was counted to assess compliance. Subjects with a nor-
mal TC level were placed in a control group (group C,
rn = 794). Group C was further divided into two groups
after 24 months of follow-up, one in which TC was under
220mg/d] both at baseline and after 24 months (continu-
ous TC normal group, n = 697) and the other in which
TC was normal at baseline, but had increased to above
220mpg/d] after 24 months (TC turning abnormal group,
n = 97). _

A self-reported questionnaire including questions about
personal and family medical histories and lifestyle habits
affecting health was given. Hypertension was defined
as either systolic blood pressure > 140mmHg, dias-
tolic pressure > 90mmHg, or treatment with antihyper-
tensive medications. Diabetes mellitus was defined as a
self-reported history of diabetes, a fasting plasma glucose
level > 126mg/dl, or the use of anti-diabetic drugs or
insulin.

2.2. Carotid ultrasound measurements

Bilateral carotid artery scanning with high-resolution
B-mode ultrasound using a 7.5MHz mechanical sector
transducer on the Aloka S§D-2000 (Aloka Co. Ltd., Tokyo,
Japan) was done by four trained physicians as described
previously [9,16,20]. The IMT was measured at points 2,
2.5 and 3cm proximal to the flow divider on the far wall
of the right and left common carotid arteries at the end of
the diastolic phase, provided that these points were free of
plaque, defined as a clearly identified area of focal increased
IMT (>1.1mm). From this, mean IMT was determined
for each individual. All assessment of carotid arteries was
done blinded to knowledge of clinical history or risk factor
profile.

Analysis of within- and between-reader (reading of a
given duplicate set of 25 scans) and within-observer (du-
plicate mean IMT measurements in five subjects) variabil-
ity was done [20). The Spearman correlation coefficients
for intra-observer and intra-reader measurements were
>0.95, respectively, and the mean differences (£2 S.D.)
were <1% (10%). The Spearman correlation coefficients
for between-observer and between-reader variability were
>0.95 and >0.95, respectively, and the mean differences
(2 S.D.) were <5% (15%).
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2.3. Statistical analysis

All data were reported on standardized forms, which were
then entered into a database. Categorical variables among
the groups were assessed by the chi-square test or Fisher’s
exact test. The mean levels of variables between two groups
were compared by unpaired ¢-test or Mann-Whitney U-test.
Comparison between more than two groups was done
by Kruskal-Wallis test. Differences in serum lipid levels
and IMT between baseline and after 24 months in each
group were compared using paired r-test or Wilcoxon’s
signed-ranks test. Between group, mean percentage change
from baseline to 24 months was compared using multiple
regression analysis with the Bonferroni correction. Percent-
age change was calculated by the following formula: %
change = (value at 24 months — bascline value)/baseline
value x 100. P < 0.05 were considered statistically signifi-
cant in all analyses.

3. Results
3.1. Baseline characteristics of the three groups by sex

In men, no significant differences in age, BMI, blood
pressure, smoking, history, or IMT were found between the
three groups. The TC, LDL-C and TG levels were signif-
icantly higher in groups A and B than in group C (P <
0.01), respectively. No significant difference in TC, LDL-C,
or HDL-C level was found between groups A and B. HDL-C
was significantly higher in group A than group C (P < 0.01)
(Table 1).

In women, age, BMI, blood pressure, history of hyper-
tension, serum cholesterol, TG and IMT were significantly
higher in groups A and B than in group C (P < 0.01),
respectively; whereas, smoking was significantly higher in
group C than in groups A and B (P < 0.01), respectively.
The TC, LDL-C, and IMT levels were significantly higher
in group B than group A (P < 0.01).

3.2, Changes in variables at baseline and 24 months
(Tables 2 and 3}

In men, no significant change in BMI was found in the
A, B, or C group; however, a significant increase of BMI
was found in the TC turning abnormal group (P = 0.046)
(Table 2). The systolic blood pressure level significantly in-
creased in groups A and C (P = 0.019 and P < 0.001),
respectively, but were not changed in group B. No signifi-
cant change in diastolic blood pressure level was found in
any group over 24 months.

The TC and LDL-C levels significantly decreased over
24 months in groups A and B (P < 0.001), but in group
A the TC level continued over 220 mg/dl throughout the 24
months. No significant change in the TC or LDL-C level
was found in group C; however, a significant decrease in

the TC and LDL-C leve! was found in the continuous TC
normal group (P < 0.001) and a significant increase in
TC level was found in the TC turning to abnormal group
(P < 0.001). The HDL-C level significantly decreased over
24 months in group B (P = 0.019). In groups A and C, no
significant change in HDL-C was found over 24 months.
The TG level significantly decreased over 24 months in
group B (P = 0.012). No significant change in TG was
found in group A or C over 24 months.

The IMT level was significantly reduced after 24 months
in groups A, B, and C (P = 0.002, P = 0.002, and P <
0.001), respectively. In group C, a significant decrease in
IMT was found in the continuous TC normal group (P <
0.001), whereas no significant change was found in the TC
turning abnormal group (P = (.481).

In women, BMI was significantly decreased in groups A
and B (P < 0.001 and P = 0.033), respectively, but was not
changed in group C (Table 3). The systolic blood pressure
level significantly increased in groups A and C (P = 0.029
and P < 0.001), respectively, but was not changed in group
B. No significant change in diastolic blood pressure level
was found in any group over 24 months.

The TC and LDL-C levels significantly decreased over
24 months in groups A and B (P < 0.001), but in group
A the TC level over 24 months was continuously higher
than 220 mg/dl. In group C, the TC and LDL-C levels were
significantly increased (P = 0.004 and 0.036), respectively.
Significant decreases in TC and LDL-C were found in
the continuous TC normal group (P = 0.047 and 0.022),
whereas significant increases in TC and LDL-C were found
in the TC turning to abnormal group (P < 0.001). The
HDL-C level significantly decreased over 24 months in
groups A and B (P = 0.041 and P < (.001), respectively.
In group C, a significant increase in the HDL-C level was
found in the TC turning abnormal group (P = 0.006). The
TG level significantly increased over 24 months in group C
(P = 0.014); however, this was only true for the continu-
ous TC normal group (P = 0.025). No significant change
in TG was found in groups A and B over 24 months of
follow-up.

IMT was significantly reduced after 24 months of
follow-up in groups A and B (P < 0.001). In group C, no
significant change in IMT was found; however, a significant
decrease in IMT was found in the continuous TC normal
group (P = 0.006), whereas no significant change in IMT
was found in the TC turning abnormal group (P = 0.358).

3.3. Mean percentage change of lipid and IMT
levels between the baseline and 24 month values
(Figs. I and 2)

In men, the TC and LDL-C change was significantly
higher in group B (—21.4 and —23.3%) than in groups A
(—6.8 and —10.1%) and C {(—0.9 and —1.3%) (P < 0.01},
respectively (Fig. 1A). The TC and LDL-C change was sig-
nificantly higher in group A than in group C (P < 0.01).
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Table 2
Changes in variables from baseline to 24 months of follow-up in men
Men {n = 398)
Baseline, mean + S.D. 24 months, mean + S.D. Percentage change P-valye
Body mass index (kg/m?)
Group A 237 £ 3.1 238 + 34 -0.4 0523
Group B 232+ 35 229+ 34 -13 0.056
Group C 232 + 28 232+ 30 0.0 0.393
Continuous TC normal group 232+ 29 232 £ 3.0 0.0 0.822
TC turning abnormal group 229 £ 27 234 £ 31 22 0.046
Systolic blood pressure (mmHg)
Group A 1318 + 16.3 1348 £ 12.7 23 0.019
Group B 1324 £ 172 132.8 + 17.0 03 0.957
Group C 1323 + 183 135.5 + 20.1 24 <0.001
Continuous TC normal group 1324 4 18.2 135.6 4 19.8 24 <0.001
TC turning abnormal group 1316 + 20.2 1343 4 243 21 0.355
Diastolic blood pressure (mmHg)
Group A 789 + 103 80.7 + 116 23 0.069
Group B 774 £ 116 790+ 119 21 0.513
Group C 794 + 104 794 + 12.0 0.0 0.982
Continuous TC normal group 793 4+ 103 794 £+ 12.2 0.1 0.926
TC turning abnormal group 796 + 11.1 790 £ 95 -08 0.815
TC (mg/dl)
Group A 2432 + 194 2266 £+ 249 -6.8 <0.001
Group B 2508 + 237 1972 £ 255 =214 <0.001
Group C 187.2 £ 21.7 1856 + 256 09 0.218
Continuous TC normal group 1859 % 21.7 1815 £ 225 -24 <0.001
TC tumning abnormal group 2018 + 146 2310+ 96 14.5 <0.001
LDL-C (mg/dl)
Group A 157.1 £ 213 1412 4+ 242 =101 <0.001
Group B 159.5 + 25.8 1224 4 262 =233 <0.001
Group C 109.0 + 219 107.6 + 23.6 =13 0.255
Continuons TC normal group 108.2 + 23.7 104.1 + 20.8 -38 <0.001
TC tuming abnormal group 1179 £ 210 1465 + 18.7 243 <0.001
HDL-C {(mg/dl}
Group A 58.7 £ 149 570 + 140 =29 0.014
Group B 385 & 185 504 £ 12,6 —138 0.019
Group C 551 + 126 546 £ 13.3 -09 0.266
Continuous TC normal group 549 + 125 54,0 £ 13.1 -14 0.734
TC turning abnormal group 576 £ 147 61.0 & 13.7 59 0.136
TG (mg/d)
Group A 137.1 + 68.8 1424 & 744 39 0.313
Group B 163.8 + 94.1 1223 £ 546 -253 0.012
Group C 1152 + 62.9 1172 £ 679 1.7 0.608
Continnous TC normal group 1138 £ 623 117.1 + 69.1 29 0.334
TC tuming abnormal group 131.7 + 620 117.4 + 533 -109 0.351
IMT (mm)
Group A 0.88 + 0.26 0.82 + 0.16 -6.8 0.002
Group B 096 £ 0.30 0.80 + 0.19 —-16.7 0.002
Group C 0.88 £+ 0.21 0.84 £ 0,16 —4.5 <0.001
Continuous TC normal group 0.89 + 0.21 0.82 + 0.17 -19 <0.001
TC turning abnormal group 087 £ 026 0.86 £+ 0.12 —-1.1 0.481

TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol, TG, triglyceride; IMT, intima-media
thickness. Group A, lifestyle modification, » = 107, group B, lifestyle modification with lipid-lowering drug, n = 33; group C, normal TC, n = 258;
continuous TC normal group, n = 237; TC tuming abnormal group, n = 21,

The HDL-C change was significantly higher in group B The IMT change was significantly higher in group B
(—13.8%) than in groups A (-2.9%) and C (—0.9%) (P < (—16.7%) than in group C (~4.5%) (P < 0.05) (Fig. 2A).
0.05), respectively. The TG change was significantly higher No significant difference in the IMT change was found be-
in group B (~=25.3%) than in groups A (3.9%)and C (1.7%) tween groups A and B or between groups A and C over 24
{P < 0.05), respectively. months.
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Table 3

Changes in variables from baseline to 24 months of follow-up in women

Women (n = 992)

Baseline, mean + S.D, 24 months, mean + S.D. Percentage change P-value
Body mass index (kg/m?) ‘ _
Group A 229 + 34 227+ 33 -0.9 <0.001
Group B 233 & 34 231 £ 35 -09 0.033
Group C 219+ 29 219 + 3.0 0.0 0.198
Continuous TC normal group 21.8 £ 3.0 219 £ 3.0 0.5 0.236
TC turning abnormal group 223+ 28 223+ 28 0.0 0.616
Systolic blood pressure (mmHg)
Group A 1303 £ 196 1319 + 213 1.2 0.029
Group B 133.1 £ 19.6 1318 + 165 -1.0 0.247
Group C 121.9 £ 19.2 1240 4 19.8 1.7 <0.001
Continuous TC normal group 121.8 £ 19.3 1236 £ 19.8 15 0.005
TC turning abnormal group 1222 + 184 1270 £ 194 39 0.004
Diastolic blood pressure (mmHg)
Group A 774 + 106 778 £ 114 05 0318
Group B 78.3 + 10.0 768 £ 9.3 -19 0.076
Group C 73.0 £ 10.7 738 £ 109 11 . 0.063
Continuous TC normal group 72.8 £ 10.8 736 £+ 10.8 -11 0.126
TC tuming abnormal group 73.9 + 10.1 52+ 113 1.8 0.223
TC (mg/dl)
Group A 2463 + 232 2323 4+ 276 -57 <0.001
Group B 2577 £ 314 2164 4+ 310 -16.0 <0.001
Group C 190.3 £+ 20.2 192.7 + 264 1.3 0.004
Continuvous TC normal group 1874 £ 20.2 i85.8 £ 210 -(.9 0.047
TC taming abnormal group 2076 + 9.1 2346 £ 144 13.0 <0.001
LDL-C {mg/dl)
Group A 157.6 + 24.2 1456 + 282 -16 <0.001
Group B 168.8 £ 273 1333 + 324 ~210 <0.001
Group C 110.8 + 19.5 1125 + 245 15 0.036
Continuous TC normal group 108.7 &+ 19.7 1069 £ 20.5 ~17 0.022
TC tuming abnormal group 123.3 £ 124 1463 £+ 185 18.7 <0.001
HDL-C (mg/dl)
Group A 654 + 154 644 + 154 ~15 0.041
Group B 67.8 + 149 626 £ 146 =17 <0.001
Group C 62.8 + 13.2 62.7 £ 13.7 -0.2 0.618
Continuous TC normal group 62.3 £ 13.1 61.7 £ 134 -1.0 0.074
TC tuming abnormal group 65.9 £ 13.6 68.7 £ 141 . 42 0.006
TG (mg/dl)
Group A 105.2 £ 47.8 100.1 4 49.7 —438 0.087
Group B 117.1 + 59.7 1119 £ 590 ~4.4 0.208
Group C 834 £ 486 879 £ 552 54 0.014
Continuous TC normal group 820+ 478 86.3 + 53.6 52 0.025
TC turning abnormal group 91.7 &+ 529 97.7 £ 63.3 6.5 0.319
IMT (i)
Group A 0.83 + 0.18 0.79 £ 0.16 —48 <0.001
Group B 0.88 X 0.19 0.81 £ 0.16 —8.0 <0.001
Group C 075 x 0.16 0.74 £ 0.14 ~13 0.055
Continuous TC normal group 0.75 £ 0.16 0.73 £ 0.14 -27 0.006
TC turning abnormal group 0.80 + 0.15 0.80 + 0.13 0.0 0.358

TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; TG, triglyceride; IMT, intima-media
thickness. Group A, lifestyle modification, n = 330; group B, lifestyle modification with lipid-lowering drug, n = 126; group C, normal TC, n = 536;

continuous TC normal group, n = 460; TC tuming abnormal group, n = 76,

In women, the TC and LDL-C change was significantly
higher in group B (—16.0% and —21.0%} than in groups
A (—57% and —7.6%) and C (1.3 and 1.5%) (P < 0.01),
respectively (Fig. 1B). The TC and LDL-C change was

significantly higher in group A than in group C (P < 0.01).
The HDL-C change was significantly higher in group
B (—7.7%) than in groups A (—1.5%) and C (~0.2%)
(P < 0.05), respectively. TG was significantly increased in
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Fig. 1. {A) Mean percentage change in the serum lipid level of men over
24 months. Group A, lifestyle modification; group B, lifestyle modification
with lipid-lowering drug; group C, normal TC: **P < 0.01, *P < 0.05.
(B} Mean percentage change in the serum lipid level of women over 24
months. Group A, lifestyle modification; group B, lifestyle modification
with lipid-lowering drug; group C, normal TC: **P < 0.01, *P < 0.05,

group C (5.4%), but decreased in groups A (—4.8%) and B
{—4.4%) (group A or B versus C, P < 0.05).

The IMT change was significantly higher in group B
{—8.0%) than in group C {—1.3%) (P < 0.05) (Fig. 2B). No
significant difference in the IMT change was found between
groups A and B or between groups A and C over 24 months.

4, Discussion

This large prospective study was designed to evaluate the
effectiveness of various treatment regimens in subjects di-
vided into three groups according to their cholesterol level
at baseline and assessed by carotid IMT: (A) a lifestyle
modification alone group; (B) a lifestyle modification
with lipid-lowering drug therapy group; and (C) a control
group. To our knowledge, this is the first evidence from a
large-scale study 1o show that lifestyle modification alone
can promote a significant reduction of carotid IMT over a 2
year period in men and women with hypercholesterolemia.
Based on previous reports {2-4), a ‘healthy lifestyle’ (e.g.,
a well-balanced diet, regular physical exercise, smoking
stoppage, and moderate alcohol intake) has become the
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Fig. 2. (A) Mean percentage change in the IMT of men over 24 months.
Group A, lifestyle modification; group B, lifestyle meodification with
lipid-lowering drug; group C, normal TC: * P < 0.05. (B) Mean percent-
age change in the IMT of women over 24 months. Group A, lifestyle
modification; group B, lifestyle modification with lipid-lowering drug;
group C, normal TC: *P < 0.05.

backbone of consensus statements for primary preven-
tion of cardiovascular disease. However, whether lifestyle
changes, especially in diet and physical activity, can me-
diate a protective effect through a favorable influence on
carotid atherosclerosis is still controversial,

Hodis et al. [15] reported that patients receiving lovastatin
with dietary therapy had consistent reduction of carotid IMT
as early as 1 year, whereas patients receiving only dietary
therapy had a consistent increase of IMT at 2 and 4 years.
The Fukuoka Atherosclerosis Trial [16] also showed that a
diet therapy group had a significant reduction of LDL-C, but
that IMT progression continued. On the other hand, Markus
et al. [17] demonstrated that lifestyle modification, such as
BMI reduction and dietary cholesterol intake reduction and
quitting smoking, could reduce the annual rate of IMT pro-
gression. The results of studies of the effect of physical ac-
tivity on IMT have been mixed, with a report of a protective
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association with workplace activity [21], reduction in men
but not women [22}], and no relation [23]. Fields et al. [18]
found that a multimodality traditional approach involving
dietary, exercise, herbal food supplement, and stress re-
duction approaches could attenuate carotid atherosclerosis,
particularly in those with marked cardiovascular risk. The
differences in these results may be explained, at least in part,
by differences in the populations or the study design, includ-
ing lifestyle changes or the follow-up period. Our results in-
dicate that comprehensive lifestyle modification can inhibit
or reduce carotid IMT progression. It seems reasonable to
suppose that a combination of an optimal dietary therapy and
increased use of energy from fat through aerobic physical
exercise might create a physiclogic state that would be ben-
eficial to the carotid arterial wall, If previous studies [15,16]
had included more comprehensive lifestyle modification
programs (e.g., diet, physical exercise, smoking stoppage,
and weight control), the progression of carotid atheroscle-
rosis may have been retarded even without the use of
lipid-lowering drugs.

In our study, changes in the serum cholesterol level
appeared to be correlated more closely with carotid IMT
than did the changes in other lifestyle-related risk factors,
Interestingly, the lifestyle modification alone group showed
a significant regression of carotid IMT, even though the
cholesterol level remained above the recommended level
[24]. Schuler et al. [4] also found that patients engaging
in regular physical exercise and consuming a low-fat diet
over I year had a 10% reduction of the mean TC level, and
that coronary atherosclerosis progressed in 23% of their
patients, but was not changed in 45% and regressed in 32%,
even though the TC level continued over 220mg/d], as in
our lifestyle modification alone group. That a high serum
cholesterol level is a major risk factor for the initiation and
the development of atherosclerosis is beyond any doubt.
However, our results showed that carotid IMT can be re-
duced by the reduction of TC, even though the TC level
may remain above a level at which we would normally
expect IMT to increase. Lifestyle changes should be part of
any comprehensive treatment program for subjects with hy-
percholesterolemia, especially for low-risk subjects as were
tested in our study, although the underlying mechanisms
remain to be completely elucidated.

The reduction of carotid IMT was greater in the lifestyle
modification with lipid-lowering drug group than in the
lifestyle modification alone group in this study. Our results
also showed that comprehensive lifestyle modification can
reduce carotid IMT, even without the use of lipid-lowering
drugs. From a medical cost standpoint, a comprehensive
lifestyle modification program would obviously be the best
first line of treatment for carotid atherosclerosis. Lifestyle
intervention is safe and compatible with concurrent treat-
ment for other conditions with atherosclerotic vascular risk,
such as hypertension, diabetes, and obesity [18]. Moreover,
atherosclerotic changes in carotid IMT have also become
widely accepted as a marker of generalized atherosclerosis

and have been associated with future cardiovascular and
cerebrovascular events [8,10,11]. Therefore, the lifestyle
modification of potential behavior-dependent factors may
be a cost-effective way of preventing future vascular
events.

In conclusion, our results suggested that comprehensive
lifestyle modification can reduce carotid IMT and serum
cholesterol levels and that cholesterol reduction provides
benefit even when the TC level remains above that usually
recommended.

Acknowledgements

This study was supported in part by the Public Health
Center of K town, Fukuoka, Japan. We thank Nacko
Kinukawa, MS, for providing advice on the statistical
assessments.

References

[1] Amtzenivs AC, Kromhout D, Barth JD, Reiber JH, Bruschke AV,
Buis B, et al, Diet, lipoproteins, and the progression of coro-
nary atherosclerosis. The Leiden Intervention Trial. N Engt J Med
1985;312:805-11. :

[2] Omish D, Brown SE, Scherwitz LW, Billings JH, Armstrong WT,
Ports TA, et al. Can lifestyle changes reverse coronary heart disease?
Lifestyle Heart Trial Lancet 1990;336:129-33.

[3] Watts GF, Lewis B, Brunt JN, Lewis ES, Coltart DJ, Smith LD, et
al. Effects on coronary artery disease of lipid-lowering diet, or diet
plos cholestyramine, in the St. Thomas’ Atherosclerosis Regression
Study (STARS). Lancet 1992,339:563-9.

[4] Schuler G, Hambrecht R, Schlierf G, Nicbauer J, Hauer K, Neumann
I, et al. Regular physical exercise and low-fat diet. Effects on pro-
gression of coronary artery disease. Circulation 1992;86:1-11.

[5] Salonen JT, Salonen R. Ultrasound B-mode imaging in observa-
tional studies of atherosclerotic progression. Circulation 1993;87:56—
65.

[6] Buske GL, Evans GW, Riley WA, Sharrett AR, Howard G, Bames
RW, et al. Arterial wall thickness is associated with prevalent car-
diovascular disease in iddle aged adults: the Atherosclerotic Risk
in Communities (ARIC) Study. Stroke 1995;26:386--91.

[7] Mannami T, Konishi M, Baba §, Nishi N, Terao A. Prevalence
of asymptomatic carotid atherosclerotic lesions detected by high-
resolution ultrasonography and its relation to cardiovascular high risk
factors in the general population of a Japanese city: the Suita Study.
Stroke 1997;28:518-25.

[8] Bots ML, Hoes AW, Koudstaal PJ, Hofman A, Grobee DE. Common
carotid intima-media thickness and risk of stroke and myocardial
infarction; the Rotterdam Study. Circulation 1997;96:1432-7.

9] Maeda N, Sawayama Y, Tatsukawa M, Shimizu C, Kashiwagi S,
Hayashi 1. Chlamydia pnewmoniae seropositivity and early carotid
atherosclerosis in a suburban Japanese population. Atherosclerosis
2002;164:313-9.

[10] Chambless LE, Heiss G, Folsom AR, Rosamond W, Szklo M,
Sharrett AR, et al. Association of coronary heart disease incidence
with carotid arterial wall thickness and major risk factors: the
Atherosclerotic Risk in Communities (ARIC) Study, 1987-1993.
Am J Epidemiol 1997;146:483-94.

[11] Hodis HN, Mack WJ, LaBree L, Selzer RH, Lin CR, Lin CH, et
al. The role of carotid arterial intima media thickness in predicting
clinical coronary event. Ann Intern Med 19938:128:262-9,

—173 —



K. Okada et al./Atherosclerosis 173 (2004) 329-337 317

[12] Furberg CD, Adams Jr HP, Applegate WB, Byington RP, Espeland
MA, Hartwell T, et al. Effect of lovastatin on early carotid
atherosclerosis and cardiovascular events. Asymptomatic carotid
artery progression. Circulation 1994;90:1679-87.

[13] Crouse III IR, Byington RP, Bond MG, Espeland MA, Craven TE,
Sprinkle JW, et al. Pravastatin, lipids, and atherosclerosis in the
carotid arteries (PLAC-II), Am J Cardiol 1995;75:455-9.

[14] Salonen R, Nyyssonen K, Porkkala B, Rummukainen J, Belder R,
Park JS, et al. Kuopio Atherosclerosis Prevention Study (KAPS). A
population-based primary preventive trial of the effect of LDL low-
ering on atherosclerotic progression in carotid and femoral arteries.
Circulation 1995;92:1758-64.

[15] Hodis HN, Mack WI, LaBree L, Selzer RH, Liu C, Liu C, et al.
Reduction in carotid arterial wall thickness using lovastatin and
dietary therapy: a randomized controlled clinical trial. Ann Intern
Med 1996,124:548-56.

[16] Sawayama Y, Shimizu C, Masda N, Tatsukawa M, Kinukawa N,
Koyanagi S, et al. Effects of probucol and pravastatin on common
carotid atherosclerosis in patients with asymptomatic hypercholes-
terolemnia, Fukuoka atherosclerosis trial (FAST). J Am Coll Cardiol
2002;39:610-6.

[17] Markus RA, Mack WJ, Azen SP, Hodis HN. Influence of lifestyle
modification on atherosclerotic progression determined by ultra-
sonographic change in the common carotid intima-media thickness.
Am J Clin Nutr 1997,65:1000—4.

[18] Fields JZ, Walton KG, Schneider RH, Nidich S, Pomerantz R,
Suchdev P, et al. Effect of a multimodality natural medicine

program on carotid atherosclerosis in older subjects: a pilot trial of
Maharishi Vedic Medicine. Am J Cardiol 2002;89:952-8.

[19] Expert panel on detection, evaluation, and treatment of high blood
cholesterol in adults. Summary of second report of the National
Cholesterol Education Program (NCEP), Expert panel on detection,
evaluation and treatment of high blood cholesterol in adults (adult
treatment panel I1). J Am Med Assoc 1993;269:3015-23.

[20] Maeda N, Sawayama Y, Tatsukawa M, Okada K, Furusyo N,
Shigematsu M, et al. Carotid artery lesions and atherosclerotic risk
factors in Japanese hemodialysis patients. Atherosclerosis 2003;
169:183-92,

[21] Folsom AR, Eckfeldt JH, Weitzman S, Ma J, Chambless LE, Bamnes
RW, et al. Relation of carotid artery wall thickness to diabetes mel-
litus, fasting glucose and insulin, body size, and physical activity.
Stroke 1994;25:66-73.

[22) Stensland-Bugge E, Bonaa KH, Joakimsen O. Age and sex dif-
ferences in the relationship between inherited and lifestyle risk
factors and subclinical carotid atherosclerosis: the Tromso Study.
Atherosclerosis 2001;154:437-48,

[23] Ebrahim S, Papacosta O, Whincup P, Wannamethee G, Walker M,
Nicolaides AN, et al. Carotid plaque, intima media thickness, cardio-
vascular risk factors, and prevalent cardiovascular disease in men and
wormen: the British Regional Heart Study. Stroke 1999;30:841-50.

[24] Hata Y, Mabuchi H, Saito Y, Itakura H, Egusa G, Ito H, et al.
Report of the Japan Atherosclerosis Soclety (JAS) guideline for
diagnosis and treatment of hyperlipidemia in Japanese adults. J
Atheroscler Thromb 2002;9:(-27,

—174—



Journal of Gasrroenterology and Hepatology (2004) 19, 541-550

HEPATOLOGY

Double point mutation in the core promoter region of hepatitis B
virus (HBV) genotype C may be related to liver deterioration in

patients with chronic HBYV infection
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Abstract

Background and Aim: Hepatitis B virus (HBV) genotype C has a more severe pathogenesis than gen-
otype B in Japan. We retrospectively investigated the relationship between HBV genotype and the core
promoter (CP) (nt 1762 and 1764) and precore (PreC) (nt 1896) mutations of the HBV genome.
Methods: Aotal of 129 Japanese patients (42 genotype B and 87 genotype C) with chronic HBV infec-
tion, living in twe different geographical areas in Japan, were evaluated (mean follow-up period
10.1 £ 3.8 years). In 2000, CP and PreC HBV mutations were analyzed by direct sequencing from sera.
Hepatitis B e antigen (HBeAg), HBV DNA and serial alanine aminotransferase (ALT) changes were fol-
lowed and determined using serological methods.

Results: Genotype C patients had significantly higher rates of HBeAg (40.2% »s 2.4%), HBV DNA
positivity (75.9% wvs 7.1%) and ALT abnormality (71.3% o5 11.9%) than genotype B patients (all
P <0.05). Among genotype B patients, CP wild type (92.9%) was predominant and PreC mutation
{(88.1%) was predominant. However, among genotype C patients, CP mutation (75.9%) was predom-
inant and PreC mutation (66.7%) was predominant. The CP mutation was found significantly more in
genotype C than in genotype B (P <0.05). Of the 67 patients with ALT abnormality, five (7.5%) gen-
otype B and 62 (92.5%) genotype C patients (31 HBeAg positive and 31 negative) were found. Among
the 31 genotype C patients who were HBeAg positive, the combination of CP mutation and PreC wild
(54.8%) was predominant, while among the remaining 31 genotype C patients who were HBeAg neg-
ative, the combination of CP mutation and PreC mutant (71.0%) was predominant.

Conclusion: Genotype C might be one of the worse prognostic markers in patients with chronic HBY
infection, possibly because of mutation in the CP region,

© 2004 Blackwell Publishing Asia Pty Ltd

Key words: chronic hepatitis B, core promoter mutant, genotype, precore mutant.

INTRODUCTION

Hepatitis B virus (HBV) infection is a major public
health problem, with more than 350 million HBV car-
riers estimated worldwide.! During the course of the
disease, seroconversion from hepatitis B ¢ antigen
(HBeAg) to antibody to HBeAg (anti-HBe) generally
indicares a favorable outcome, with the cessation of
active viral replication and benign non-progressive liver

disease.? However, some HBV carriers have persistent
viremia and liver damage after seroconversion from
HBeAg to anti-HBe.>*

We previously reported that there was a significant
epidemiological difference in the clinical course -of
chronic HBV infection, even within one country such as
Japan. Patients in Fukuoka had higher rates of HBeAg
positivity and liver damage than those in Okinawa, and
the former less frequently had HBeAg negativity than
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the latter.%” This has been recognized as reflecting hep-
atitis B surface antigen (HBsAg) subtype, because
HBsAg subtypes adr and adw are most common in
Fukuoka and QOkinawa, respectively. Also, the rates and
ages of seroconversion from HBeAg to anti-HBe are
higher and occur at a younger age in patients with
HBsAg subtype adw than in those with adr. Recently, in
place of this HBsAg subtype, the HBV genotype has
become well used in the analysis of the relationship
between heterogeneity of HBV genome and clinical fea-
tures.?® The HBV genotypes B (mainly HBsAg sub-
type adw) and C (mainly subtype adr) are commonly
observed in Japan and other Asian countries.”!'™*

The core promoter region (CP) of HBV directs the
transcription of both species of 3.5 kb messenger RNA
(mRNA): pregenomic RNA (pgRNA) and precore
mMRNA (PreC mRNA). The pgRNA. is translated into
core protein and polymerase (reverse transcriptase) pro-
tein, and serves as a template for reverse transcription of
HBV after being packed into core particles."” A pair of
point mutations of the CP, an adenine (A) to thymine
(T) transversion at nucleotide (nt) 1762 together with a
guanine (G) to A transition at nt 1764 (1762T and
1764 A), were first described in the CP of Japanese
patients infected with HBV.!® These 1762T and 1764 A
double mutations are frequently found in patients with
chronic hepatitis or fulminant hepatitis,'™'® and less
often in asymptomatic healthy carriers.’®

The PreC mRNA is translated into a PreC/core
fusion protein that is post-translationally modified to
yield HBeAg.? The most common PreC mutation that
prevents HBeAg production is 2 G to A change at nt
1896, which creates a novel translational stop codon (at
PreC codon 28) leading to premature termination of
the translation of the PreC protein.?"?? PreC mutations
(1896 A) were reported to be possibly associated with
more active liver disease and HBV viremia.”!

These CP and PreC mutations of the HBV genome
have been associared with loss of HBeAg and liver dete-
rioration.?®* We have already demonstrated thart
Japanese genotype C patients have more severe liver
deterioration than genotype B patients because of the
delay of HBeAg disappearance and continued HBV

H Nakashima et al.

replication after HBeAg disappearance.” The reason
behind the pathogenesis of HBV genotype C compared
to genotype B is unclear. Few research has been carried
out to clarify the relationship between these mutations
and HBV genotypes in Japanese patients with chronic
HBYV infection. To clarify this issue, we investigated if
genotypic different pathogenesis exists in the HBV
genome, especially in CP and PreC regions in Japanese
patients with chronic HBV infection from two geo-
graphical areas of Japan.

METHODS
Study population

A total of 129 Japanese patients with chronic HBV
infection, living in two different geographical areas in
Japan, were retrospectively studied {mean follow-up
period 10.1 3.8 years). Of these, 87 were followed as
outpatients at the Department of General Medicine,
Kyushu University Hospital in Fukuoka Prefecture
from 1988 (mean follow-up period 8.3 £ 1.7 years).
The remaining 42 patients were from the Yaeyama Dis-
trict in the Okinawa Prefecture and were followed from
1978 in our study in which free health examinations
were given to all residents and announced by distribut-
ing written notices to all households and as outpatients
at Yaeyama Hospital (mean follow-up period 13.6 4.4
years) (Table 1, Fig. 1).>%* All patients were able to be
followed until 2000, the end of the follow-up period.
From our previous Japanese study,’ genotypes B and C
were predominantly found in Okinawa and in Fukuocka,
respectively. There was significant clinical difference in
HBeAg positivity and liver deterioration between the
genotypes, but there was no geographical difference by
HBYV genotype between Okinawa and Fukuoka.

To investigate the relationship between these muta-
tions and HBV genotypes in Japanese patients with
chronic HBV infection, we entered these genotype
patients who were matched for sex and age into the
present case-control study. The following criteria were
fulfilled by all patients: positive for HBsAg for at least 6

Table 1 Characteristics of 129 patients with chronic hepatitis B virus (HBV) infection classified by HBV genotype

HBYV genotype
Characteristic B (n=42) C(n=87) Total (n = 129) P-value
No. Okinawa patients (%) 38 (90.5) 4 (9.5 42 (100) <0.0001
No. Fukuoka patients (%) 4 (4.6) 83 (95.4) 87 (100) <0.0001
Male : female ratio 24:18 56:31 80:49 NS
Age (mean % SD years) 49.5 £15.7 44.3 £14.0 404 +14.7t NS
No. HBeAg positive at start of follow-up (%) 14 (33.3) 47 (54.0) 61 (47.3) <0.05
No. HBeAg positive at end of follow-up (%) 1{2.4) 35 (40.2) 36 (27.9) <0.0001
No. with HBV DNA level 0.7 Meg/mL (%)} 3.1 66 (75.9) 69 (53.5) <0.0001
No. with ALT abnormality (%) 5(11.9) 62 (71.3) 67 (51.9) <0.0001

tAge range at entry 14-72 years; *at the end of follow-up observation period. Alanine aminotransferase (ALT) abnormality was
defined when an ALT level above 36 IU/L was observed for at least half of each patient’s observation period. HBeAg, hepatitis

B e antigen; Meg, million genome equivalents.
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Figure 1 Map of the surveyed areas (Fukuoka and the Yaeyama district of Okinawa) in Japan. The map also shows the surveyed

areas in relation to the main islands of Japan and Taiwan,

months; and to establish chronic HBV infection, exclu-
sion of other concomitant causes of liver disease (hep-
atitis C and alcohol consumption >80 g/day) and
relatively rare liver disease (autoimmune hepatitis and
metabolic liver disease). All patients were negative for
human immunodeficiency virus antibody. All patients
were selected based on the availability of two or more
serum samples from each year of the follow-up period.
Genotyping and analysis of CP and PreC mutations
were performed in each patient’s sera at the end of
follow-up. Informed consent to participate in the study
was obtained from all adult participants and from the
parents or legal guardians of minors. In genotype C
patients, 44 (50.6%) received interferon treatment dur-
ing the follow-up period but did not receive it within 2
years of this last observation period. None of the gen-
otype B patients received antiviral treatment. In addi-
tion, none of the genotype B and C patients received
corticosteroid treatment.

Alanine aminotransferase abnormality and
classification of clinical status

Using a multiple autoanalyzer, serum was tested for
alanine aminotransferase {ALT) levels at least every
6 months during the follow-up period. An ALT
abnormality was defined when an ALT level above

36 IU/L. was observed for at least half of each
patient’s observational period. We defined the clini-
cal status of patients by liver histology or laboratory
data as follows: asymptomatic healthy carrier (ASC),
constantly had normal ALT levels (<36 IU/L) for
more than 3 yvears during the follow-up period;
chronic hepatitis (CH), had ALT abnormality or his-
tologically chronic hepatitis; liver cirrhosis (LC) was
diagnosed by liver biopsy or by monitoring conven-
tional laboratory tests and ultrasonography; hepato-
cellular carcinoma (HCC) was diagnosed by
angiography, biopsy or surgical specimen and by
monitoring conventional laboratory tests. A liver
biopsy was undertaken for 43 genotype C patients
and analyzed by a single pathologist.

Serological assay methods

All serum samples were separated soon after collection
and stored at —20°C until testing for HBsAg, HBeAg,
HBV genotype and HBV DNA. Presence of HBsAg was
determined by passive hemagglutination (Mycell,
Institute of Immunology, Tokyo, Japan) and HBeAg was
determined by RIA (HBeAg RIA; Abbott Laboratories,
North Chicago, IL, USA). The mutations of the CP and
PreC regions were amplified and analyzed by direct
sequencing.
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Hepatitis B virus genotyping by ELISA

An enzyme-linked immunosorbent assay (ELISA) was
developed for serological determination of the six HBV
genotypes designated A, B, C, D, E and F. Monoclenal
antibodies were raised against genotype-specific
epitopes in the preS2-region product of HBV and
labeled with horseradish percxidase using commercial
kits (HBV Genotype EIA, Insdtute of Immunoelogy,
Tokyo, Japan).?*?” The HBsAg in sera was captured in
wells of a microtiter plate coated with monoclonal anti-
bodies 3207 and 5124 A, both directed to the common
determinant epitope ‘a’, and tested for binding with
genotype-specific monoclonal antibodies labeled with
horseradish peroxidase (monoclonal antibodies 5520,
epitope ‘b’; T2741, ‘m’; KO610A, ‘k’; 4408, *s"; 3465,
‘u’; 5142 A, ‘f”; and 5156, ‘g’). From the amino acid
sequence found by reaction with monoclonal antibod-
ies, genotypes A to F were determined: b, s and u for
genotype A; b and m for B; b, k and s for C; b, k, s and
ufor D; b, k, s, u, fand g for E; and b, k and f for F.
Genotype G was determined by the combination of the
above preS2-based ELISA genotype kits for genotype D
and HBsAg subtype adw.™®

Quantitative detection of hepatitis B
virus DNA

Serum HBV DNA was assayed by the Quantiplex
branched DNA solid-phase assay using a series of
nucleic acid probe hybridizations (Chiron Diagnostics,
Emeryville, CA, USA), with a lower detection limit of
0.7 million genome equivalents per mL (Meg/mL),
approximately 70000 viral genome copies/mL. Hepati-
tis B virus DNA positivity was defined as an HBV DNA
level greater than 0.7 Meg/mL at the end of follow-up.
The HBY DNA was quantified at the same time as the
HBV genotype and CP/PreC mutations were deter-
mined in sera of the end of follow-up,

Hepatitis B virus DNA amplification and
direct sequencing

Nucleic acids of HBV DNA were extracted from
100 pL of serum using a commercial kit (Smitest EX-R
& D Genome Science, Tokyo, Japan). The extracted
DNA was dissolved in 50 pL of H,O and amplified by
nested polymerase chain reaction (PCR)}. The HBV
DNA sequences were amplified using the following
nested primers. The outer primers were 5-GTCTGT
GCCTTCTCATCTGC-3' at nt position 1551-1570
and 5-AGCTGGAGGAGTGCGAATCC-3' at nt
position 2274-2203, The inner primers were 5-TCG
CATGGAGACCACCGTGA-3 at nt position 1604-
1623 and 5-AGAATAGCTTGCCTGAGTGC-3 at
nt position 2059-78. The PCR products were subjected
to a direct sequencing reaction using an ABI 310 auto-
mated sequencer (Perkin-Elmer Applied Biosystems,
Foster City, CA, USA). A CP region mutation was des-
ignated when regions nt 1762 and 1764 were T and A,

H Nakashima et al.

and the wild type was designated when the same region
was A and G by direct sequencing. A PreC region muta-
tion was designated when nt 1896 was G and the wild
type was designated when the same region was A by
direct sequencing,

Statistical analysis

Age and follow-up period were expressed as the
mean * standard deviation (SD). The HBYV DNA level
was expressed as the mean £ standard error (SE). The
chi-squared test or Fisher’s exact test was used for cat-
egorical variables for comparisons between the two
groups. For all tests, a Pvalue under 0.05 was consid-
ered to have statistical significance.

RESULTS

Relationship between hepatitis B virus
(HBYV) genotypes, clinical status and
HBY markers

The 42 genotype B patients were classified as 35
(83.3%) ASC, 7 (16.7%) CH and none LC and/or
HCC, whereas 87 genotype C patients comprised 3
(3.4%) ASC, 48 (55.2%) CH and 36 (41.4%) LC and/
or HCC (Table 2). The classification of ASC was sig-
nificantly more often observed in genotype B patients
than in genotype C patients (P < 0.0001), whereas CH
and L.C and/or HCC were more often observed in gen-
otype C patients than in genotype B patients (both
P < 0.0001). Progressive liver deterioration was more
common in genotype C than B patients. At the start of
follow-up, 14 (33.3%) cases of HBeAg positivity were
found in 42 genotype B patients, while 47 (54.0%)
cases of HBeAg positivity were found in 87 genotype C
patients. At the end of follow-up, one (2.4%) case of
HBeAg positivity, three (7.1%) of HBV DNA positivity,
and five (11.9%) cases ALT abnormality were found in
42 genotype B patients, while 35 (40.2%) cases of
HBeAg positivity, 66 (75.9%) of HBV DNA posirtivity
and 62 (71.3%) cases of ALT abnormality were found
in 87 genotype C patients. Genotype C patients had sig-
nificantly higher rates of HBeAg and HBV DNA posi-
tivity and ALT abnormality than genotype B patients
(all P <0.0001).

Core promoter and precore mutations
classified by hepatitis B virus genotype

Table 2 shows the CP and PreC mutations classified by
HBYV genotype in 129 patients at the end of follow-up.
Among 42 genotype B patients, the wild type (92.9%)
was predominant in the CP region and the mutation
{88.1%) was predominant in the PreC region. How-
ever, among 87 genotype C patients, the mutation
(75.9%) was predominant in the CP region and the
mutation (66.7%) was predominant in the PreC region.
The mutation in the CP region was found significantly
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