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Table 2. Fatal and Nonfatal Events Among Older Japanese Patients With
Multiple Atherosclerotic Risk Factors Receiving Aspirin or No Aspirin
(Modified Intention-to-Treat Population)

Figure 2. Time to Primary End Point Composite Event® Among Older
Japanese Patients With Multiple Atherosclerotic Risk Factors Receiving
Aspirin vs No Aspirin (Modified Intention-to-Treat Population)
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death from cardiovascular causes, nonfatal stroke, and non-
fatal myocardial infarction (Table 2 and Figure 2). The esti-
mated HR for aspirin vs no aspirin was 0.94 (95% CI, 0.77-
1.15; P = .54). At 5 years after randomization, the cumulative
primary event rate was similar in participants in the aspirin
group (2.77% [95% CI, 2.40%-3.20%]) and those in the no
aspirin group (2.96% [95% CI, 2.58%-3.40%]). Overall, few
deaths from cardiovascular causes or nonfatal stroke or
myocardial infarction were reported with aspirin (n = 193) or
no aspirin (n = 207) (Table 2).

Assessment of the primary end point in subgroups of
patients defined by the presence or absence of 8 different
disease or demographic risk factors (hypertension, dyslipid-
emia, diabetes mellitus, male sex, aged at least 70 years,
body mass index [BMI, calculated as weight in kilograms
divided by height in meters squared] of 25 or higher, smok-
ing, or family history of premature cardiovascular disease)
did not reveal significant differences between study groups;
detailed results from these subgroup analyses are reported
in Figure 3.

Regression analyses indicated that the risk of a primary
end point event was higher in patients 70 years or older vs
those younger than 70 years (parameter estimate, 0.92; HR,
2.51 [95% CI, 2.00-3.14]; P < .001), in patients with diabetes
mellitus vs those without diabetes mellitus (parameter esti-
mate, 0.52; HR, 1.68 [95% CI, 1.38-2.06]; P < .001), in
patients who were smoking vs nonsmoking (parameter esti-
mate, 0.53; HR, 1.70 [95% CI, 1.31-2.20]; P < .001), in men vs
women (parameter estimate, 0.34; HR, 1.41 [95% CI, 1.14-
1.74]; P = .002), and in patients with hypertension vs those
without hypertension (parameter estimate, 0.42; HR, 1.52
[95% CI, 1.10-2.09]; P = .01). The risk of a primary end point
event was not increased in patients with dyslipidemia vs
those without dyslipidemia (parameter estimate, 0.13; HR,
1.13 [95% CI, 0.91-1.42]; P = .27) or in patients with a BMI of
25 or higher vs those with a BMI lower than 25 (parameter
estimate, -0.13; HR, 0.88 [95% CI, 0.72-1.09]; P = .24). The
risk of a primary end point event was also not significantly
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HR indicates hazard ratio. The P value was determined using the log-rank test

stratified for underlying disease (hypertension, dyslipidemia, or diabetes). The

HRs were calculated using the Cox proportional hazards model.

2 Death from cardiovascular causes, nonfatal stroke (ischemic or hemorrhagic),
and nonfatal myocardial infarction.

lower with aspirin vs no aspirin, irrespective of whether
patients had a risk score lower than 4 (1.53% [95% CI, 1.14%-
2.05%] for aspirin vs 1.47% [95% CI, 1.08%-1.98%] for no
aspirin; HR, 1.09 [95% CI, 0.72-1.63]; P = .69) or a risk score
of 4 or higher (3.79% [95% CI, 3.21%-4.46%] for aspirin vs
4.19% [95% CI, 3.59%~4.90%] for no aspirin; HR, 0.90 [95%
CI, 0.72-1.13]; P = .35).

Secondary Outcomes

When TIA, angina pectoris, and arteriosclerotic disease
requiring surgery or intervention were added to the com-
posite primary end point, the difference between the aspirin
group (event rate, 4.00% [95% CI, 3.55%-4.50%]) and no
aspirin group (event rate, 4.59% [95% CI, 4.11%-5.13%])
remained nonsignificant (HR, 0.89 [95% CI, 0.75-1.04];
P = .14) (Figure 4). There were also no significant differ-
ences between the 2 study groups for time to any cause of
death (event rate, 4.29% [95% CI, 3.83%-4.82%] for aspirin
Vs 4.11% [95% CI, 3.66%-4.62%] for no aspirin; HR, 0.99
[95% CI, 0.85-1.17]; P = .93), death from cardiovascular dis-
ease (event rate, 0.86% [95% CI, 0.66%-1.12%] for aspirin vs
0.78% [95% CI, 0.60%-1.02%] for no aspirin; HR, 1.03 [95%
Cl, 0.71-1.48]; P = .89), death from causes other than cardio-
vascular disease (event rate, 3.46% [95% CI, 3.04%-3.94%)]
for aspirin vs 3.36% [95% CI, 2.94%-3.83%] for no aspirin;
HR, 0.99 [95% CI, 0.82-1.18]; P = .87), nonfatal cerebrovas-
cular disease (ischemic or hemorrhagic) (event rate, 1.65%
[95% CI, 1.37%-1.99%] for aspirin vs 1.64% [95% CI, 1.36%-
1.98%] for no aspirin; HR, 1.04 [95% CI, 0.80-1.34]; P = .78),
angina pectoris (event rate, 0.66% [95% CI, 0.49%-0.89%]
for aspirin vs 0.81% [95% CI, 0.61%-1.07%] for no aspirin;
HR, 0.86 [95% CI, 0.58-1.28]; P = .46), and arteriosclerotic
diseases requiring surgery or intervention (event rate, 1.08%
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Figure 3. Hazard Ratios for Aspirin vs No Aspirin and Event Rates for the Primary Composite Outcome Measure® Among Older Japanese Patients With
Multiple Atherosclerotic Risk Factors (Modified Intention-to-Treat Population)
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BMI indicates body mass index (calculated as weight in kilograms divided by
height in meters squared). Data shown for the overall population and for
subgroups defined by disease risk factor and by patient characteristics.

The P values were determined using the log-rank test stratified for underlying
disease (hypertension, dyslipidemia, or diabetes). Hazard ratios were calculated
using the Cox proportional hazards model.

2 Death from cardiovascular causes, nonfatal stroke (ischemic or hemorrhagic),
and nonfatal myocardial infarction.

b History of premature cardiovascular disease.

[95% CI, 0.86%-1.36%] for aspirin vs 1.24% [95% CI, 0.99%-
1.55%] for no aspirin; HR, 0.89 [95% CI, 0.65-1.21]; P = .46)
(Figure 4). However, compared with no aspirin, aspirin sig-
nificantly reduced the risk of nonfatal myocardial infarction
(event rate, 0.30% [95% CI, 0.19%-0.47%] for aspirin vs
0.58% [95% CI, 0.42%-0.81%] for no aspirin; HR, 0.53 [95%
CI, 0.31-0.91]; P = .02) and TIA (event rate, 0.26% [95% CI,
0.16%-0.42%] for aspirin vs 0.49% [95% CI, 0.35%-0.69%]
for no aspirin; HR, 0.57 [95% CI, 0.32-0.99]; P = .04). Con-
versely, the risk of extracranial hemorrhage requiring trans-
fusion or hospitalization was higher with aspirin than with
no aspirin (event rate, 0.86% [95% CI, 0.67%-1.11%] for aspi-
rin vs 0.51% [95% CI, 0.37%-0.72%] for no aspirin; HR, 1.85
[95% CI, 1.22-2.81]; P = .004).

Exploratory Analysis

A post hoc exploratory analysis was conducted at the time of
study discontinuation (1 year after the second interim analy-
sis) when 400 primary end point events had occurred. It
showed that the predictive probability of reaching a signifi-
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cant difference in favor of aspirin over no aspirin was 28%
if the study had continued until it was adequately powered
(ie, 624 events had occurred).

Safety and Tolerability

Analysis of gastrointestinal adverse events of interest indi-
cated that these events were reported in a higher proportion
of patients receiving daily low-dose aspirin than in those not
receiving aspirin (Table 3).

fooe s
Discussion

This study was designed to assess whether primary preven-
tion with once-daily, low-dose aspirin would reduce the
combined risk of death from cardiovascular causes, nonfatal
stroke, and nonfatal myocardial infarction in Japanese
patients (aged =60 years) with hypertension, dyslipidemia,
or diabetes mellitus. The study was terminated early based
on a futility assessment, but an exploratory analysis sug-
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Figure 4. Hazard Ratios for Aspirin vs No Aspirin and Event Rates for Secondary End Points Among Older Japanese Patients With Multiple

Atherosclerotic Risk Factors (Modified Intention-to-Treat Population)
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Data shown for the overall population. The Pvalues were determined using the
log-rank test stratified for underlying disease (hypertension, dyslipidemia, or diabe-
tes). Hazard ratios were calculated using the Cox proportional hazards model.

2 Death from cardiovascular causes, nonfatal stroke (ischemic or hemorrhagic),
and nonfatal myocardial infarction.

5 Death from cardiovascular causes, nonfatal stroke (ischemic or hemorrhagic),
nonfatal myocardial infarction, transient ischemic attack, angina pectoris, and
arteriosclerotic disease requiring surgery or intervention.

Table 3. Incidence of Prespecified Gastrointestinal Adverse Events Among Older Japanese Patients With Muitiple Atherosclerotic Risk Factors

Receiving Aspirin or No Aspirin (Randomized Population)

 No.cpIs%Cl

Aspirin “No Aspirin e
Ghaiiamm (n=7323) (n=7335) . PValue
Stomach/abdominal discomfort 335 (4.57) [4.11-5.08] 175 (2.39) [2.05-2.76] <001
Heartb‘ur'n, S : : 202 (2.76) [2.40-3.16] 137 (1.87) [1.57-2.20] = <.001 -
Gastroduodenal ulcer 191 (2.61)[2.26-3.00] 91 (1.24)[1.00-1.52] <001
Stomach/abdominal pain 168 (2.29) [1.96-2.66] 7 81(1.10):[0.88-1.37] <.001

125(1.70) [1.42-2.03] = 04

Reflux esophagitis © B - 160(2.18) [1.86-2.55] :
Gastrointestinal hemorrhage © 103 (1.41) [1.15-1.70] 31 (0.42) [0.29-0.60] <.001
Erosive gastritis - 89 (1.22) [0.98-1.49] - - 40(0.55) [0.39-0.74] <001
Nausea , - 79(1.08)[0.85-1.34] 50 (0.68) [0.51-0.90] 01
Stomach/abdominal pressure 31 (0.42) [0.29-0.60] 21(0.29) [0.18-0.44] 17

gested a 28% probability of finding a significant difference
in favor of aspirin had the study been continued through
the planned number of events. Therefore, there remains a
possibility that the statistically nonsignificant reduction in
the risk of death from cardiovascular causes, nonfatal
stroke, and nonfatal myocardial infarction was due to the
study being inadequately powered, rather than an absence
of beneficial effect of aspirin. However, even if the result
had become statistically significant through prolongation of
the study, the clinical importance of aspirin in the primary
prevention of cardiovascular events would have been
less than originally assumed. Therefore, it appears that aspi-
rin is unlikely to show a clinically important benefit in
the overall population included in this study. We plan to

jama.com

conduct further analyses to establish whether aspirin had
beneficial effects in particular subgroups of patients
or if there were beneficial effects with respect to cancer pre-
vention.

Study limitations need to be considered. Assessments of
between-group differences in any end point in this study
were confounded by a decreasing level of adherence with
daily low-dose aspirin in the aspirin group (dropping to 76%
in year 5) and increasing uptake of daily aspirin in the no
aspirin group (reaching 10% in year 5). In addition, the num-
ber of patients lost to follow-up could be considered a limi-
tation of large trials conducted in a real-world setting. How-
ever, use of Kaplan-Meier time-to-event analyses limits the
effect of missing data, and the proportion of patients lost to
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follow-up in this study (10.5%) was consistent with that
reported for an earlier Japanese study (7.6%) with a similar
design, but a shorter follow-up period.?* This earlier study,
the Japanese Primary Prevention of Atherosclerosis with
Aspirin for Diabetes (JPAD) study?# among patients with
type 2 diabetes, also had lower than planned power
(because of low event rates). It is possible that the low inci-
dence of fatal and nonfatal cardiovascular events is due to
the characteristics of Japanese patients. Compared with
other relevant studies (eg, JPAD, the Prevention of Progres-
sion of Arterial Disease and Diabetes [POPADAD] study,?®
and the Aspirin for Asymptomatic Atherosclerosis Trial
[AAAT]?®), baseline characteristics in the JPPP study are
broadly similar, except for an apparent lower prevalence of
current smoking in JPPP (13.1% in JPPP vs 21%-32% in the
other studies) and a lower mean BMI compared with
POPADAD (24.2 in JPPP vs 28.7-29.2 in POPADAD), although
this is likely to reflect a Japanese population compared with
a Western population, because BMI was similar in JPPP and
IPAD.25’26

The PROBE study design could be considered a limita-
tion, because it does not have all the advantages of a double-
blind, randomized, placebo-controlled trial. However, adju-
dication of end points was performed centrally by an expert
committee blinded to treatment assignments. The PROBE de-
sign does not control for lack of ascertainment.

Because the study participants were unblinded, it is pos-
sible that patients receiving aspirin were more likely to report
adverse events believed to be related to aspirin treatment than
those not receiving treatment. In addition, it is possible that
enrollment in the study led to patients having more physi-
cian contact, resulting in better control of risk factors than the
general population; if so, this might account for the low ob-
served event rates.

It is likely that some deaths occurred among participants
lost to follow-up. However, the potential effect of this under-
ascertainment on the study outcomes is likely to be small. Simi-
larly, although exclusion of nonadherent persons after ran-
domization could have biased the findings away from the null
(in either direction), the magnitude of any such bias would be
expected to be small.

Hemorrhagic stroke is more common in Japanese popu-
lations than in Western populations.?” In this study, no in-
crease was observed in fatal hemorrhagic strokes (intracere-
bral and subarachnoid) for aspirin vs no aspirin. However, more
patients treated with aspirin had nonfatal intracerebral hem-
orrhage (23 patients) or subarachnoid hemorrhage (8 pa-
tients) than those not receiving aspirin (10 patients for nonfa-
tal intracerebral hemorrhage and 4 patients for subarachnoid
hemorrhage).
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More recent meta-analyses than the ATTC,* not using
patient-level data, also included studies completed since
2009 (JPAD, POPADAD, and AAAT)?%3° and suggested benefi-
cial effects for aspirin in the primary prevention of cardiovas-
cular events. In the meta-analysis performed by Raju and
colleagues,?® primary prevention with aspirin, compared
with nonuse of aspirin, was associated with a reduction in
all-cause mortality (relative risk [RR], 0.94 [95% CI, 0.88-
1.00]), myocardial infarction (composite of fatal and nonfatal;
RR, 0.83 [95% CI, 0.69-1.00]), ischemic stroke (RR, 0.86 [95%
CI, 0.75-0.98)), and the composite of myocardial infarction,
stroke, and cardiovascular death (RR, 0.88 [95% CI, 0.83-
0.94]). Bartolucci and colleagues?® reported in their meta-
analysis that aspirin significantly decreased the risk of total
cardiovascular events (odds ratio [OR], 0.87 [95% CI, 0.80-
0.93]; P = .001) and nonfatal myocardial infarction (OR, 0.81
[95% CI, 0.67-0.99]; P = .042), compared with no aspirin. In
the third meta-analysis, conducted by Seshasai and
colleagues,3° the association of aspirin (compared with no
aspirin) with a significant reduction in the risk of cardiovas-
cular events (OR, 0.90 [95% CI, 0.85-0.96]) was primarily
accounted for by a large reduction in the risk of nonfatal
myocardial infarction (OR, 0.80 [95% CI, 0.67-0.961). No
effect on fatal myocardial infarction was observed, but a
modest nonsignificant reduction was apparent for all-cause
mortality.

Despite inconsistent evidence for the benefit of aspirin
in primary prevention of cardiovascular events, the benefits
in secondary prevention are well documented, including in
Japanese patients.?*33 There is also a growing body of evi-
dence to suggest benefits for aspirin in the prevention of
colorectal and other cancers,?#-3> and the prevention of can-
cer recurrence, including in the Japanese population.3®
Reduction in the incidence of colorectal cancer may influ-
ence the overall benefit-risk profile of aspirin. Further analy-
ses of the JPPP study data are planned, including analysis of
deaths associated with cancers, to allow more precise identi-
fication of the patients for whom aspirin treatment may be
most beneficial. In addition, other primary prevention stud-
ies using aspirin, such as ARRIVE,3? ASCEND,3® ASPREE,3®
and ACCEPT-D,° are in progress; however, these are being
conducted in predominantly Western populations.

i snsenars el
Conclusions

Once-daily, low-dose aspirin did not significantly reduce the risk
of the composite outcome of cardiovascular death, nonfatal
stroke, and nonfatal myocardial infarction among Japanese pa-
tients 60 years or older with atherosclerotic risk factors.
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Risk of Hypercholesterolemia in Patients with Cardiovascular
Disease and the Population Attributable Fraction in a 24-year
Japanese Cohort Study
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Aims: The population-attributable fraction (PAF) is an indicator of the disease burden. In Western
countries, the PAF of hypercholesterolemia in cardiovascular disease (CVD) is the highest among
that for traditional risk factors; however, data for Asian populations are limited.

Methods: A 24-year cohort study was conducted among 9,209 randomly selected patients who were
not taking statins. We estimated the hazard ratio (HR) after adjusting for covariates and PAF associ-
ated with the serum total cholesterol (T'C) levels in relation to CVD mortality.

Results: The TC level was found to be positively associated with an increased risk of CVD, coronary
heart disease (CHD) and cardiac death (CHD plus heart failure), with an HR of 1.08 (95% confi-
dence interval [CI]: 1.00-1.16), 1.33 (95% CI: 1.14-1.55) and 1.21 (95% CI: 1.08-1.35) for a 1-SD
increment in the serum TC level, respectively. Similar positive associations between the TC level and
both CHD and cardiac death were observed after classifying the patients by age and sex. Further-
more, the highest serum TC level (26.72 mmol/L) was positively associated with CVD death, with
an HR of 1.76 (95% CI: 1.25-2.47), as well as both CHD death and cardiac death. In contrast, no
significant relationships were observed between the serum TC level and stroke. Meanwhile, the PAF
for CVD, CHD, and cardiac deaths due to hypercholesterolemia (serum TC level >5.69 mmol/L,
defined by the Japan Atherosclerosis Society) was 1.7%, 10.6% and 5.6%, respectively.

Conclusions: The estimated PAF of CVD death due to hypercholesterolemia is moderately high, but
lower than that for other risk factors, such as hypertension.

J Atheroscler Thromb, 2014; 21:000-000.

Key words: Total cholesterol, Cardiovascular disease, Population-attributable fraction, Cohort study,
NIPPON DATA80
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Introduction

Cardiovascular diseases (CVDs), such as coro-
nary heart disease (CHD), are common causes of
death in developed countries, including Japan?, and a
high serum total cholesterol (TC) level is an estab-
lished risk factor for CVD. The population attribut-
able fraction (PAF) is the proportional reduction in
mortality that would occur if the exposure to a risk
factor were to be reduced to an alternative ideal level,
a parameter that can be used in the management of
CVD patients. In studies from Western countries, the
PAF of CVD mortality due to hypercholesterolemia is
highest among that for traditional risk factors*®; how-
ever, evidence of this relationship in Asian countries,
including Japan, in which the CHD incidence is low,
is scarce”. Specifically, the effects of a high serum TC
level on the health of the general Japanese population
in the context of disease burden is unknown.

Several Japanese studies have estimated the PAF of
CVD death based on established CVD risk factors®?,
such as smoking and hypertension. However, to the
best of our knowledge, no observational studies with a
long-term follow-up period of >20 years estimating
the PAF for CVD death due to hypercholesterolemia
have been conducted in Japan or other Asian coun-
tries. We previously reported the relationship between
TC and CVD based on the findings of the National
Integrated Project for Prospective Observation of
Non-communicable Disease And its Trends in the
Aged, 1980 (NIPPON DATAS80), trial, with follow-
up examinations conducted at 14 and 19 years after
study initiation (until 1994 and 1999, respectively)®?.
However, we did not calculate the PAF of CVD
caused by hypercholesterolemia.

Therefore, in the current study, we investigated
the relationship between the serum TC level and mor-
tality due to CVD in the NIPPON DATA80 cohort
with a longer follow-up period than that used in the
former study® ” and estimated the PAF of death due
to CVD attributable to a high serum TC level.

Methods

Population
The subjects in this cohort were also participants
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of the National Survey on Circulation Disorders 1980.
A total of 10,546 residents 2 30 years of age from 300
randomly selected areas in Japan participated in the
follow-up study, the NIPPON DATASO, for a partici-
pation rate of 76.6% (10,546/13,771). The details of
the NIPPON DATAS80 study have been previously
reported®®. The subjects were followed up until
2004.

Of the 10,546 participants, a total of 1,337 were
excluded for the following reasons: a history of CHD
or stroke (7=280), missing information (7=186) and
the absence of a permanent address, which was needed
to link the patient to their vital statistical records (n=
871). We analyzed the remaining 9,209 participants
(4,029 men and 5,180 women). The data collected
from these participants were not influenced by the
effects of statins, as these drugs were not available at
the time of the survey. There were no significant dif-
ferences in the mean serum TC level between the par-
ticipants included in this study and those who did not
provide their address.

Endpoint Determination

As previously reported®'”, we confirmed which
participants died in each area using computer match-
ing of the area, sex, date of birth and death of the sub-
ject with data obtained from the National Vital Statis-
tics database. Information regarding the cause of
death, which was coded according to the Ninth Inter-
national Classification of Death (ICD-9) until the end
of 1994 and the Tenth International Classification of
Disease (ICD-10) from 1995 onward, was also
obtained from the National Vital Statistics database.
ICD-coding was carried out by specialists at the Min-
istry of Health and Welfare who were independent of
the NIPPON DATA research group. The details of
classification are described elsewhere®!V. We defined
all deaths due to CVD (ICD-9: 393-459/ICD-10: 100
to 199), CHD (ICD-9: 410-414/ICD-10: 120 to 125),
stroke (ICD-9: 430-438/ICD-10: 160 to 169) or cere-
bral infarction (ICD-9:433, 434 and 437.8a-8b/ICD-
10:163 and 169.3) as the primary endpoint. Further-
more, in the present study, we defined “cardiac death”
as death due to CHD or heart failure (HE ICD-9:
428/ICD-10: I50) and treated HF as a cause of death
among CHD survivors because HF is the final out-
come of CHD. The use of the National Vital Statistics
data was permitted by the Management and Coordi-
nation Agency, Japan. Approval for this study was
obtained from the Institutional Review Board of Shiga
University of Medical Science (Nos. 12-18, 2000).

9-15)
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Table 1. Patient characteristics recorded during the baseline survey in 1980, NIPPON DATAS80

Baseline serum total cholesterol level (mmol/L)

<4.14 414465 4.66-5.17 5.18568 5.69-620 6.21-6.71 6.72-

p-values™

Women
No. of paticipants 951 1183 1142 925 527 275 177
Age (years, mean = SD) 447%129 47.3+13.0 50.6+12.8 53.1%12.9 54.8=12.0 56.3+11.5 57.0%11.7 <0.001
Albumin (g/dL, mean = SD) 43%0.2 43%02 4403 44%02 4402 44x03 44%02 <0.001
BMI (kg/m?, mean *SD) 22.1%3.1 224=%32 228*34 233%35 236%34 238+33 24340 <0.001

Hypertension (%) 29.0% 35.2% 41.2% 50.7% 59.2% 60.7% 61.6%  <0.001

Diabetes (%) 1.1% 2.0% 1.8% 4.1% 2.8% 6.5% 5.1% <0.001

Current smoker (%) 7.9% 7.9% 10.1% 9.2% 11.0% 5.5% 9.0% 0.07

Heavy smoker (%) (>20 cigaretts/day) 0.7% 0.3% 0.8% 0.6% 1.5% 0.7% 0.6% 0.29

Daily drinker (%) 3.2% 2.6% 3.0% 2.7% 3.2% 1.8% 2.8% 0.92
Men

No.of paticipants 848 999 936 648 354 167 77

51.0=14.0 50.0+134 49.3%13.1 48.8+12.6 48.9%11.8 502122 49.5+109 0.04
4303 44%03 44%03 45%03 4503 4603 4603 <0.001
21.6+2.7 220+28 22.6*28 232%29 235+27 239+28 242%25 <0.001

Age (years, mean = SD)
Albumin (g/dL, mean = SD)
BMI (kg/m?, mean £SD)

Hypertension (%) 47.2% 47.5% 52.6% 53.1% 58.5% 58.7% 87.0%  <0.001
Diabetes (%) 3.7% 3.8% 5.4% 6.2% 7.6% 7.8% 104%  <0.01
Current smoker (%) 66.9% 66.4% 63.9% 56.3% 59.3% 57.5% 54.5% <0.001
Heavy smoker (%) (>20 cigaretts/day) ~ 21.1% 24.6% 25.0% 23.3% 30.5% 29.3% 28.6% 0.02
Daily drinker (%) 46.5% 49.4% 48.9% 49.4% 48.3% 36.5% 50.6% 0.02

SD: standard deviation

Analysis of variance for continuous variables, chi-square test for categorical variables

Baseline Examinations

The baseline surveys were conducted at public
health centers using criteria from a standardized man-
ual. Non-fasting blood samples were drawn and cen-
trifuged within 60 minutes of collection and stored at
—707C until the analyses. As previously reported, the
serum TC and albumin levels were analyzed at a single
central laboratory (present name: Osaka Medical Cen-
ter for Health Science and Promotion) using an auto-
analyzer (SMA12/60; Technicon, Tarrytown, USA).
Since April 1975, the precision and accuracy of the
cholesterol measurements obtained in this laboratory
have been certified by the CDC-NHLBI Lipid Stan-
dardization Program of the Center for Diseases Con-
trol and Prevention'®. Trained research nurses mea-
sured the blood pressure of the seated subject using a
standard mercury sphygmomanometer on the right
arm after five minutes of rest. Hypertension was
defined as a systolic blood pressure of 2140 mmHg,
diastolic blood pressure of 290 mmHg, use of antihy-
pertensive drugs, history of hypertension or any com-
bination of these findings. The serum glucose level
was measured using the cupric-neocuproine method.
Since the serum glucose level is more commonly mea-

sured using the hexokinase method, this parameter
was adjusted using the following formula: [0.047 x
(glucose concentration in mg/dL)-0.541]". Diabe-
tes was defined as a non-fasting serum glucose level of
>11.1 mmol/L, history of diabetes or both. Height in
stocking feet and weight in light clothing were mea-
sured. Questionnaires responses regarding smoking
and drinking habits and medical history were analyzed
by public health nurses.

Statistical Analysis

The serum TC levels were categorized into the
following seven categories: <4.14, 4.14-4.65, 4.66-
5.16, 5.17-5.68, 5.69-6.20, 6.21-6.71 and >6.72
mmol/L. The participants with a serum TC level of
4.14-4.65 mmol/L formed the reference group. These
categories were determined based on the results of our
previous study, which provided key evidence for the
guidelines for the diagnosis and prevention of athero-
sclerosis and CVD in the Japanese population issued
by the Japan Atherosclerosis Society (JAS)®. Cox pro-
portional hazard models were used to estimate the rel-
ative risk as the hazard ratio (HR) for death due to
CVD according to one standard deviation (SD), i.e., a
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Table 2. Number of deaths and multivariable-adjusted HRs for CVD, CHD, cardiac death, stroke and cerebral infarction during
the 24-year follow-up period

1SD increment of serum TC Category of baseline serum TC level (mmol/L)

(per 0.87 mmol/L increment) <414  4.14-4.65 4.66-5.17 5.18-5.68 5.69-620 621-6.71  6.72-

No of Persons 9209 1799 2182 2078 1573 881 442 254
Person-Years 193021.5 37099.5  46260.5  43685.5  33025.5 18612.5 9199 5139
CVD

No deaths 884 152 189 181 169 101 48 44

HR 1.08 1.04 1.00 1.03 1.15 1.06 1.00 1.76

95%CI 1.00-1.16 0.84-1.30 - 0.84-1.26 0.93-1.43 0.83-1.36 0.73-1.39 1.25-2.47
CHD

No deaths 172 23 34 28 36 24 11 16

HR 1.33 0.87 1.00 0.89 1.42 1.39 1.25 3.52

95%CI 1.14-1.55 0.51-1.48 - 0.54-1.47 0.87-2.31 0.81-2.39 0.62-2.51 1.89-6.57
Cardiac Death

No deaths 348 52 69 72 68 42 22 23

HR 1.21 0.99 1.00 1.16 1.35 1.25 1.33 2.68

95%CI 1.08-1.35 0.68-1.42 - 0.83-1.62 0.95-1.91 0.84-1.86 0.81-2.17 1.64-4.38
Stroke

No deaths 411 72 94 81 82 48 18 16

HR 1.01 0.99 1.00 0.90 1.08 1.00 0.74 1.25

95%CI 0.90-1.12 0.72-1.34 - 0.67-1.22 0.79-1.47 0.70-1.43 0.44-1.24 0.73-2.15
Cerebral infarction

No deaths 241 40 59 45 48 35 8 6

HR 1.02 0.83 1.00 0.84 1.03 1.20 0.55 0.81

95%ClI 0.89-1.18 0.55-1.25 - 0.57-1.25 0.69-1.54 0.77-1.85 0.26-1.16 0.35-1.92

SD: standard deviation, HR: hazard ratio, 95% CI: 95% confidence interval, CVD: cardiovascular disease, CHD: coronary heart disease, HF: heart
failure
The HRs were adjusted according to age, sex, the serum albumin level, body mass index, hypertension, diabetes, smoking status and drinking status.

0.87 mmol/L increment in the baseline serum TC CHD and cardiac death. In addition, multivariable
level. We evaluated the HRs for total CVD, CHD, HRs were calculated following the classification of the
cardiac death, stroke and cerebral infarction. In the subjects into the following groups: age (<65 or 265
Cox regression model, age, serum albumin, body mass years), sex, hypertension, current smoking and BMI
index (BMI), hypertension, diabetes, smoking status (<25 or 225 kg/m?).

(never-smoker as the reference, ex-smoker, current The PAFs of CVD, CHD and cardiac death were
smoker <20 and smoker >20 cigarettes/day) and calculated using the formula below'®:

drinking status (never-drinker as the reference, ex- . . )
& ( i [Proportion of cases exposed to risk factor x (Adjusted

drinker, occasional drinker and daily drinker) were .
adjusted. We also estimated the HRs according to a HR-1)/Adjusted HR].

Cox model assessing the serum TC level with refer- The PAFs for the TC categories 25.69 mmol/L
ence to the seven categories described above. Violation (according to the definition of “hypercholesterolemia”
of the proportional hazard assumption was deter- provided by the JAS)' and 26.21 mmol/L (according
mined using Schoenfeld residuals. Tests for interac- to the definition provided by the adult treatment
tions between sex, age (<65 or 265 years), hyperten- panel II by the National Cholesterol Education Pro-
sion, current smoking and BMI (<25 or 225 kg/m?) gram, United States: ATP II) were estimated as the
were conducted with an interaction term generated by excess death fractions due to a high TC level. We
multiplying the continuous serum TC level by the car- recalculated the adjusted HR for each hypercholester-
diovascular risk factors described above. Tests for olemia case in order to estimate the PAFs.

interactions were performed for death due to CVD, All statistical analyses were performed using the
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Table 3. The multivariable-adjusted HRs for CVD, CHD and cardiac death, classified according to age and sex, over the 24-year

follow-up period
A Age
No of Person- CVD CHD Cardiac Death
Age <65 years old Persons  years
No deaths HR  95%CI No deaths HR  95%CI No deaths HR  95%CI
1D increment of 7713 172219 363  1.09 0.98-1.22 83 129 1.04-1.61 132 122 1.03-146
serum total cholesterol
Category of baseline serum total cholesterol level (mmol/L)
<4.14 1527 33848 60 1.04 0.75-1.46 12 1.05 0.49-2.23 19 1.04 0.57-1.88
4.14-4.65 1856 41724 79 1.00 16 1.00 26 1.00
4.66-5.17 1751 39145 635 0.79 0.57-1.10 10 0.60 0.27-1.33 22 0.82 0.46-1.45
5.18-5.68 1302 29144 73 1.20 0.86-1.66 18 1.36 0.68-2.73 26 1.28 0.73-2.25
5.69-6.20 724 16092 48 1.21 0.83-1.75 14 1.54 0.73-3.23 22 1.60 0.89-2.88
6.21-6.71 353 7897 19 0.88 0.52-1.47 5 0.99 0.35-2.79 8 1.06 0.47-2.42
6.72- 200 4369 19 1.63 0.97-2.74 8 3.00 1.23-7.35 9 222 1.01-4.89
No of Person- CVD CHD Cardiac Death
Age >=65 years old Persons  years
No deaths HR  95%CI No deaths HR  95%CI Nodeaths HR  95%CI
1SD increment of 1496 20803 521  1.06 0.96-1.16 89 132 105165 216 117 1.01-136
serum total cholesterol
Category of baseline serum total cholesterol level (mmol/L)
<4.14 272 3252 92 1.13 0.85-1.50 11 0.80 0.37-1.74 33 1.03 0.65-1.65
4.14-4.65 326 4537 110 1.00 18 1.00 43 1.00
4.66-5.17 327 4541 116 1.25 0.95-1.63 18 1.22 0.63-2.38 50 1.41 0.93-2.14
5.18-5.68 271 3882 96 1.15 0.87-1.54 18 1.46 0.73-2.93 42 1.38 0.88-2.16
5.69-6.20 157 2521 53 0.98 0.70-1.37 10 1.15 0.52-2.55 20 0.98 0.57-1.70
6.21-6.71 89 1302 29 1.16 0.76-1.77 6 1.63 0.63-4.25 14 1.61 0.86-2.99
6.72- 54 770 25 1.92 1.23-3.02 8 3.93 1.62-9.52 14 2.96 1.58-5.57

R version 2.15 software program (R Foundation for
Statistical Computing, Vienna, Austria). All confi-
dence intervals (Cls) were estimated at the 95% level,
and statistical significance was defined as a p value of
<0.05.

Restults

The means and prevalence of the baseline charac-
teristics of all subjects in each TC category based on
sex are summarized in Table 1. The mean serum TC
level was 4.88+0.87 mmol/L overall (mean=SD),
4.93+0.88 mmol/L in women and 4.81 +0.85 mmol/
L in men. The mean age of the subjects in this study
was 50.0+13.2 years overall, 50.1+13.3 years in
women and 49.7+13.1 years in men. Age, the serum
albumin level, BMI and the prevalence of hyperten-
sion and diabetes were statistically different in each
TC category for both sexes, whereas the proportion of
current smokers and drinkers was significantly differ-

ent among the TC categories only in men.

The total person-years were 193,022 years and
the mean follow-up period was 21.0+5.8 years
(mean = SD). During the follow-up period, there were
2,566 total deaths (1,365 men and 1,201 women),
with 884 deaths due to CVD (34%), including 172
deaths due to CHD (7%), 176 deaths due to heart
failure (7%) and 411 deaths due to stroke (16%). The
deaths due to stroke also included 241 cerebral infarc-
tion-related deaths (9%).

The number of deaths, person-years and multi-
variable adjusted HRs for the CVD-related deaths
according to a 1-SD increment in the serum TC level
and the seven TC level categories in all subjects are
summarized in Table 2. Consequently, a 1-SD incre-
ment in the serum TC level was found to be positively
associated with an increased risk of CVD death (HR:
1.08, 95% CI: 1.00-1.16). The positive relationships
between a 1-SD increment in the serum TC level and
an increased risk of CHD death and cardiac death
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B. Sex

No of Person- CVD

CHD Cardiac Death

Women

Persons  years No deaths HR  95%CI

No deaths HR  95%CI No deaths HR  95%CI

1SD increment of
serum total cholesterol

Category of bascline serum total cholesterol level (mmol/L)

5180 111018 449 1.06 0.96-1.17 86 1.23 0.99-1.53 187 1.18 1.02-1.37

<4.14 951 20689 56 1.24 0.88-1.75 10 1.05 0.47-2.35 22 1.27 0.73-2.20
4.14-4.65 1183 25878 81 1.00 16 1.00 32 1.00

4.66-5.17 1142 24431 88 0.94 0.70-1.28 12 0.67 0.32-1.44 35 1.00 0.62-1.62
5.18-5.68 925 19585 100 1.05 0.78-1.41 21 1.19 0.61-2.31 42 1.20 0.75-1.93
5.69-6.20 527 11164 63 1.03 0.74-1.45 12 1.05 0.49-2.25 26 1.20 0.71-2.03
6.21-6.71 275 5752 28 0.92 0.59-1.43 3 0.51 0.15-1.79 12 1.15 0.58-2.27
6.72- 177 3521 33 1.76 1.16-2.67 12 3.48 1.60-7.58 18 2.79 1.54-5.06

CVD CHD Cardiac Death

No of Person-

Men

Persons  years  Ng deaths HR ~ 95%CI

No deaths HR  95%CI No deaths HR  95%CI

1SD increment of
serum total cholesterol

Category of baseline serum total cholesterol level (mmol/L)

4029 82004 435 1.08 0.97-1.20 86 1.37 1.11-1.71 161 1.19 1.01-1.40

<4.14 848 16411 96 1.02 0.77-1.35 13 0.91 0.44-1.87 30 0.97 0.59-1.58
4.14-4.65 999 20383 108 1.00 18 1.00 37 1.00

4.66-5.17 936 19255 93 1.10 0.83-1.46 16 1.07 0.54-2.11 37 1.28 0.81-2.03
5.18-5.68 648 13441 69 1.32 0.97-1.81 15 1.63 0.80-3.32 26 1.52 0.91-2.56
5.69-6.20 354 7449 38 1.09 0.74-1.59 12 1.73 0.81-3.67 16 1.25 0.69-2.29
6.21-6.71 167 3447 20 1.16 0.72-1.89 8 2.41 1.02-5.69 10 1.71 0.84-3.50
6.72- 77 1619 11 1.65 0.88-3.11 4 2.83 0.92-8.71 5 2.14 0.82-5.57

SD: standard deviation, HR: hazard ratio, 95% CI: 95% confidence interval, CVD: cardiovascular disease, CHD: coronary heart disease, HF: heart

failure

The HRs were adjusted based on the following factors:

A. age, sex, the serum albumin level, body mass index, hypertension, diabetes, smoking status and drinking status
B. age, the serum albumin level, body mass index, hypertension, diabetes, smoking status and drinking status

were also noted. The HRs for CHD and cardiac death
were 1.33 (95% CI: 1.14-1.55) and 1.21 (95% CI:
1.08-1.35), respectively. Alternatively, deaths due to
stroke and cerebral infarction were not associated with
a 1-SD increment in the serum TC level. In the analy-
ses of the seven TC level categories, we found a posi-
tive association between the highest TC level category
and an increased risk of CVD death (HR: 1.76, 95%
CI: 1.25-2.47). An increased risk of CHD death and
cardiac death was also observed in the highest TC level
category. The HR was 3.52 (95% CI: 1.89-6.57) for
CHD death and 2.68 (95% CI: 1.64-4.38) for cardiac
death. Meanwhile, death due to stroke and/or cerebral
infarction was not associated with any TC level cate-
gory. There were no significant violations of the pro-
portional hazard assumption in these models.

The results obtained after classifying the subjects

by age and sex are summarized in Table 3. The rela-
tionship between a 1-SD increment in the serum TC
level and death due to CHD and/or cardiac death was
very similar to that observed in the overall analysis.
Specifically, we showed that a 1-SD increment in the
serum TC level was positively associated with cardiac
death in both age categories (<65 or 265 years) and
sexes (women and men). There were no interactions
with age or sex in the associations between the TC
level and each endpoint, i.e., CVD, CHD and cardiac
death. In Table 4, we present the multivariable HRs
obtained after stratifying the patients by other risk fac-
tors, including bypertension, smoking and BMI. The
results of these analyses were similar to those of the
over analysis and the analyses performed following
classification based on age or sex. There were no inter-
actions with hypertension or BMI in the associations
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