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Aim: Lifetime risk (LTR) is a measure of disease burden, which presents the probability of occurrence of a spe-
cific disease in the remaining lifetime of a group of people for a given index age. This measure is useful for pre-
senting the risk dynamics of a disease at the population level, which constitutes important public health informa-
tion toward prevention. To date, there have been no studies investigating the LTR for coronary heart diseases 
(CHDs) in relation to hypercholesterolemia in Asian populations. Therefore, we estimated the LTR of CHDs 
according to serum low-density lipoprotein cholesterol (LDL-C).

Methods: The participants included in this study were 2,559 men and 2,848 women, enrolled in the Suita 
Cohort Study of urban residents followed up from 1989 to 2007 for a total of 69,823 person-years. We estimated 
the sex- and index-age-specific LTR for the first CHD event among participants with or without hypercholester-
olemia (LDL-C ≥ 160 mg/dL), accounting for the competing risk for mortality. 

Results: For men with hypercholesterolemia, the LTR was 47.2% (95% confidence interval [CI]: 29.3–65.1%) 
and 44.5% (95% CI: 21.4–68.5%) for those aged 45 and 75, respectively. The LTRs of women with hypercho-
lesterolemia were also higher than of those without hypercholesterolemia. However, their LTRs were lower for all 
index ages compared to men. These results did not differ for hypercholesterolemia defined by non-high-density 
lipoprotein cholesterol.

Conclusions: The presence of hypercholesterolemia increases the LTR for CHDs in the Japanese population, 
especially in men. This estimate can be used in preventive knowledge translation efforts at the population level.

emia, in several studies, an increasing trend of CHDs 
has been reported in Japan5-8). Additionally, the bur-
den of CHDs is expected to be much larger because of 
the increasing aging population in Japan9). Therefore, 
prevention of CHDs in Japan is imperative for public 
health programs. One of the major modifiable risk 
factors that can be targeted for the reduction of the 

Introduction

The incidence of and mortality resulting from 
coronary heart diseases (CHDs) in Japan are lower 
than those reported in western countries1-4). However, 
owing to changes in the lifestyles and worsening of the 
cardiovascular risk factors, including hypercholesterol-
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Informed consent was obtained from all participants 
at the baseline examination, and the collected data 
were anonymized.

Baseline Examination
Blood samples were collected from the study par-

ticipants after fasting for at least 10 h. These samples 
were immediately centrifuged after sampling, and rou-
tine blood examinations were performed, including 
investigation of serum TC, high-density lipoprotein 
cholesterol (HDL-C), triglyceride, and glucose levels. 
Low-density lipoprotein cholesterol (LDL-C) was esti-
mated using the Friedewald formula, and serum 
LDL-C ≥ 160 mg/dL (4.14 mmol/L) was defined as 
high LDL-C according to the NCEP/ATP-III crite-
ria21). Non-HDL-C was calculated by subtracting 
HDL-C from TC, and high serum non-HDL-C ≥ 
190 mg/dL (4.91 mmol/L) was defined as high non-
HDL-C. Blood pressure was measured in triplicate by 
well-trained physicians using a standard mercury 
sphygmomanometer. Measurements were performed 
on the subjects’ right arms after 5 min of rest in the 
seated position. The average of the second and the 
third measurements recorded more than 1 min apart 
was used22). Hypertension was defined as systolic 
blood pressure ≥ 140 mmHg and/or diastolic blood 
pressure ≥ 90 mmHg and/or the use of antihyperten-
sive agents. Diabetes was defined as fasting serum glu-
cose ≥ 126 mg/dL (7.0 mmol/L) and/or the use of 
antidiabetic agents.

Endpoint Determination
The details of the endpoint ascertainment for the 

Suita Cohort Study have been reported elsewhere23-25). 
The first step of the survey for CHDs involved check-
ing the health status of all the participants by repeated 
clinical visits every two years and thereafter by yearly 
questionnaires sent by mail or conducted over the 
telephone. The second step involved reviewing the in-
hospital medical records of the participants who were 
suspected to have new-onset CHDs or those who died 
because of any CHD. Reviews were performed by reg-
istered hospital physicians or research physicians who 
were blinded to the baseline information. Definite and 
probable acute myocardial infarction were defined 
according to the criteria of the Monitoring Trends and 
Determinants in Cardiovascular Disease (MONICA) 
project26-28). Comprehensive systematic searches of 
death certificates were also performed in order to 
complete the surveillance for acute myocardial infarc-
tion. In addition to acute myocardial infarction, the 
criteria for diagnosing a CHD included sudden car-
diac death within 24 h after the onset of acute symp-
toms and CHD followed by coronary bypass or angi-

CHD risk is serum lipid profile or hypercholesterol-
emia.

The positive association between hypercholester-
olemia and CHDs in the general Japanese population 
has already been described in detail in previous publi-
cations9-11), and it was found in these studies that ele-
vated serum total cholesterol (TC) significantly 
increased the rate of death due to CHDs. These find-
ings were incorporated in the 10-year CHD death risk 
charts that were used in the Japan Atherosclerosis 
Society (JAS) guidelines12-14). However, younger peo-
ple showed an extremely lower absolute risk compared 
to the absolute risk of older people  by using these risk 
chart which predict CHD death risk with relatively 
shorter span. The estimation of lifetime risk (LTR), a 
risk projection method that accounts for the longer 
residual life span, provides a perspective that can com-
plement the shorter duration risk estimation with 
long-term risk estimates for a better understanding of 
the disease burden15, 16). Moreover, the effect of hyper-
cholesterolemia on the LTR of CHDs for any Asian 
population has not been reported. 

Aim

The aim of this study was to estimate the influ-
ence of hypercholesterolemia on short- and intermedi-
ate-term risk as well as the LTR for CHDs based upon 
an urban cohort in Japan.

Methods

Study Sample
The Suita Cohort Study, which was established 

in 1989, is a cohort study for cardiovascular diseases 
in the city of Suita, Osaka Prefecture, Japan. The par-
ticipants of this study were randomly selected from a 
population aged between 30 and 79. Residents were 
stratified by sex and age (10-year increments), and the 
overall participation rate was 53.2%. The details of 
this study have been described in detail in previous 
publications17-20). Overall, 6,483 men and women par-
ticipated in the baseline survey at the National Car-
diovascular Center between September 1989 and 
March 1994. For this analysis, participants with the 
following issues were excluded: lack of baseline infor-
mation or loss to follow-up (n=602), nonfasting 
blood sampling (n=280), taking lipid-lowering drugs 
(n=120), having a history of CHD (n=42), and miss-
ing information on serum lipid profile (n=32). In 
total, 2,559 men and 2,848 women were included in 
this study (Fig.1).

The Institutional Review Board of the National 
Cardiovascular Center approved this cohort study. 
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ation when formulating the population at risk for each 
index age. Sex-specific 10-, 20-, 30-, and 40-year risks 
and the LTR for CHD by LDL-C or non-HDL-C 
categories were estimated for CHD-free participants 
at different index ages. Estimates were calculated using 
a modified survival analysis technique, as previously 
reported33, 34). We also performed a sensitivity analysis 
with high LDL-C defined as ≥ 140 mg/dL. All statisti-
cal analyses were performed using SAS version 9.4 
(SAS Institute, Cary, NC, USA).

Results

Table 1 shows the characteristics of the partici-
pants stratified by LDL-C levels at baseline. At base-
line, 12.5% of the men and 22.0% of the women had 
high LDL-C, whereas 14.1% of the men and 18.6% 
of the women had high non-HDL-C. During the 
69,823 person-years of follow-up, 124 men and 57 
women were diagnosed with CHD. Table 2 displays 
the 10-, 20-, 30-, and 40-year risks as well as the LTR 
of CHDs based on the LDL-C categories for men and 
women of various index ages. The person-year of fol-
low-up, incidence of CHD, and mortality due to 

ography19).

Statistical Analysis
For the estimation of LTR, age (in years) was 

used as time scale and follow-up began at each 
patient’s baseline age. Participants who were below 40 
years of age at the beginning of the study period were 
entered into the study sample when they became 40 
years old. The age categories started at the age of 40 
years, and the highest age category was ≥ 90 years. The 
likelihood of death from a particular cause at a given 
time is simply the product of the overall survival until 
that time. The follow-up ended at CHD occurrence, 
death, or on December 31, 2007, depending upon 
which event occurred first. We estimated the cumula-
tive CHD incidence conditional on survival to ages 
45, 55, 65, and 75 years, accounting for the compet-
ing risks of death15, 16, 29-32). We then utilized the com-
peting risk adjustment to avoid risk inflation intro-
duced in standard survival methods that do not fully 
account for individuals who died during follow-up 
because of other competing causes. A double-decre-
ment approach was applied to take both the CHD 
occurrence and the all-cause mortality into consider-

For LDL-C analysis                                                                                                For Non-HDL-C analysis  

Suita Study Participants aged 30 to 79 years 

N= 6483

N= 602 lack of baseline information or lost to 
follow up 

N= 280 Non-fasting participants 

N= 120 participants take lipid lowering agents 

N= 42 history of CAD 

N= 32 missing information on LDL-C and 
Non-HDL-C 

Study Participants

N=5407 

Low LDL-C  
Participants 

N= 4463 

Low Non-HDL-C  
Participants 

N= 4518 

High Non-HDL-C  
Participants 

N= 889 

High LDL-C  
Participants 

N= 944 

Fig.1. Flow chart of the cohort creation

CHD: coronary heart disease; LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipo-
protein cholesterol.
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Table 1. Characteristics of study participants

Variables

LDL-C categories

Low (LDL-C ＜160) High (LDL-C ≥ 160)

Men Number of subjects
Age, years (s.d)
LDL-C, mg/dL (s.d)
HDL-C, mg/dL (s.d)
Non-HDL-C, mg/dL (s.d)
BMI, kgm－2 (s.d)
Waist circumference, cm (s.d)
Systolic blood pressure, mmHg (s.d)
Diastolic blood pressure, mmHg (s.d)
Hypertension, n (%)
Diabetes, n (%)
Smoking, n (%)

Never smoker
Current smoker
Ex-smoker
Unknown

Drinking, n (%)
Never drinker
Current drinker
Ex-drinker
Unknown

2240
55.7 (13.4)

115.8 (26.7)
49.4 (13.5)

144.1 (29.1)
22.7 (2.9)
82.4 (8.1)

128.2 (20.9)
79.0 (12.2)
723 (32.3)
130 (5.8)

420 (18.8)
1124 (50.2)

664 (29.6)
32 (1.4)

453 (20.2)
1671 (74.6)

86 (3.8)
30 (1.3)

319
56.6 (12.1)

178.2 (17.2)
46.6 (10.6)

206.8 (20.4)
23.5 (2.8)
84.0 (7.8)

129.6 (20.0)
80.3 (11.1)
117 (36.7)

21 (6.6)

63 (19.8)
154 (48.3)

97 (30.4)
5 (1.6)

83 (26.0)
216 (67.7)

16 (5.0)
4 (1.3)

Women Number of subjects
Age, years (s.d)
LDL-C, mg/dL (s.d)
HDL-C, mg/dL (s.d)
Non-HDL-C, mg/dL (s.d)
BMI, kgm－2 (s.d)
Waist circumference, cm (s.d)
Systolic blood pressure, mmHg (s.d)
Diastolic blood pressure, mmHg (s.d)
Hypertension, n (%)
Diabetes, n (%)
Smoking, n (%)

Never smoker
Current smoker
Ex-smoker
Unknown

Drinking, n (%)
Never drinker
Current drinker
Ex-drinker
Unknown

2223
52.5 (13.1)

120.9 (23.7)
57.4 (13.7)

141.2 (27.8)
22.0 (3.2)
76.5 (10.1)

122.4 (21.5)
74.2 (11.8)
511 (23.0)

69 (3.1)
 

1826 (82.1)
269 (12.1)

80 (3.6)
48 (2.2)

 
1389 (62.5)
748 (33.7)

41 (1.8)
45 (2.0)

625
58.7 (10.0)

183.9 (22.8)
53.9 (12.1)

208.8 (28.1)
23.1 (3.3)
80.4 (10.1)

130.7 (21.0)
78.5 (11.6)
238 (38.1)

30 (4.8)
 

505 (80.8)
70 (11.2)
23 (3.7)
27 (4.3)

 
428 (68.5)
166 (26.6)

8 (1.3)
23 (3.7)

LDL-C: low-density lipoprotein cholesterol, s.d: standard deviation, HDL-C: high-density lipoprotein cholesterol, BMI: body 
mass index
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index ages; these results were similar to those for the 
LDL-C categories.

The results of the sensitivity analysis with high 
LDL-C defined as ≥ 140 mg/dL showed that the esti-
mated LTRs for CHDs, in both men and women, 
were smaller than the ones where high LDL-C was 
defined as ≥ 160 mg/dL. The estimated LTRs of men 
with high LDL-C were 28.0% (95% CI: 16.5–39.6%) 
at the index age of 45 years and 22.8% (95% CI: 7.7–
37.9%) at the index age of 75 years. In women with 
high LDL-C, the estimated LTRs were 8.1% (95% 
CI: 5.1–11.2%) at the index age of 45 years and 5.8% 
(95% CI: 2.7–8.9%) at the index age of 75 years.

Discussion

In this urban-community-based cohort in Japan, 
we observed that the LTR of CHDs was affected by 
hypercholesterolemia in middle-aged men and 
women. Individuals with low LDL-C or non-HDL-C 

CHD across the age groups are shown in Table 2 for 
the LDL-C categories and in Table 3 for the non-
HDL-C categories.

The estimated LTR of CHDs, accounting for the 
competing risk of death, at 45 years of age was 13.7% 
(95% confidence interval [CI]: 10.9–16.5%) for men 
with low LDL-C and 47.2% (95% CI: 29.3–56.1%) 
for men with high LDL-C (Table 4). For women at 
the index age of 45 years, the estimated LTR of CHDs 
for low and high LDL-C was 7.1% (95% CI: 4.4–
9.8%) and 10.2% (95% CI: 5.6–14.8%) for low and 
high LDL-C, respectively. For both sexes, the esti-
mated intermediate-term risks (10, 20, 30, and 40 
years) increased across time. However, the estimated 
LTRs in men were lower with higher index ages, 
whereas in women, they were nearly constant regard-
less of the index age.

Table 5 shows the 10-, 20-, 30-, and 40-year 
risks as well as the LTR of CHDs based on the non-
HDL-C categories for men and women of various 

Table 3.  Person-years of follow-up and number of events (CHD and Death) by sex and non-HDL-C Categories

Age Group (Years)

30-44 45-54 55-64 65-74 75-100

PY CHD Death PY CHD Death PY CHD Death PY CHD Death PY CHD Death

Men
Low non-HDL-C
High non-HDL-C

 
7,363
1,103

1
4

10
0

 
6,018
1,084

10
4

22
4

 
7,224
1,447

26
13

111
17

 
5,259

778
35
11

219
19

 
1,304

137
15

5
96
15

Women
Low non-HDL-C
High non-HDL-C

 
10,607

452
1
0

8
2

 
7,551
1,761

4
2

17
5

 
7,316
2,748

7
9

55
9

 
4,487
1,822

15
10

81
29

 
1,111

259
8
1

40
15

HDL-C: high-density lipoprotein cholesterol, CHD: coronary heart disease, PY: person-years
Serum non-HDL-C ＜190 mg/dL was defined as “Low non-HDL-C”.
Serum non-HDL-C ≥ 190 mg/dL was defined as “High non-HDL-C”.

Table 2. Person-years of follow-up and number of events (CHD and Death) by sex and LDL-C Categories

Age Group (Years)

30-44 45-54 55-64 65-74 75-100

PY CHD Death PY CHD Death PY CHD Death PY CHD Death PY CHD Death

Men
Low LDL-C
High LDL-C

 
7,616

850

 
3
2

 
10

0

 
6,142

960
10

4
23

3

 
7,356
1,315

 
29
10

 
116

12

 
5,203

834

 
39

7

 
217

21

 
1,307

134

 
15

5 

 
100

11

Women
Low LDL-C
High LDL-C

 
10,302

756

 
1
0

 
8
2

 
7,055
2,257

4
2

15
7

 
6,952
3,112

 
8
8

 
49
15

 
4,297
2,012

 
14
11

 
79
31

 
1,093

277

 
7
2

 
42
13

LDL-C: low-density lipoprotein cholesterol, CHD: coronary heart disease, PY: person-years
Serum LDL-C ＜160 mg/dL was defined as “Low LDL-C”.
Serum LDL-C ≥ 160 mg/dL was defined as “High LDL-C”.
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We previously reported on the LTR of CHDs 
from the Suita Cohort Study among individuals with 
and without hypertension and with and without dia-
betes mellitus36, 37). At 45 years of age, the competing-
risk-adjusted LTR of CHDs was 14.1% and 27.0% 
for normotensive and hypertensive men, respectively; 
6.2% and 14.9% for normotensive and hypertensive 
women, respectively; 21.1% and 16.7% for men with 
and without diabetes, respectively; and 14.2% and 
9.2% for women with and without diabetes, respec-
tively. When compared to other risk factors, the esti-
mated LTRs of CHDs were very high in men (approx-
imately 45%) and low in women (approximately 
11%) with hypercholesterolemia. In most Japanese 
community-based cohort studies, hypercholesterol-

had a lower LTR of CHDs than those with high 
LDL-C or non-HDL-C. For all index ages, the LTR 
of CHDs was higher in men than in women. This is 
the first study describing the relationship between 
hypercholesterolemia and LTR of CHDs in Asian 
populations. There is currently no report comparing 
directly the incident of CHDs between Japan and 
other countries, including Asian countries, using the 
same definition of CHDs. However, Steg et al. showed 
that the one-year event rates of nonfatal myocardial 
infarction were almost the same between Japan and 
Asia in the Reduction of Atherothrombosis for Con-
tinued Health Registry (REACH registry)35). We think 
our results may be useful to not only Japan, but also 
other Asian countries.

Table 4.  Age and sex-specific 10-, 20-, 30- and 40-year and lifetime risk estimates for coro-
nary heart disease based on low-density lipoprotein cholesterol level (adjusted for 
the competing risk of death)

Sex Index age 
(yrs)

Short and 
intermediate 

term risk (Yrs)

LDL-C Categories

Low LDL-C High LDL-C

Men 45
 
 
 
 
55
 
 
 
65
 
 
75
 

10
20
30
40

LTR
10
20
30

LTR
10
20

LTR
10

LTR

0.5 (0.0-1.0)
2.8 (1.6-4.0)
6.0 (4.4-7.6)

10.6 (8.4-12.7)
13.7 (10.9-16.5)

2.4 (1.3-3.4)
5.6 (4.1-7.2)

10.3 (8.2-12.4)
13.5 (10.6-16.3)

3.6 (2.3-4.8)
8.6 (6.6-10.7)

12.0 (9.2-14.9)
6.4 (4.4-8.5)

10.7 (7.4-14.0)

3.7 (0.0-7.9)
8.5 (3.1-14.0)

14.2 (8.0-20.5)
20.2 (12.9-27.5)
47.2 (29.3-65.1)

5.1 (1.1-9.2)
11.2 (5.8-16.6)
17.6 (10.8-24.4)
40.4 (27.5-65.2)

6.6 (2.4-10.8)
13.5 (7.1-19.8)
44.7 (24.5-64.9)

8.1 (2.2-14.1)
45.0 (21.4-68.5)

Women 45 
 
 
 
 
55
 
 
 
65
 
 
75
 

10
20
30
40

LTR
10
20
30

LTR
10
20

LTR
10

LTR

0.5 (0.0-1.0)
0.6 (0.1-1.2)
1.4 (0.6-2.3)
4.7 (3.0-6.4)
7.1 (4.4-9.8)
0.1 (0.0-0.4)
1.0 (0.3-1.7)
4.3 (2.6-6.0)
6.7 (4.0-9.4)
0.9 (0.2-1.6)
4.3 (2.6-6.0)
6.8 (4.1-9.6)
3.7 (2.0-5.4)
6.4 (3.5-9.3)

0.0 (0.0-0.0)
0.7 (0.0-1.6)
3.9 (1.8-6.0)
8.9 (5.0-12.8)

10.2 (5.6-14.8)
0.7 (0.0-1.6)
4.0 (1.9-6.1)
9.2 (5.2-13.2)

10.5 (5.8-15.2)
3.5 (1.4-5.5)
8.9 (4.8-13.0)

10.3 (5.4-15.2)
5.9 (2.0-9.9)
7.5 (2.6-12.4)

LDL-C: low-density lipoprotein cholesterol, LTR: lifetime risk
Serum LDL-C ＜160 mg/dL was defined as “Low LDL-C”.
Serum LDL-C ≥ 160 mg/dL was defined as “High LDL-C”.



Sugiyama et al.

66

LTR of high LDL-C for CHDs in men will be 22.8%, 
which is smaller than the one defined by serum 
LDL-C ≥ 160 mg/dL (45.0%). This discrepancy, to 
some extent, can be attributed to the difference 
between the numbers of deaths in the age group 
75–100 with high LDL-C defined by ≥ 140 mg/dL 
and ones with high LDL-C defined by ≥ 160 mg/dL. 
The number of CHDs in the high LDL-C category 
was almost similar (seven events defined by ≥ 140 mg/
dL and five events defined by ≥ 160 mg/dL), but the 
number of deaths in the high LDL-C category defined 
by ≥ 140 mg/dL was observed much more than the 
one defined by 160 mg/dL (29 events versus 11 
events, respectively).

There is very limited evidence regarding the LTR 

emia is strongly related to CHDs but weakly related 
to stroke, as shown in the JAS guidelines14). On the 
other hand, hypertension and diabetes are related to 
stroke as well as CHDs14, 38, 39). Diabetes is also associ-
ated with cancer40). In general, the LTR for a targeted 
disease is calculated by the accumulation of cases 
among a population, excluding deaths due to other 
reasons, and this adjustment is known to be the one of 
competing risk, and this approach is essential for esti-
mating the LTR16, 31, 32). Therefore, the LTR of a dis-
ease due to a risk factor, which can be associated with 
various other diseases, will be influenced by the expo-
sure (the risk factor of interest) and outcome (disease 
of interest) relationship. Actually, if high LDL-C is 
defined by serum LDL-C ≥ 140 mg/dL, the estimated 

Table 5.  Age and sex-specific 10-, 20-, 30- and 40-year and lifetime risk estimates for coro-
nary heart disease based on Non-high-density lipoprotein cholesterol level 
(adjusted for the competing risk of death)

Sex Index age 
(yrs)

Short and 
intermediate 

term risk (Yrs)

Non-HDL-C Categories

Low Non-HDL-C High Non-HLDL-C

Men 45
 
 
 
 
55
 
 
 
65
 
 
75
 

10
20
30
40

LTR
10
20
30

LTR
10
20

LTR
10

LTR

0.2 (0.0-0.5)
2.5 (1.4-3.7)
5.2 (3.7-6.8)
9.5 (7.5-11.6)

12.7 (9.9-15.4)
2.4 (1.3-3.5)
5.2 (3.7-6.7)
9.5 (7.5-11.6)

12.7 (9.9-15.6)
3.0 (1.8-4.2)
7.7 (5.7-9.7)

11.2 (8.3-14.0)
5.9 (3.9-7.9)

10.2 (7.0-13.5)

5.1 (0.7-9.5)
9.2 (3.9-14.4)

17.3 (11.0-23.6)
25.2 (17.6-32.9)

41.45 (25.0-57.7)
4.3 (0.9-7.7)

13.1 (7.7-18.5)
21.7 (14.4-28.9)
39.9 (21.7-56.4)

9.5 (4.8-14.3)
18.8 (11.5-26.1)
37.7 (19.1-56.3)
11.6 (4.3-19.0)
35.3 (12.5-58.2)

Women 45 
 
 
 
 
55
 
 
 
65
 
 
75
 

10
20
30
40

LTR
10
20
30

LTR
10
20

LTR
10

LTR

0.5 (0.0-0.9)
0.6 (0.1-1.1)
1.3 (0.5-2.0)
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There are a few limitations that need to be kept 
in mind while utilizing the results of this study. First, 
we had a small number of CHD events as outcomes. 
Because of this small number of CHD events, we 
could not perform more detailed analyses (e.g., using 
three or more categories for LDL-C or non-HDL-C 
or combinations of other major risk factors) for the 
determination of LTRs of CHDs. The small number 
of CHD events also affected the LTR estimates. The 
CIs of the estimates for the high LDL-C and high 
non-HDL-C are quite wide and are reflective of less 
stable estimates even when taking a conservative 
approach. We acknowledge the need for further stud-
ies based upon a pooled analysis of the larger cohorts 
in the future. Second, the Suita Cohort is based on an 
urban population, so the estimates in this study may 
not represent the overall Japanese population, thus 
impacting the external validity of our study. However, 
there is a high urbanization rate in Japan, and most of 
the changes in lifestyle factors associated with the risk 
for CHDs are thought to be due to urbanization2, 3, 45, 46). 
Therefore, we believe that our findings of high LTRs 
of CHDs in an urban population are representative of 
a large proportion of the Japanese population. 

Conclusions

In conclusion, the presence of hypercholesterol-
emia increases the LTR for CHDs in the Japanese 
population, especially in men. These estimates can be 
used for preventive knowledge translation efforts at 
the population level.
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of CHDs in relation to hypercholesterolemia. In one 
previous study based upon the Framingham Heart 
Study (FHS)41), it was reported that, at 40 years of 
age, the LTRs of CHDs were 57.3% and 32.9% for 
men and women with high TC (serum TC ≥ 240 mg/
dL, which is thought to be equivalent to LDL-C ≥ 
160 mg/dL and non-HDL-C ≥ 190 mg/dL), respec-
tively. The estimated LTR for men was very similar to 
that reported in our study; however, in women, the 
estimated LTR in the FHS was much larger than that 
reported in our study. In Japan, the influence of 
hypercholesterolemia on CHDs has been reported to 
be quite different across men and women. The results 
from National Integrated Project for Prospective 
Observation of Non-communicable Disease And its 
Trends in the Aged, 1980 (NIPPON DATA80)9, 42) 
showed that the risk of CHDs linearly increased over 
TC 200 mg/dL in men; however, there was no associ-
ation below TC 260 mg/dL in women. Therefore, the 
difference of LTR between men and women may be 
larger in Japan than in western countries.

The guidelines for CHD prevention adopted the 
estimated 10-year risk for CHD onset or death based 
upon the findings of cohort studies with long-term 
follow-up periods, such as the NIPPON DATA80 12), 
the Suita Study19), and the FHS43). However, the esti-
mated 10-year risks were very low in the younger pop-
ulation, particularly in women, so it is difficult to 
motivate such individuals to make lifestyle improve-
ments for the prevention of CHDs. On the other 
hand, LTR is an indicator that can be easily inter-
preted. For example, based upon our results, the prob-
ability of new CHD onset for a 45-year-old man with 
hypercholesterolemia is 47.2% in his remaining life. 
Therefore, LTR can be useful in promoting health-
oriented motivation for the prevention of atheroscle-
rotic cardiovascular diseases (ASCVDs) through life-
style modification and/or medication. The 2013 
American College of Cardiology/American Heart 
Association (ACC/AHA) Guidelines on the Assess-
ment of Cardiovascular Risk showed the LTR of 
ASCVDs for a population aged 20–59, who were free 
from ASCVD and were not at a high short-term 
risk44). However, there are no applications for the 
Asian population, including Japan, so we must estab-
lish guidelines for the prevention of ASCVDs utilizing 
LTR.

The major strength of our study is the unique-
ness of the study cohort. This is an urban-population-
based cohort in Japan. Moreover, the prospective 
ascertainment of the endpoints using standardized and 
previously validated clinical diagnostic criteria con-
tributed to the accurate confirmation of outcomes 
including CHD and deaths23-25).
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