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Abstract
To develop a risk chart or score that is based on recent data and applicable to the Japanese people, we need a large cohort
study representative of the Japanese people without a need for long-term follow-up. The purpose of the present study was to
develop a risk scoring system to estimate the 5- and 10-year absolute and cumulative incidence risk of stroke and acute
myocardial infarction (AMI), composite outcome of stroke and AMI, and death from all cardiovascular disease (CVD). The
cumulative incidence risk ratios were calculated using a multiple Poisson regression model and data from the Japan
Arteriosclerosis Longitudinal Study, which included 67,969 men and women aged 40–89 years. An absolute risk scoring
system for 5- and 10-year risk was developed. For blood pressure categories, the risk ratios for all outcomes increased from
normal blood pressure (systolic blood pressure (SBP) 120–129 mmHg and diastolic blood pressure (DBP) 80–89 mmHg) to
grade III hypertension (SBP ≥ 180 and/or DBP ≥ 110) based on the 2014 Guidelines for the Management of Hypertension
compared to the reference optimal blood pressure (SBP < 120 and DBP < 80). Grade II (SBP 160–179 and/or DBP 100–109)
and III hypertension treated with medication showed a lower risk compared to counterparts without medication. Other risk
factors showed reasonable figures. The total of scores for each risk factor indicated the estimated absolute risk for stroke and
AMI, the composite outcome of stroke and AMI, and all CVD. This scoring system may contribute to patient education and
to the development of strategies for reducing CVD in the population.
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Introduction

Several risk charts and scoring systems for cardiovascular
disease (CVD) [1–8] have been published for patient

education and risk assessment for treatment indication in the
Japanese population since the NIPPON DATA80 risk chart
[1]. To develop a risk chart or scoring system that is based
on the most recent data and applicable to the Japanese
people, we need a large cohort study representative of the
Japanese people without requiring long-term follow-up.

The purpose of the present study was to develop a risk
scoring system to estimate the 5- and 10-year absolute and
cumulative incidence risk of stroke and acute myocardial
infarction (AMI), the composite outcome of stroke and AMI
and death from all CVD.
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Methods

Population

A total of 96,705 participants (aged ≥ 18 years) in 22
cohorts from Hokkaido to Okinawa were eligible to parti-
cipate in the Japan Arteriosclerosis Longitudinal Study
(JALS) with follow-up. The baseline survey was conducted
from 2002 to 2004. The participants were followed from the
date of the baseline survey until Dec 31, 2010. The present
analyses were conducted after excluding following partici-
pants: 6739 participants with a past history of stroke and
heart diseases; participants with an ambiguous last follow-
up date for stroke (n= 271); one cohort without AMI sur-
veys (n= 1619); three cohorts for which cause of death was
not verified against national vital statistics (n= 8677);
participants aged >90 years or <40 years; and those with
missing adjusting covariates (Stoke: n= 13,389; AMI: n=
13,229; CVD death: n= 8687). A total of 67,969 partici-
pants were included in the present analyses for stroke risk,
66,602 for AMI, and 65,876 for death from all CVD (see
Supplemental web Figure, available at the Hypertension
Research website).

The mean participant age at baseline was 61.5 years, and
the median follow-up period was 6.9 years. Approximately,
40% of the participants were men (Table 1), and 33.1% had
hypertension (grades I–III).

Standardization

Several workshops involving the principal investigators for
each cohort and their associates were conducted to discuss
the study purpose, survey items, and criteria for incidence
of stroke and coronary heart disease (CHD). Then, we
outlined the standardized survey methods and developed
operation manuals for blood pressure measurement, the self-
administered questionnaire, and criteria for the incidence of
stroke and CHD and their case report forms. Cases of
mortality were also reported to the central data managing
office, where the underlying cause of death was matched to
indexes of age, sex and area code [9]. The international
classification of diseases-10 (ICD-10) codes were used for
all CVD (I00–I99).

Blood was drawn under non-fasting and fasting
conditions. For serum total cholesterol and high-density
lipoprotein (HDL) cholesterol, each laboratory received
a quality control test from the standardization laboratory
of Japan, which participated in the cholesterol quality
control program and has been certified by the US
Centers for Disease Control and Prevention and the
Cholesterol Reference Methods Laboratory Network
(CRMLN) [10].

Physical examination and questionnaire
administration

For blood pressure measurement, an automatic blood
pressure measurement device from any company using the
oscillometric method was used. The mean of two blood
SBP and DBP measurements was used for the analyses; the
blood pressure measurements were obtained using cuffs of
appropriate size while sitting after 5 min of rest and in the
absence of conversation. Weight and height were measured,
and body mass index (BMI) (weight/height2, kg/m2) was
calculated. Standard 12-lead electrocardiography was per-
formed at rest, and the Minnesota code was recorded [11].

A standardized self-administered questionnaire that was
checked by a health professional was used to assess the past
history and prevalence of disease, antihypertensive medi-
cation use (yes, no), smoking status and the year of smoking
initiation, physical activity, and dietary habits.

Blood chemistry analyses

Blood was drawn in either fasting or nonfasting states with
the time of the last meal recorded. Samples were sent to
local laboratories for blood chemistry analysis, including
serum total cholesterol, HDL cholesterol, triglycerides
(TG), glucose, hemoglobin A1c (HbA1c), aspartate ami-
notransferase (AST), alanine aminotransferase (ALT), γ-
glutamyl transferase (γ-GTP), and creatinine levels. Non-
HDL cholesterol was calculated as follows: non-HDL
cholesterol (mg/dL)= total cholesterol (mg/dL)−HDL
cholesterol (mg/dL).

The estimated glomerular filtration ratio (eGFR) was
calculated based on the following equation defined by the
Japan Association of Chronic Kidney Disease Initiatives
(J-CKDI): eGFR (mL/min/1.73 m2)= 194 × serum creati-
nine−1.094 × Age−0.287 × (0.739 for females) [12].

Diagnostic criteria for stroke and AMI

The incidence of stroke and subtype were reported
according to the standard form, which includes findings
from computed tomography (CT) and/or magnetic reso-
nance imaging (MRI) of the brain and signs and symptoms
according to the Multinational Monitoring of Trends and
Determinants in Cardiovascular Disease (MONICA) Project
criteria for stroke [13, 14].

Here, definite cases, which were confirmed using the
MONICA Project criteria [14] by surveying medical
records, and probable cases, i.e., those with insufficient data
to confirm them as definite cases, were used as the out-
comes. Probable cases without medical record surveys were
identified and recorded as possible cases. These possible
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cases were censored at event occurrence and excluded from
this analysis. All stroke cases were classified based on CT
and MRI findings and event symptoms into cerebral
hemorrhage (CH), cerebral infarction, subarachnoid
hemorrhage, and unknown type.

The criteria for AMI were also based on the MONICA
Project [13]. In addition to the MONICA criteria, findings
such as a thrombus or >75% stenosis of the culprit vessel on
coronary angiography, abnormal movement of the myo-
cardium on echocardiography, and rupture of the myo-
cardium identified on a CT or during an autopsy for sudden
death were considered definite cases. As for strokes, definite
and probable cases were used for AMI.

The registration forms for both stroke and AMI include
flow charts that guide diagnosis and classification (into
definite and probable cases). Sudden deaths were also
recorded on registration forms. If stroke or AMI were
possible causes of sudden death, the form for stroke or AMI
was used for diagnosis.

To calculate incidence rates, only the first definite or
probable stroke (regardless of subtype) or AMI was con-
sidered. If a person had both stroke and AMI, both events
were included.

Data coordination center and ethical approval

All participants agreed to participate in the JALS follow-up
study and provided written informed consent to participate
during the baseline survey. All data from each cohort were
sent to the central data coordinating office at Tokyo Uni-
versity (located at Chuo University since April 2016) and
underwent systematic quality checks according to estab-
lished protocols. If the data were insufficient for a cohort,
additional or corrected data were requested from the data
coordinating office.

This study complied with the 2000 revision of the
Declaration of Helsinki. The ethical committees of Shiga
University of Medical Science (No. 22-63) and Chuo Uni-
versity (No. 2107-9) approved the JALS study, and all local
principal investigators obtained approval for the study from
their respective institutions.

Statistical analyses

We applied pooled mixed effect Poisson regression to
estimate the incidence of stroke, AMI, and the composite
outcome of stroke and AMI in relation to their risk factors.
In addition, the risk ratio for death from all CVD (ICD-10,
I00–I99) was estimated in the same manner. All categories
of variables used in the analysis are listed in Table 2. To
calculate risk ratios by blood pressure classification, the
reference group was optimal blood pressure without anti-
hypertensive medication, and risk ratios were obtained for

normal blood pressure; high-normal blood pressure; and
grade I–III hypertension with/without medication following
the Japanese Hypertension Society Guidelines for the
Management of Hypertension (JSH 2014) [15]. We adjusted
for the use of antihypertensive medication by modeling the
impact of a participant’s blood pressure differently on the
basis of the use of such medications. For each participant,
multiple observations with the same number of follow-up
years (until event occurrence) were generated. The response
variable in each observation except the last year was coded
0, and 1 or 0 was assigned in the last year depending on
whether the participant experienced an event. As the offset
(fixed constant) of the Poisson regression, the observed
fraction of the year (1 except in the last year) in each
observation was assigned. The cohort effect was treated as a
random normal variable, and the age of the subject was
included in the model as a categorical time-dependent
covariate.

Variable selection was conducted in a backward manner,
with the remaining threshold p value being 0.05—that is,
the variable with the largest p value (>0.05) in the regres-
sion model was removed successively from the full model
with all candidate covariates.

The absolute and cumulative incidence of 5- and 10-year
risk were calculated based on selected risk factors for
stroke, AMI, composite outcomes of stroke and AMI and all
CVD death. To obtain a risk score, each 10-point increment
in the score was assigned a 2.0 increment in risk. The 5-year
cumulative incidence risk (%) was calculated using a simple
approximate formula: {1− exp [−(5 × 1-year cumulative
incidence rate for total score= 0) × (1.0718Total score)]} ×
100, where 1.0718 is the incidence rate ratio (IRR) per 1-
point increment in the total score determined by 20.1. The
10-year absolute cumulative incidence risk was estimated
by combining the first and last 5-year risk as follows: 1−
(1− (first 5-year risk)) × (1− (last 5-year risk)), where the
last 5-year risk was calculated using the next age-category
score. Model predictivity was evaluated using C-statistics.
SAS software package for Windows, release 9.4 (SAS
Institute Inc., Cary, NC) was used to perform all statistical
analyses.

Results

Table 2 shows the IRRs for stroke and the scores assigned
for selected variables. The reference category with IRR 1
and a score of 0 was assigned for no atrial fibrillation (AF),
normal blood pressure, age in the 40 s, no diabetes mellitus
(DM), non-smoker and woman. BMI, HDL cholesterol,
eGFR and non-HDL cholesterol did not have significant P
values in the final model. Two models with/without AF
were also estimated. The highest IRR was 4.18 for AF

570 A. Harada et al.



Table 2 Risk ratio and score for stroke incidence, 67,969 participants with 6.9 mean follow-up years, JALS

Variables Categories No atrial fibrillation model Atrial fibrillation model

IRR Confidence
interval

Scorea IRR Confidence
interval

Scorea

Atrial fibrillation No – 1.00 0

Yes – 4.18 (3.27–5.34) 21

BMI (kg/m2) <18.5 – –

18.5–25.0 – –

25≤ – –

HDL-cholesterol (mg/dl) <40 – –

40–59 – –

60≤ – –

Blood pressureb No
antihypertensive
medication

Optimal BP 1.00 0 1.00 0

Normal BP 1.64 (1.30–2.08) 7 1.65 (1.30–2.10) 7

High-normal
BP

1.64 (1.29–2.09) 7 1.64 (1.29–2.09) 7

Grade I
hypertension

2.65 (2.15–3.26) 14 2.69 (2.18–3.31) 14

Grade II
hypertension

4.23 (3.31–5.40) 21 4.25 (3.33–5.43) 21

Grade III
hypertension

6.32 (4.60–8.68) 27 6.50 (4.73–8.94) 27

Antihypertensive
medication

Optimal BP 2.33 (1.65–3.27) 12 2.22 (1.58–3.12) 11

Normal BP 2.61 (1.92–3.54) 14 2.57 (1.89–3.48) 14

High-normal
BP

2.52 (1.90–3.33) 13 2.52 (1.90–3.34) 13

Grade I
hypertension

3.44 (2.75–4.31) 18 3.41 (2.73–4.27) 18

Grade II
hypertension

3.80 (2.89–5.00) 19 3.84 (2.92–5.05) 19

Grade III
hypertension

3.80 (2.46–5.86) 19 3.73 (2.42–5.75) 19

Age (years) 40–49 1.00 0 1.00 0

50–59 1.32 (0.92–1.91) 4 1.31 (0.91–1.89) 4

60–69 2.45 (1.72–3.49) 13 2.41 (1.69–3.42) 13

70–79 5.10 (3.59–7.24) 24 4.93 (3.47–7.00) 23

80≤ 8.68 (6.03–12.49) 31 8.33 (5.78–11.99) 31

eGFR (mL/min/1.73 m2) <45 – –

45–60 – –

60–90 – –

90≤ – –

Non-HDL-cholesterol (mg/dl) <130 – –

130–149 – –

150–169 – –

170≤ – –

Diabetes mellitus No 1.00 0 1.00 0

Yes 1.51 (1.30–1.74) 6 1.49 (1.29–1.73) 6

Sex Men 1.38 (1.22–1.56) 5 1.31 (1.16–1.49) 4

Women 1.00 0 1.00 0

Current smoking No 1.00 0 1.00 0

Yes 1.60 (1.38–1.85) 7 1.64 (1.42–1.89) 7

AUC 0.764 0.772

IRR incidence rate ratio, BMI body mass index, HDL high-density lipoprotein, BP blood pressure, eGFR estimated glomerular filtration ratio by the
equation of Japan Association of Chronic Kidney Disease Initiative (J-CKDI), AUC area under the curve
aScores are determined by a formula log2(IRR) × 10 in total score
bBlood pressure categories were defined as follows; “Optimal BP” as systolic blood pressure < 120 mmHg and diastolic blood pressure < 80
mmHg; the corresponding systolic and diastolic blood pressure values were 120–129 and 80–84 mmHg for “Normal BP,” 130–139 or 85–89
mmHg (whichever was greater) for “high-normal BP,” 140–159 or 90–99 mmHg for “Grade I hypertension,” 160–179 or 100–109 mmHg for
“Grade II hypertension” and ≧180 or ≧110 mmHg for “Grade III hypertension”, respectively

Absolute risk score for stroke, myocardial infarction, and all cardiovascular disease: Japan. . . 571



(yes), and the score was 21. For blood pressure, the higher
the category, the higher the IRR for participants with and
without antihypertensive medication. Even in the normal
blood pressure group, the risk ratios for those without
antihypertensive medication and those with anti-
hypertensive medication were 1.65 and 2.57, respectively,
compared with the optimal blood pressure group. However,
those with grade II and III hypertension who were being
treated with medication had lower IRRs than those without
medication (4.25 vs. 3.84 (p= 0.46) and 6.50 vs. 3.73 (p=
0.02) for grade II and III, respectively). The IRRs for DM,
men, and current smokers were 1.49, 1.31, and 1.64,
respectively. In terms of age, the risk of very old people
(aged ≥ 80 years) was approximately 8 times higher com-
pared with 40–49 years old. There were no substantial
differences in the IRRs for variables in the models with/
without AF.

HDL cholesterol and non-HDL cholesterol were risk
factors for AMI (Table 3), as were high blood pressure,
DM, and current smoking. For blood pressure treated with
medication, the IRR for grade II and III hypertension was
not significantly lower than that for grade I (1.56 vs. 2.14
(p= 0.82) and 1.86 vs. 2.14 (p= 0.42)), and the results did
not show a stepwise relationship. BMI and eGFR were not
retained as risk factors in the final model. The risk factors
for AMI included HDL-C and non-HDL-C, which were
different from the risk factors for stroke. The contribution of
DM was greater for AMI than for stroke.

Risk factors for the composite outcomes of stroke and
AMI were between those of stroke and AMI but closer
stroke risk factors because of the larger number of cases of
stroke than AMI (Table 4).

For CVD death, all variables except non-HDL choles-
terol were included in the regression model and were sig-
nificant (Table 5). The weight of AF risk was lower than
that of the composite outcome of stroke and AMI. Lower
BMI and lower HDL cholesterol were risk factors. DM,
although a significant risk factor, was weaker than for
stroke, AMI, and the composite outcome. Again, those with
grade II and III hypertension treated with medication had a
lower risk than those without medication. Regardless of
whether AF was included in the regression models, most
variables showed similar risk levels.

Table 6 shows the 5- and 10-year absolute risk for stroke,
AMI, composite outcomes of stroke and AMI and mortality
from CVD by age category. The scores in Table 6 represent
residual scores calculated by subtracting the age score from
the total score. For example, using Table 2 and Table 6 to
assess stroke risk, if a man (score= 4) is 75 years old
(score= 23), has grade II hypertension without medication
(score= 21), does not have diabetes (score= 0) and is a
nonsmoker (score= 0), then his stroke score is 25 (total
score 48) and the corresponding 5-year absolute risk for

stroke is 3.08%. The 10-year absolute incidence risk was
estimated by combining the first and last 5-year absolute
risk, where the last 5-year absolute risk was calculated using
the next age category score. Using the previous example,
the 10-year absolute risk of stroke for a 75-year-old male is
8.07% in the score= 25 row and 70–79 years column,
where last 5-year absolute risk was calculated using the age
score for an 80–89-year old.

The threshold on the target blood pressure level and
diagnosis of hypertension set in the 2017 American College
of Cardiology/American Heart Association (ACC/AHA)
Guidelines [16] and the threshold for treating blood pressure
set in the 2018 European Society of Cardiology/European
Society of Hypertension (ESC/ESH) Guidelines [17] is 130/
80 mmHg. Supplemental tables S1-S5 show the results
considering a target threshold change in the ACC/AHA and
ESC/ESH guidelines.

Discussion

This large-scale, standardized cohort study of the Japanese
population reports the most recent risk scoring system
(years 2002–2010) based on age, sex, blood pressure
(JSH2014) [15], antihypertensive medication use, smoking
status, non-HDL cholesterol level, HDL cholesterol level,
DM, BMI, and eGFR and provides scores for the incidence
of stroke, AMI, the composite outcome of stroke and AMI,
and mortality from all CVD. Although this cooperative
cohort study does not include a randomized sample drawn
from all over Japan as in the NIPPON DATA80 [1], the
participants include individuals from Hokkaido (the north
island) and Okinawa and Kyushu (south islands). Therefore,
the absolute risks estimated by this scoring system are
expected to be applicable to the Japanese population in
2010.

Although previously developed risk scoring systems and
risk charts used to educate and motivate patients to make
appropriate lifestyle changes and take medications [1–8] are
still useful, the estimated absolute risks do not necessarily
represent present day risks, as both the incidence of and
mortality from CVD have changed with changes in risk
factors. In addition, both the incidence of and mortality
from CHD are lower in Japan than in Western countries [18,
19]; thus, there are only few cohort studies on AMI risk
charts, scoring systems [1, 5, 7, 8] and the incidence risk of
AMI. When treated with medication, grade II and III
hypertension did not have a higher IRR than grade I
hypertension. The reason is not clear, and this result may be
due to the relatively small number of AMI cases.

These scoring systems may be useful for planning public
health policy in a given area or population. If we could
determine the risk status of a population, we could calculate
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the future risk of the population and develop a preventive
plan with possible risk modification based on these tools
[1].

It is noteworthy that in the present JALS study, those
with grade II and III hypertension treated with anti-
hypertensive medication showed a lower risk than those not

Table 3 Risk ratio and score for incidence of acute myocardial infarction, 66,602 participants with 6.9 mean follow-up years, JALS

Categories No atrial fibrillation model Atrial fibrillation model

IRR Confidence
interval

scorea IRR Confidence
interval

Scorea

Atrial fibrillation No – 1.00 0

YES – 2.41 (1.12–5.14) 13

BMI (kg/m2) <18.5 – –

18.5–25.0 – –

25≤ – –

HDL-cholesterol (mg/dl) <40 2.12 (1.38–3.25) 11 2.11 (1.38–3.24) 11

40–59 1.64 (1.18–2.27) 7 1.64 (1.18–2.27) 7

60≤ 1.00 0 1.00 0

Blood pressureb No antihypertensive
medication

Optimal BP 1.00 0 1.00 0

Normal BP 1.23 (0.73–2.06) 3 1.23 (0.73–2.07) 3

High-normal BP 1.47 (0.89–2.43) 6 1.47 (0.89–2.43) 6

Grade I hypertension 1.65 (1.04–2.61) 7 1.66 (1.05–2.63) 7

Grade II hypertension 1.82 (0.99–3.36) 9 1.83 (0.99–3.36) 9

Grade III
hypertension

3.18 (1.45–6.96) 17 3.21 (1.46–7.03) 17

Antihypertensive medication Optimal BP 1.18 (0.42–3.37) 2 1.15 (0.40–3.29) 2

Normal BP 2.64 (1.34–5.17) 14 2.61 (1.33–5.13) 14

High-normal BP 3.15 (1.80–5.54) 17 3.17 (1.81–5.57) 17

Grade I hypertension 2.14 (1.27–3.60) 11 2.14 (1.27–3.60) 11

Grade II hypertension 1.56 (0.73–3.31) 6 1.56 (0.74–3.32) 6

Grade III
hypertension

1.88 (0.57–6.22) 9 1.86 (0.56–6.14) 9

Age (years) 40–49 1.00 0 1.00 0

50–59 2.19 (1.02–4.69) 11 2.18 (1.02–4.67) 11

60–69 2.55 (1.20–5.45) 14 2.53 (1.18–5.39) 13

70–79 4.38 (2.06–9.31) 21 4.31 (2.03–9.15) 21

80≤ 7.14 (3.20–15.94) 28 6.99 (3.13–15.61) 28

eGFR(mL/min/1.73m2) <45 – –

45–60 – –

60–90 – –

90≤ – –

Non-HDL-cholesterol
(mg/dl)

<130 1.00 0 1.00 0

130–149 1.94 (1.28–2.93) 10 1.96 (1.30–2.96) 10

150–169 2.41 (1.60–3.62) 13 2.43 (1.61–3.66) 13

170≤ 3.22 (2.17–4.76) 17 3.24 (2.19–4.79) 17

Diabetes mellitus No 1.00 0 1.00 0

Yes 1.87 (1.36–2.55) 9 1.85 (1.35–2.54) 9

Sex Men 3.21 (2.32–4.44) 17 3.16 (2.28–4.37) 17

Women 1.00 0 1.00 0

Current smoking No 1.00 0 1.00 0

Yes 2.04 (1.52–2.75) 10 2.05 (1.52–2.77) 10

AUC 0.812 0.814

IRR incidence rate ratio, BMI body mass index, HDL high-density lipoprotein, BP blood pressure, eGFR estimated glomerular filtration ratio by the
equation of Japan Association of Chronic Kidney Disease Initiative (J-CKDI), AUC area under the curve
aScores are determined by a formula log2(IRR) × 10 in total score
bBlood pressure categories were defined as follows; “Optimal BP” as systolic blood pressure < 120 mmHg and diastolic blood pressure < 80
mmHg; the corresponding systolic and diastolic blood pressure values were 120–129 and 80–84 mmHg for “Normal BP,” 130–139 or 85–89
mmHg (whichever was greater) for “high-normal BP,” 140–159 or 90–99 mmHg for “Grade I hypertension,” 160–179 or 100–109 mmHg for
“Grade II hypertension” and ≧180 or≧ 110 mmHg for “Grade III hypertension”, respectively
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using medication not only for the incidence risk of stroke
and AMI but also for mortality from CVD. Previous cohort
studies have shown that patients using antihypertensive

medication are always at a higher risk than those not using
medication [20–23]. The findings from previous cohort
studies have suggested that patients with hypertension

Table 4 Risk ratio and score for incidence of composite outcome of stroke and acute myocardial infarction, 66,602 participants with 6.9 mean
follow-up years, JALS

Categories No atrial fibrillation model Atrial fibrillation model

IRR Confidence
interval

Scorea IRR Confidence
interval

Scorea

Atrial fibrillation No – 1.00 0

Yes – 3.98 (3.14–5.03) 20

BMI (kg/m2) <18.5 – –

18.5–25.0 – –

25≤ – –

HDL-cholesterol (mg/dl) <40 1.30 (1.09–1.55) 4 1.29 (1.08–1.55) 4

40–59 1.13 (1.01–1.26) 2 1.13 (1.01–1.26) 2

60≤ 1.00 1.00

Blood pressureb No antihypertensive
medication

Optimal BP 1.00 0 1.00 0

Normal BP 1.55 (1.25–1.94) 6 1.57 (1.25–1.95) 6

High-normal BP 1.67 (1.34–2.09) 7 1.68 (1.34–2.10) 7

Grade I hypertension 2.54 (2.09–3.08) 13 2.58 (2.13–3.13) 14

Grade II hypertension 3.82 (3.03–4.81) 19 3.84 (3.05–4.84) 19

Grade III
hypertension

5.95 (4.40–8.04) 26 6.12 (4.53–8.27) 26

Antihypertensive medication Optimal BP 2.11 (1.52–2.93) 11 2.02 (1.45–2.80) 10

Normal BP 2.68 (2.03–3.55) 14 2.64 (1.99–3.50) 14

High-normal BP 2.65 (2.05–3.43) 14 2.67 (2.07–3.45) 14

Grade I hypertension 3.20 (2.60–3.95) 17 3.18 (2.58–3.92) 17

Grade II hypertension 3.35 (2.57–4.36) 17 3.38 (2.60–4.40) 18

Grade III
hypertension

3.46 (2.27–5.27) 18 3.41 (2.24–5.19) 18

Age (years) 40–49 1.00 0 1.00 0

50–59 1.46 (1.05–2.05) 5 1.45 (1.04–2.03) 5

60–69 2.52 (1.82–3.49) 13 2.47 (1.78–3.43) 13

70–79 5.04 (3.64–6.98) 23 4.88 (3.52–6.76) 23

80≤ 8.35 (5.94–11.74) 31 8.03 (5.71–11.29) 30

eGFR (mL/min/1.73 m2) <45 – –

45–60 – –

60–90 – –

90≤ – –

Non-HDL-cholesterol
(mg/dl)

<130 – –

130–149 – –

150–169 – –

170≤ – –

Diabetes Mellitus No 1.00 0 1.00 0

Yes 1.56 (1.36–1.78) 6 1.54 (1.35–1.77) 6

Sex Men 1.51 (1.35–1.70) 6 1.44 (1.29–1.62) 5

Women 1.00 0 1.00 0

Current smoking No 1.00 0 1.00 0

Yes 1.66 (1.46–1.90) 7 1.70 (1.48–1.94) 8

AUC 0.764 0.771

IRR incidence rate ratio, BMI body mass index, HDL high-density lipoprotein, BP blood pressure, eGFR estimated glomerular filtration ratio by the
equation of Japan Association of Chronic Kidney Disease Initiative (J-CKDI), AUC area under the curve
aScores are determined by a formula log2(IRR) × 10 in total score
bBlood pressure categories were defined as follows; ‘Optimal BP’ as systolic blood pressure < 120 mmHg and diastolic blood pressure < 80 mmHg;
the corresponding systolic and diastolic blood pressure values were 120–129 and 80–84 mmHg for “Normal BP,” 130–139 or 85–89 mmHg
(whichever was greater) for “high-normal BP,” 140–159 or 90–99 mmHg for “Grade I hypertension,” 160–179 or 100–109 mmHg for “Grade II
hypertension” and ≧180 or ≧110 mmHg for “Grade III hypertension”, respectively
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treated with medication had a higher risk with other con-
founding CVD risk factors, e.g., long-term hypertension
with organ damage, compared to those whose blood pres-
sure levels were the same at baseline but were not using
medication. These explanations have been accepted,

although the treatment of hypertension undoubtedly lowers
blood pressure and reduces CVD risk [15, 24]. The present
JALS study is the first to report that patients with hyper-
tension using antihypertensive medication were at lower
risk than those not using medication. It may be that patients

Table 5 Risk ratio and score for all cardiovascular death, 65,876 participants with 6.9 mean follow-up years, JALS

Categories No atrial fibrillation model Atrial fibrillation model

IRR Confidence
interval

Scorea IRR Confidence
interval

Scorea

Atrial fibrillation No – 1.00 0

Yes – 3.53 (2.73–4.56) 18

BMI (kg/m2) <18.5 1.55 (1.23–1.95) 6 1.57 (1.25–1.97) 7

18.5–25.0 1.00 0 1.00 0

25≤ 0.91 (0.80–1.04) −1 0.90 (0.79–1.03) −2

HDL-cholesterol (mg/dl) <40 1.24 (1.02–1.51) 3 1.22 (1.00–1.48) 3

40–59 0.93 (0.82–1.06) −1 0.94 (0.83–1.06) −1

60≤ 1.00 0 1.00 0

Blood pressureb No antihypertensive
medication

Optimal BP 1.00 0 1.00 0

Normal BP 1.02 (0.80–1.30) 0 1.03 (0.81–1.32) 0

High-normal BP 1.29 (1.03–1.62) 4 1.30 (1.04–1.64) 4

Grade I hypertension 1.32 (1.07–1.62) 4 1.35 (1.09–1.67) 4

Grade II hypertension 2.06 (1.60–2.66) 10 2.11 (1.64–2.71) 11

Grade III hypertension 2.39 (1.65–3.47) 13 2.51 (1.73–3.64) 13

Antihypertensive medication Optimal BP 1.64 (1.19–2.26) 7 1.56 (1.13–2.16) 6

Normal BP 1.78 (1.33–2.39) 8 1.79 (1.33–2.40) 8

High-normal BP 1.25 (0.93–1.67) 3 1.28 (0.95–1.71) 4

Grade I hypertension 1.53 (1.22–1.93) 6 1.55 (1.23–1.96) 6

Grade II hypertension 1.76 (1.33–2.33) 8 1.81 (1.36–2.40) 9

Grade III hypertension 1.43 (0.87–2.35) 5 1.41 (0.86–2.32) 5

Age (years) 40–49 1.00 0 1.00 0

50–59 1.52 (0.83–2.75) 6 1.51 (0.83–2.74) 6

60–69 3.06 (1.74–5.37) 16 3.02 (1.72–5.29) 16

70–79 11.32 (6.54–19.59) 35 11.01 (6.36–19.05) 35

80≤ 47.97 (27.62–83.30) 56 46.20 (26.60–80.25) 55

eGFR (mL/min/1.73 m2) <45 2.15 (1.70–2.71) 11 2.10 (1.66–2.65) 11

45–60 1.18 (1.02–1.37) 2 1.17 (1.01–1.36) 2

60–90 1.00 0 1.00 0

90≤ 1.10 (0.89–1.35) 1 1.11 (0.90–1.36) 2

Non-HDL-cholesterol
(mg/dl)

<130 – –

130–149 – –

150–169 – –

170≤ – –

Diabetes mellitus No 1.00 0 1.00 0

Yes 1.30 (1.10–1.52) 4 1.28 (1.09–1.50) 4

Sex Men 1.57 (1.38–1.79) 7 1.51 (1.33–1.73) 6

Women 1.00 0 1.00 0

Current smoking No 1.00 0 1.00 0

Yes 1.86 (1.60–2.17) 9 1.89 (1.62–2.20) 9

AUC 0.828 0.832

IRR incidence rate ratio, BMI body mass index, HDL high-density lipoprotein, BP blood pressure, eGFR estimated glomerular filtration ratio by the
equation of Japan Association of Chronic Kidney Disease Initiative (J-CKDI), AUC area under the curve
aScores are determined by a formula log2(IRR) × 10 in total score
bBlood pressure categories were defined as follows; “Optimal BP” as systolic blood pressure < 120 mmHg and diastolic blood pressure < 80
mmHg; the corresponding systolic and diastolic blood pressure values were 120–129 and 80–84 mmHg for “Normal BP,” 130–139 or 85–89
mmHg (whichever was greater) for “high-normal BP,” 140–159 or 90–99 mmHg for “Grade I hypertension,” 160–179 or 100–109 mmHg for
“Grade II hypertension” and ≧180 or ≧110 mmHg for “Grade III hypertension”, respectively
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Table 6 Five-and 10-year absolute risk for incidence of stroke, acute myocardial infarction and composite outcome of stroke and acute myocardial
infarction, and death for cardiovascular diseasesa

Age categories (year)

Scoreb 40–49 50–59 60–69 70–79 80–89

5 year 10 year 5 year 10 year 5 year 10 year 5 year 10 year 5 year 10 year

Stroke model (AF is included)

0 0.11 0.26 0.15 0.42 0.27 0.82 0.55 1.48 0.93 1.85

5 0.16 0.37 0.21 0.59 0.38 1.16 0.78 2.08 1.31 2.61

10 0.22 0.52 0.29 0.83 0.54 1.63 1.10 2.93 1.85 3.67

15 0.32 0.73 0.42 1.17 0.76 2.30 1.55 4.12 2.61 5.15

20 0.45 1.03 0.59 1.65 1.07 3.24 2.19 5.77 3.67 7.20

25 0.63 1.46 0.83 2.33 1.52 4.55 3.08 8.07 5.15 10.03

30 0.89 2.05 1.17 3.28 2.14 6.37 4.33 11.21 7.20 13.88

35 1.26 2.89 1.65 4.61 3.01 8.89 6.06 15.48 10.03 19.05

40 1.78 4.06 2.33 6.45 4.23 12.33 8.47 21.17 13.88 25.83

45 2.51 5.70 3.28 9.00 5.92 16.98 11.76 28.57 19.05 34.47

50 3.52 7.96 4.60 12.49 8.27 23.14 16.21 37.86 25.83 44.99

55 4.95 11.07 6.44 17.20 11.50 31.08 22.13 48.97 34.47 57.05

60 6.92 15.29 8.99 23.42 15.86 40.93 29.80 61.38 44.99 69.74

AMI model (AF is included)

0 0.01 0.02 0.02 0.03 0.02 0.05 0.03 0.08 0.05 0.09

5 0.01 0.03 0.02 0.04 0.02 0.06 0.04 0.11 0.07 0.13

10 0.01 0.04 0.03 0.06 0.03 0.09 0.06 0.15 0.09 0.19

15 0.02 0.06 0.04 0.09 0.05 0.13 0.08 0.21 0.13 0.26

20 0.03 0.09 0.06 0.13 0.07 0.18 0.12 0.30 0.19 0.37

25 0.04 0.12 0.08 0.18 0.10 0.26 0.16 0.43 0.26 0.53

30 0.05 0.17 0.12 0.25 0.14 0.36 0.23 0.60 0.37 0.74

35 0.08 0.24 0.17 0.36 0.19 0.52 0.33 0.85 0.53 1.05

40 0.11 0.34 0.23 0.50 0.27 0.73 0.46 1.20 0.74 1.48

45 0.15 0.48 0.33 0.71 0.38 1.03 0.65 1.69 1.05 2.09

50 0.21 0.68 0.47 1.00 0.54 1.45 0.92 2.38 1.48 2.94

55 0.30 0.96 0.66 1.41 0.76 2.04 1.29 3.35 2.09 4.14

60 0.43 1.35 0.93 1.99 1.07 2.88 1.82 4.71 2.94 5.80

Composite model (AF is included)

0 0.12 0.29 0.17 0.46 0.29 0.86 0.57 1.51 0.94 1.88

5 0.17 0.41 0.24 0.65 0.41 1.22 0.81 2.13 1.33 2.64

10 0.24 0.58 0.34 0.92 0.58 1.72 1.14 3.00 1.88 3.72

15 0.33 0.82 0.48 1.30 0.82 2.42 1.62 4.22 2.64 5.22

20 0.47 1.15 0.68 1.84 1.16 3.41 2.28 5.91 3.72 7.30

25 0.67 1.62 0.97 2.59 1.64 4.79 3.20 8.25 5.22 10.16

30 0.94 2.29 1.36 3.64 2.31 6.70 4.50 11.47 7.30 14.06

35 1.33 3.22 1.92 5.11 3.25 9.35 6.30 15.83 10.16 19.29

40 1.87 4.52 2.71 7.14 4.56 12.96 8.80 21.62 14.06 26.15

45 2.63 6.34 3.80 9.95 6.39 17.82 12.21 29.15 19.29 34.86

50 3.70 8.84 5.34 13.78 8.91 24.24 16.82 38.57 26.15 45.46

55 5.20 12.27 7.46 18.91 12.37 32.46 22.93 49.80 34.86 57.57

60 7.27 16.91 10.39 25.65 17.03 42.60 30.81 62.26 45.46 70.25

CVD model (AF is included)

0 0.07 0.17 0.10 0.30 0.20 0.94 0.74 3.77 3.05 6.01
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whose hypertension is treated with medication had better
risk control not only for blood pressure but also other risk
factors compared to those who do not take medication,
although this assertion was not confirmed by repeated
measurement of risk factors during follow-up.

For stroke, AF has a high risk score compared with other
factors, except for old age, which is consistent with the
findings of previous cohort studies [18, 19, 25–29]. Non-
HDL cholesterol and HDL cholesterol are not risk factors
for stroke. These findings are also comparable to those of
other previous cohort studies [18, 19, 25–29]. DM and
smoking had similar risk ratios to those obtained in previous
cohort studies [18, 30]. On the contrary, non-HDL choles-
terol and HDL cholesterol were risk factors for AMI [18,
19, 25–29].

eGFR was not significantly related to stroke, AMI, or
CVD. These findings imply that traditional risk factors,
including age, were more strongly related to outcomes and
exhibited collinearity with other risk factors. Regarding
other possible causes, recent studies have shown that pro-
teinuria, rather than eGFR, is a risk factor for CVD among
elderly people, whereas a relation with eGFR is observed for
younger cohorts [31, 32]. High eGFR caused by glomerular
hyper-filtration or decreasing muscle volume is also thought

to be a risk factor [33, 34]. Our results, which show that
eGFR was not a risk factor for CVD, may be attributable the
inclusion of a large number of elderly people. Our risk score
model does not include proteinuria because it could not be
measured as a risk factor in all study groups. This is a
limitation of this study. BMI was not a risk factor, nor was
eGFR. This result is also not unexpected, as BMI is a
mediator of blood pressure, serum cholesterol, and TG [35].

Another limitation of the present JALS findings is that
only one baseline measurement was performed, and no
repeated data collection was performed during the follow-
up period 2002–2010. Therefore, the estimation of risk may
be slightly diluted. However, this regression dilution effect
may be overcome to some extent by the large sample size
used to estimate the risk ratios.

In conclusion, this absolute incidence and mortality risk
scoring system for Japanese people is based on the most
recent data (2002–2010) and a large-scale, standardized
cohort study. This scoring system could be used not only for
patient education but also to develop population strategies
to reduce the risk of CVD among the public.

Acknowledgments The JALS study was supported by the Japan
Arteriosclerosis Prevention Fund and by Grants-in-Aid for Scientific

Table 6 (continued)

Age categories (year)

Scoreb 40–49 50–59 60–69 70–79 80–89

5 year 10 year 5 year 10 year 5 year 10 year 5 year 10 year 5 year 10 year

5 0.10 0.24 0.14 0.43 0.29 1.32 1.04 5.29 4.29 8.40

10 0.13 0.34 0.20 0.61 0.40 1.87 1.47 7.39 6.01 11.67

15 0.19 0.48 0.29 0.86 0.57 2.63 2.07 10.29 8.40 16.09

20 0.27 0.67 0.40 1.21 0.81 3.70 2.91 14.24 11.67 21.97

25 0.38 0.95 0.57 1.70 1.14 5.19 4.09 19.53 16.09 29.59

30 0.54 1.34 0.81 2.40 1.61 7.26 5.74 26.45 21.97 39.12

35 0.76 1.89 1.14 3.38 2.27 10.10 8.02 35.24 29.59 50.43

40 1.07 2.66 1.61 4.74 3.19 13.98 11.15 45.91 39.12 62.93

45 1.51 3.74 2.26 6.64 4.48 19.19 15.40 58.06 50.43 75.43

50 2.13 5.24 3.18 9.26 6.28 26.01 21.06 70.74 62.93 86.26

55 2.99 7.33 4.47 12.84 8.76 34.69 28.43 82.41 75.43 93.96

60 4.21 10.21 6.27 17.66 12.16 45.26 37.68 91.44 86.26 98.11

aValues mean 5- and 10-year absolute absolute risks for stroke, AMI, and the composite outcomes of stroke and AMI, and for mortality from CVD,
according to age categories.
bScore mean subtract values age score from total score.

For example, score “0” for 75 year means woman having no risk factors except for age score. Stroke score for 75 year (score= 23) man (score= 4)
in grade II hypertension without medication (score= 21), nondiabetes (score= 0) and nonsmoking (score= 0) is 25 (total score 48), and
corresponding 5-year absolute risk of stroke is 3.08%.

Absolute incidence risks for 10 years were estimated by combining the first and last 5-year absolute risks, where the last 5-year risk was calculated
using the next age category score. For the previous example, 10-year absolute risk of stroke for 75 year could be referred 8.07% in the score= 25
row and 70–79 year column, where last 5 year risk was calculated using age score with 80–89 year
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