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BACKGROUND: There have been limited data examining the age-dependent relationship of wide-range risk factors with the 
incidence of each subtype of cardiovascular disease (CVD) event. We assessed age-related associations between modifiable 
risk factors and the incidence of CVD.

METHODS AND RESULTS: We analyzed 3 027 839 participants without a CVD history enrolled in the JMDC Claims Database 
(mean age, 44.8±11.0 years; 57.6% men). Each participant was categorized as aged 20 to 49 years (n=2 008 559), 50 to 
59 years (n=712 273), and 60 to 75 years (n=307 007). Using Cox proportional hazards models and the relative risk reduction, 
we identified associations between risk factors and incident CVD, consisting of myocardial infarction, angina pectoris, stroke, 
and heart failure (HF). We assessed whether the association of risk factors for developing CVD would be modified by age cat-
egory. Over a mean follow-up of 1133 days, 6315 myocardial infarction, 56 447 angina pectoris, 28 079 stroke, and 56 369 HF 
events were recorded. The incidence of myocardial infarction, angina pectoris, stroke, and HF increased with age category. 
Hazard ratios of obesity, hypertension, and diabetes in the multivariable Cox regression analyses for myocardial infarction, an-
gina pectoris, stroke, and HF decreased with age category. The relative risk reduction of obesity, hypertension, and diabetes 
for CVD events decreased with age category. For example, the relative risk reduction of hypertension for HF decreased from 
59.2% in participants aged 20 to 49 years to 38.1% in those aged 60 to 75 years.

CONCLUSIONS: The contribution of modifiable risk factor to the development of CVD is greater in younger compared with older 
individuals. Preventive efforts for risk factor modification may be more effective in younger people.
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Cardiovascular disease (CVD) is one of the lead-
ing causes of mortality and morbidity.1,2 CVD 
predominantly occurs in middle-aged or elderly 

people. However, recent epidemiological data sug-
gest that the incidence of CVD has remained stable or 
even increased among young adults,3–7 and, thus, at-
tempts to identify the optimal strategy to prevent CVD 

in younger people are becoming increasingly essen-
tial. Risk factor modification is the most important pre-
ventive measure in CVD, and we have reported that 
modifiable risk factors played a critical role in develop-
ing CVD among young adults as well.8–10 Furthermore, 
several studies reported that the relative contribution 
of modifiable risk factors to developing CVD could 
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be greater in younger people.11–14 However, preced-
ing studies focused on age-dependent differences in 
specific risk factors or specific CVD events, and there 
has been to date no comprehensive investigation ex-
amining the age-dependent relationship between the 
full range of risk factors and the subsequent risk of 
each CVD event. The objective of the present study 
was, therefore, to identify the age-dependent rela-
tionship between each modifiable risk factor and the 
risk of developing each CVD event using a nationwide 
combined data set of health checkup and administra-
tive claims records.

METHODS
Data Availability
The JMDC Claims Database is accessible under a 
contract from JMDC Inc (Tokyo, Japan; https://www.
jmdc.co.jp/en/index).

Study Design
We conducted this retrospective observational study 
through analyses of the JMDC Claims Database 
(JMDC Inc) between 2005 and 2020.15–17 This data set 
includes individual health insurance claims data of >60 
insurers as well as employees’ annual health checkup 
data, including data and hospital claims (inpatient and 
outpatient) according to the International Classification 
of Diseases, Tenth Revision (ICD-10), coding.

Study Participants
We extracted 3 918 148 individuals who underwent the 
health checkup, including physical examination (eg, 
body mass index and blood pressure) and blood test, 
>4 months after the enrollment of the insurance. Given 
that the prescription period is 3 months maximum in the 
universal health insurance system in Japan, a 4-month 
look-back period was set. We obtained information on 
the history of CVD, dialysis, and renal transplantation, 
as well as medication prescription for hypertension, 
diabetes, and dyslipidemia, from the administrative 
claims data. From this population, we excluded the fol-
lowing individuals: (1) those aged <20 years (n=13 258), 
(2) those with a CVD history of myocardial infarction 
(MI), angina pectoris (AP), stroke, heart failure (HF), dial-
ysis, or renal transplantation (n=149 428), and (3) those 
with missing data on cigarette smoking (n=261 579) 
and physical activity (n=466 044). Consequently, the 
final study population included 3 027 839 participants 
(Figure 1).

Ethical Approval
The University of Tokyo’s Ethical Committee granted 
approval for this study (number 2018-10862), which 
adhered to the Declaration of Helsinki. Because all of 
the information included in the JMDC Claims Database 
was deidentified, the requirement for informed consent 
was waived.

Variables and Measurement
We collected the following data using standardized pro-
tocols at the initial health checkup of each participant: 
body mass index, blood pressure, and fasting labora-
tory values. Information for cigarette smoking (current 
or noncurrent) was self-reported. We defined obesity 
as body mass index of ≥25 kg/m2.18 Hypertension was 
defined as systolic blood pressure of ≥140 mm Hg, 

CLINICAL PERSPECTIVE

What Is New?
•	 Our analysis of ≈3 000 000 people without a 

history of cardiovascular disease showed that 
hazard ratios of modifiable risk factors (eg, obe-
sity, hypertension, and diabetes) for myocardial 
infarction, angina pectoris, stroke, and heart 
failure decreased with age category.

•	 Similarly, the relative risk reduction of these risk 
factors for cardiovascular disease events de-
creased with age category.

•	 The discriminative ability of each prediction 
model evaluated using the Harrell C statistic, 
including modifiable risk factors for cardiovas-
cular disease events in participants aged 20 to 
49 years, was higher than in those aged 50 to 
59 and 60 to 75 years.

What Are the Clinical Implications?
•	 This is the first investigation of age-dependent 

association between the full range of risk fac-
tors and each cardiovascular event separately 
using a large-scale epidemiological data set 
and showed that the relationship of specific risk 
factors, including obesity, hypertension, and 
diabetes, and the risk of developing myocardial 
infarction, angina pectoris, stroke, and heart fail-
ure attenuated with age.

•	 Despite the fact that risk factor modification 
is crucial throughout the life course to reduce 
the cardiovascular disease burden, preventive 
efforts for risk factor optimization may bring 
younger people a greater benefit.

Nonstandard Abbreviations and Acronyms

AP	 angina pectoris
RRR	 relative risk reduction
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diastolic blood pressure of ≥90 mm Hg, or use of 
blood pressure–lowering medications. Diabetes was 
defined as fasting glucose level of ≥126 mg/dL or use 
of glucose-lowering medications. Dyslipidemia was 
defined as low-density lipoprotein cholesterol level of 
≥140 mg/dL, high-density lipoprotein cholesterol level 
of <40 mg/dL, triglyceride level of ≥150 mg/dL, or use 
of lipid-lowering medications. Physical inactivity was 
defined as not exercising for 30 minutes at least twice 
a week or not walking 1 hour each day, as we previ-
ously described.19 The outcomes between January 
2005 and April 2020 were collected. The primary out-
comes included MI (ICD-10 codes: I210, I211, I212, 
I213, I214, and I219), AP (ICD-10 codes: I200, I201, 
I208, and I209), stroke (ICD-10 codes: I630, I631, I632, 
I633, I634, I635, I636, I638, I639, I600, I601, I602, 
I603, I604, I605, I606, I607, I608, I609, I610, I611, I613, 
I614, I615, I616, I619, I629, and G459), and HF (ICD-10 
codes: I500, I501, I509, and I110).

Statistical Analysis
Data are expressed as mean (SD) for continuous vari-
ables or number (percentage) for categorical variables. 
We calculated summary statistics for the characteristics 
of study participants between 3 categories based on 
age (20–49, 50–59, and 60–75 years). We performed 
multivariable Cox regression analyses adjusted for age, 
sex, obesity, hypertension, diabetes, dyslipidemia, ciga-
rette smoking, and physical inactivity, and obtained haz-
ard ratios (HRs) of age (per 1 year), obesity (nonobese as 
reference), hypertension (nonhypertension as reference), 

diabetes (nondiabetes as reference), dyslipidemia (non-
dyslipidemia as reference), cigarette smoking (nonsmok-
ing as reference), and physical inactivity (physical activity 
as reference) to assess the association between each of 
these risk factors and incidence of CVD events in each 
age category. The P values for multiplicative interactions 
between each disease and the 3 age categories were 
calculated. The relative risk reduction (RRR) presents 
the potential proportion of individuals with a disease that 
could be attributed to each exposure factor (ie, the pro-
portional reduction estimated to occur if the exposure 
to that particular risk factor [eg, hypertension or diabe-
tes] would be normalized). On the basis of this concept, 
we estimated the RRR as the proportion of each CVD 
event that would be preventable if each modifiable risk 
factor could be normalized based on HRs of each risk 
factor (ie, RRR=[HR–1]/HR).20 The discriminative ability 
of each prediction model, including modifiable risk fac-
tors (obesity, hypertension, diabetes, dyslipidemia, ciga-
rette smoking, and physical inactivity) with and without 
age and sex was assessed using C statistics (Harrell C 
statistics).21 We performed 8 sensitivity analyses. First, 
we used multiple imputations for missing data on the 
assumption of data missing at random, as previously 
described,22,23 and we imputed the missing data for 
covariates using the chained equation method with 
20 iterations, as described by Aloisio.24 After that, we 
calculated HRs and SEs using Rubin rules.25 Second, 
we analyzed the population after excluding participants 
who were receiving medications for hypertension, dia-
betes, or dyslipidemia. Third, we included body mass 

Figure 1.  Flowchart.
We extracted 3 918 148 individuals who underwent the health checkup, including physical 
examination and blood test data, >4 months after the insurance enrollment. Given that the 
maximum prescription period is 3 months in the universal health insurance system in Japan, we 
set a 4-month look-back period. We obtained information on the history of CVD, dialysis, and renal 
transplantation, as well as medication prescription for hypertension, diabetes, and dyslipidemia, 
from the administrative claims data. From this population, we excluded the following individuals: 
(1) those aged <20 years (n=13 258), (2) those with a CVD history of myocardial infarction, angina 
pectoris, stroke, heart failure, dialysis, or renal transplantation (n=149 428), and (3) those with 
missing data on cigarette smoking (n=261 579) and physical activity (n=466 044). Consequently, 
the final study population included 3 027 839 participants. CVD indicates cardiovascular disease.
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index, systolic blood pressure, and low-density lipopro-
tein cholesterol as continuous values instead of obe-
sity, hypertension, and dyslipidemia in the multivariable 
model. Fourth, death could be considered as a com-
peting risk with CVD events, and thus, we conducted 
the cause-specific Cox proportional hazard modeling 
as a competing risks analysis.26,27 Fifth, we added the 
year of the initial heath checkup of each participant (3-
year interval) into covariates in the multivariable model. 
Sixth, we categorized the study participants using the 
tertile of age (20–40, 41–50, and 51–75 years). Seventh, 
because the general retirement age of employees in 
Japan is 60 years, we excluded people aged >60 years 
and compared the association between risk factors and 
incident CVD between people aged 20 to 44, 45 to 54, 
and 55 to 60 years. Eighth, we examined age-stratified 
relationships of risk factors with all-cause mortality. 
The statistical significance level was set at P<0.05, and 
STATA version 17 was used to conduct statistical analy-
ses (StataCorp LLC, College Station, TX).

RESULTS
Clinical Characteristics
The clinical characteristics of study participants are 
summarized in Table  1. On the basis of the age at 
health checkup, we categorized 3 027 839 partici-
pants into 3 groups: 20 to 49 years (n=2 008 559), 50 to 
59 years (n=712 273), and 60 to 75 years (n=307 007). 
The prevalence of hypertension, diabetes, and dys-
lipidemia increased with age, whereas that of cigarette 
smoking and physical inactivity decreased with age.

Incidence of CVDs and HRs of Each Risk 
Factor for CVD Stratified by Age

The age-stratified incidence of CVDs and HRs of 
each risk factor for CVD stratified are summarized in 
Table S1 and Figure 2. During a mean (SD) follow-up 
of 1133 (931) days, 6315 MI, 56 447 AP, 28 079 stroke, 
and 56 369 HF events were documented. The inci-
dence rates (95% CI) for CVD events, including MI, AP, 
stroke, and HF, were the lowest in the 20 to 49 years 
age group (4.1 [3.9–4.3], 41.0 [40.5–41.5], 16.6 [16.3–
16.9], and 39.1 [38.6–39.6] per 10 000 person-years, 
respectively), followed by those in the 50 to 59 years 
age group (10.6 [10.2–11.1], 90.9 [89.7–92.2], 47.2 
[46.3–48.1], and 89.4 [88.1–90.6] per 10 000 person-
years, respectively) and 60 to 75 years age group (16.3 
[15.4–17.2], 134.7 [132.2–137.4], 88.9 [86.8–91.0], and 
153.2 [150.5–156.0] per 10 000 person-years, respec-
tively). The HRs of obesity, hypertension, and diabetes 
for each CVD event decreased with age. However, this 
age-dependent tendency was not clearly observed in 
cigarette smoking and physical inactivity. P values for 
age–risk factor interactions were significant for obesity, 
hypertension, diabetes, and cigarette smoking in MI; 
hypertension, diabetes, dyslipidemia, and cigarette 
smoking in AP; obesity, hypertension, and diabetes in 
stroke; and obesity, hypertension, diabetes, dyslipid-
emia, cigarette smoking, and physical inactivity in HF.

Relative Risk Reduction
The RRR of each risk factor, stratified by age, 

is summarized in Figure  3 and Table  S2. The RRR 
(95% CI) for each CVD event associated with obesity, 

Table 1.  Characteristics of Study Population

Characteristic Individuals aged 20–49 y Individuals aged 50–59 y Individuals aged 60–75 y

No. 2 008 559 712 273 307 007

Age, y 39 (7) 54 (3) 64 (3)

Men, n (%) 1 144 560 (57.0) 416 249 (58.4) 184 729 (60.2)

Obesity, n (%) 463 787 (23.1) 194 274 (27.3) 76 122 (24.8)

Body mass index, kg/m2 22.7 (3.9) 23.2 (3.6) 23.0 (3.3)

Hypertension, n (%) 209 465 (10.4) 212 735 (29.9) 135 040 (44.0)

Systolic blood pressure, mm Hg 116 (15) 123 (17) 128 (17)

Diastolic blood pressure, mm Hg 71 (11) 77 (12) 78 (11)

Diabetes, n (%) 42 803 (2.1) 51 260 (7.2) 35 826 (11.7)

Fasting plasma glucose, mg/dL 91 (15) 98 (20) 102 (21)

Dyslipidemia, n (%) 642 656 (32.0) 373 802 (52.5) 179 372 (58.4)

Low-density lipoprotein cholesterol, mg/dL 116 (31) 129 (31) 128 (31)

High-density lipoprotein cholesterol, mg/dL 63 (16) 65 (18) 65 (17)

Triglycerides, mg/dL 98 (82) 114 (89) 113 (76)

Cigarette smoking, n (%) 533 999 (26.6) 183 858 (25.8) 64 130 (20.9)

Physical inactivity, n (%) 1 076 534 (53.6) 381 395 (53.5) 138 086 (45.0)

Data are presented as mean (SD) for continuous variables or number (percentage) for categorical variables. Participants were categorized into 3 groups, 
aged 20 to 49, 50 to 59, and 60 to 75 years.
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hypertension, and diabetes decreased with age cate-
gories. Detailed data on RRR are shown in Table S2.

Harrell C Statistic
The C statistics for models including obesity, hyperten-
sion, diabetes, dyslipidemia, cigarette smoking, and 
physical inactivity for each CVD event in participants 
aged 20 to 49 years were 0.712, 0.614, 0.610, and 0.620, 
respectively; those in participants aged 50 to 59 years 
were 0.694, 0.596, 0.598, and 0.604, respectively; and 

those in participants aged 60 to 75 years were 0.640, 
0.577, 0.585, and 0.586, respectively. The C statistics 
for MI, AP, stroke, and HF were increased after adding 
age and sex to the model (Table 2).

Sensitivity Analyses
First, we analyzed 3 755 462 participants after incor-
porating multiple imputations for missing data. During 
a mean (SD) follow-up of 1201 (977) days, 8074 MI, 
73 053 AP, 35 765 stroke, and 72 452 HF cases were 

Figure 2.  HRs of modifiable risk factors for cardiovascular events.
HRs (95% CIs) of obesity, hypertension, diabetes, dyslipidemia, cigarette smoking, and physical inactivity for myocardial infarction (A), 
angina pectoris (B), stroke (C), and heart failure (D) are summarized. HR indicates hazard ratio.
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recorded. The age-stratified associations between risk 
factors and incident CVD are summarized in Table S3. 
The age-stratified relationship between each risk fac-
tor was similar, and incident CVD findings were un-
changed after multiple imputations for missing data. 
Second, after excluding 373 289 participants who 
were receiving blood pressure–lowering medications, 
glucose-lowering medications, or lipid-lowering medi-
cations, we analyzed 2 654 550 participants. During a 
mean (SD) follow-up of 1134 (942) days, 4329 MI, 41 

039 AP, 20 211 stroke, and 39 949 HF events were re-
corded. Even in this model, the age-stratified relation-
ship of risk factors with the incidence of CVD was similar 
(Table S4). Third, in the multivariable model using body 
mass index, systolic blood pressure, and low-density 
lipoprotein cholesterol level instead of obesity, hyper-
tension, and dyslipidemia, respectively, the results 
were similar in terms of the age-dependent relation-
ship between risk factors and incident CVD, as shown 
in Table S5. Fourth, we calculated cause-specific HR 

Figure 3.  Relative risk reduction of modifiable risk factors for cardiovascular events.
Relative risk reductions of obesity, hypertension, diabetes, dyslipidemia, cigarette smoking, and physical inactivity for myocardial 
infarction (A), angina pectoris (B), stroke (C), and heart failure (D) are summarized. Using HRs of modifiable risk factors in multivariable 
Cox regression models, we calculated relative risk reduction as following formula: relative risk reduction=(HR–1)/HR. HR indicates 
hazard ratio.
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to account for the competing risk of death, as shown in 
Table S6. The age-specified association between risk 
factors and the risk of developing CVD was compa-
rable in this case scenario. Fifth, the age-dependent 
relationship between risk factors and incident CVD did 
not change after adding the year of the initial health 
checkup (3-year interval) in the multivariable model 
(Table S7). Sixth, when we stratified our study partici-
pants using the tertile of age, our primary findings did 
not change (Table  S8). Seventh, the age-dependent 
relationship was also present in people aged 20 to 
60 years (Table S9). Eighth, the age-dependent asso-
ciation was observed in hypertension when we defined 
all-cause mortality as outcome (Table S10).

DISCUSSION
Our findings based on the analyses using a nationwide 
claims database, enrolling a general population of >3 
million adults without a prevalent CVD history, dem-
onstrated age-specific differences in the relationship 
between traditional risk factors and incident CVD, in-
cluding MI, AP, stroke, and HF. Specifically, modifiable 
risk factors, such as obesity, hypertension, and diabe-
tes, imposed a higher proportion of risk and a greater 
RRR on younger individuals than on older individuals.

To the best of our knowledge, the present study is 
the largest population-based investigation to describe 
age-stratified differences in the strengths of relation-
ship between the full spectrum of modifiable risk fac-
tors and the risk of each CVD event separately. Our 
results were in agreement with those of previous stud-
ies, with smaller populations that focused on specific 
risk factor or composite CVD outcomes.

The WHS (Women’s Health Study) analyzed 
28 024 women and indicated that the associations 
between risk factors, such as obesity and hyperten-
sion, and coronary heart disease were attenuated 

with increasing age at onset.11 The analysis of the US 
National Inpatient Sample demonstrated that modifi-
able risk factors, such as obesity, hypertension, and 
diabetes, were common and that they increased over 
time in young adults (aged 18–59 years) with the first 
acute MI.12 In terms of HF, recent analysis of the FHS 
(Framingham Heart Study), PREVEND (Prevention of 
Renal and Vascular Endstage Disease) study, and 
MESA (Multi-Ethnic Study of Atherosclerosis) demon-
strated that hypertension, diabetes, current smoking, 
and history of MI conferred a greater relative risk for 
future HF in younger people than in elderly people. The 
known risk factors explained a higher proportion of 
population-attributable risk for HF in younger people 
(aged <55 years) than in elderly people (aged ≥75 years) 
(75% versus 53%, respectively).13 The CALIBER 
(Cardiovascular Research Using Linked Bespoke 
Studies and Electronic Health Records) demonstrated 
that the relative risk of hypertension for 12 CVDs de-
clined with age. The association between both systolic 
and diastolic blood pressure and incident CVD de-
creased with age (eg, the HRs of 20-mm Hg increase 
in systolic blood pressure for ischemic stroke were 
1.57, 1.37, and 1.16 in patients aged 30–59, 60–79, 
and ≥80 years, respectively).28 The importance of risk 
factor management in young adults is suggested by 
the analyses from the CARDIA (Coronary Artery Risk 
Development in Young Adults) study.29–31 For example, 
early onset of hypertension (aged <35 years) was re-
lated to a higher risk of end-organ damage.29 Similar 
age-dependent association was observed in diabetes 
as well.14,32,33 An analysis of the Swedish NDR (National 
Diabetes Registry) demonstrated that mortality risk 
and cardiovascular risk were attenuated with increas-
ing age of diagnosis for type 2 diabetes.14 An analysis 
of the National Diabetes Services Scheme in Australia 
showed that an earlier diagnosis of type 2 diabetes 
was associated with a higher relative risk for mortality, 
mainly attributable to CVDs. A 10-year earlier diagnosis 

Table 2.  Harrell C Statistics for CVD Event

Variable Individuals aged 20–49 y Individuals aged 50–59 y Individuals aged 60–75 y Overall

Model including obesity, hypertension, diabetes, dyslipidemia, cigarette smoking, and physical inactivity

Myocardial infarction 0.712 0.694 0.640 0.726

Angina pectoris 0.614 0.596 0.577 0.639

Stroke 0.610 0.598 0.585 0.651

Heart failure 0.620 0.604 0.586 0.655

Model including age, sex, obesity, hypertension, diabetes, dyslipidemia, cigarette smoking, and physical inactivity

Myocardial infarction 0.738 0.717 0.686 0.771

Angina pectoris 0.652 0.601 0.592 0.691

Stroke 0.630 0.615 0.612 0.707

Heart failure 0.647 0.615 0.609 0.708

The discriminative ability of each prediction model, including modifiable risk factors (obesity, hypertension, diabetes, dyslipidemia, cigarette smoking, and 
physical inactivity) with and without age and sex, was assessed using C statistics (Harrell C statistic). CVD indicates cardiovascular disease.
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was associated with a 1.2 to 1.3 times higher mortality 
and ≈1.6 times increased risk of death attributable to 
CVD.32 These findings are in line with patients with type 
1 diabetes.33 These studies amplify the support for 
preventing lifestyle-related disease onset in younger 
people. Our findings demonstrating the possible age-
dependent relationship between modifiable risk fac-
tors and the subsequent risk of developing CVDs are 
in agreement with these previous studies.

Several potential explanations could be suggested 
for our findings. First, the relative risk associated with 
risk factors (such as obesity, hypertension, and dia-
betes) may be enhanced in young people because 
the baseline absolute risk of CVDs is generally lower 
in younger individuals than that in older individu-
als. Second, as previous epidemiological data have 
demonstrated,34,35 the control status of risk fac-
tors could be worse in younger people than that in 
older people; therefore, the higher severity of risk 
factors might have more pronounced the effects of 
risk factors on incident CVD in younger participants. 
However, this is less likely judging from our data that 
even after excluding participants who were receiving 
treatment for hypertension, diabetes, or dyslipidemia, 
the results were similar. Third, although we included 
established risk factors for CVD in multivariable Cox 
regression analyses, unmeasured or unknown factors 
could affect the results. For example, socioeconomic 
status could be poor in young people with multiple 
risk factors, which may have contributed to a higher 
incidence of CVD. Fourth, people with elevated risk 
factors at a young age could represent a more “severe 
phenotype of risk” and likely also experience a longer 
exposure to the cumulative effects of each risk factor, 
certainly compared with older people with elevated 
risk factors who may have recently developed these 
risk factor abnormalities.36–38 Fifth, the pathological 
features of CVD in older people may be complicated 
by more prolonged interaction between risk factors 
and environment, as well as development of noncar-
diovascular comorbidities (eg, cancer), compared 
with younger people. Most important, physiological 
or pathological aging process itself could contribute 
to the development of CVD greater in older population 
than other risk factors.

The strengths of our investigation include a large 
general population and high retention of study par-
ticipants. Our data set includes administrative claims 
records combined with annual health checkup data 
from employees’ insurance programs. Notably, clinical 
observational records collected from claims data were 
included in this data set as well, and thus, we could 
theoretically track an individual’s clinical information 
even if the individual visits multiple medical providers 
as long as the individual remains under the same in-
surance coverage.

We acknowledge several limitations in the present 
study, and most limitations are attributable to the use 
of this health checkup and administrative claims data 
set. For example, data on the socioeconomic status 
of participants, which could influence the results, are 
not available. The recorded diagnoses in claims da-
tabases are considered less well validated compared 
with prospective registries. Yet, as for the incidence 
rate of CVD events, our data from the JMDC Claims 
Database are comparable to other epidemiological 
data in Japan.39 Because this database primarily 
consists of the working-age population in Japan, we 
should consider a possibility of selection bias when 
we interpret the results. In particular, this data set 
does not include people who were aged >75 years, 
and thus, we could not evaluate the relationship of 
risk factors and CVD in the elderly population. Further 
investigations using other independent data sets (eg, 
including elderly population or other races and ethnic-
ities) are required to validate our findings. Detection 
bias could cause overestimation or underestimation 
of the link between some risk factors and the sub-
sequent risk of developing CVD. For example, CVD 
could be more likely to be diagnosed in participants 
with multiple risk factors, such as obesity, hyperten-
sion, and diabetes, because these people use med-
ical services more frequently than those with no risk 
factors, which may influence the possibility of detec-
tion of CVD. In this study, the relative association be-
tween risk factors, including obesity, hypertension, 
and diabetes, and the incidence of CVD attenuated 
with age. However, this age-dependent relationship of 
risk factors with the incidence of CVD appeared less 
pronounced for other risk factors. Indeed, HRs of cig-
arette smoking and physical inactivity might even be 
higher in the older age categories than the younger 
age categories, particularly for HF. Underlying mech-
anisms of this reversed interaction are needed to be 
investigated in further studies. Further investigations, 
including data on the cumulative exposure and tra-
jectory of each risk factor, are necessary to confirm 
our findings. In addition, the comparison of biomark-
ers (eg, carotid artery intima-media thickness) would 
be important as well. We excluded individuals with a 
CVD history, and this criterion would lead to a selec-
tion bias, particularly in older individuals. Given that 
the prevalence of people having a CVD history in-
creases with age, healthier elderly individuals could 
have been included, according to this enrollment cri-
terion. Data on cigarette smoking and physical activity 
were obtained from self-reported questionnaires. This 
subjective manner should be considered a study lim-
itation. Last, our results presented that the relative as-
sociation of modifiable risk factors with incident CVD 
was attenuated with age. On the other hand, given the 
increasing prevalence of these risk factors with age, 
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we need to consider the absolute risk as well. Further 
investigations and discussions are required to identify 
the best use of public health/primordial prevention re-
sources from the public health viewpoint.

In conclusion, these large nationwide data show 
that, despite the lower incidence of CVDs (such as MI, 
AP, stroke, and HF) in younger compared with older 
individuals, the contribution of modifiable risk factors 
(including obesity, hypertension, and diabetes) to the 
development of CVD is greater in younger compared 
with older people. Risk factor optimization is essential 
throughout the life course to lessen the burden of CVD; 
preventive efforts for risk factor optimization may be of 
higher value in younger individuals.
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Table S1. Age Stratified Associations of Risk Factors with Incidence of Cardiovascular Disease 
 20-49 Years 50-59 Years 60-75 Years P for interaction 
 (n=2,008,559) (n=712,273) (n=307,007)  
Myocardial Infarction     
Number of Events 2,573 2,473 1,269  
Incidence Rate (per 10,000 person-year) 4.1 (3.9-4.3) 10.6 (10.2-11.1) 16.3 (15.4-17.2)  
Age 1.07 (1.06-1.07) 1.05 (1.03-1.06) 1.07 (1.05-1.08) --------- 
Men 1.63 (1.47-1.82) 2.31 (2.05-2.59) 2.58 (2.22-3.01) --------- 
Obesity 1.47 (1.35-1.61) 1.43 (1.31-1.55) 1.03 (0.91-1.16) <0.001 
Hypertension 1.96 (1.79-2.15) 1.55 (1.42-1.68) 1.40 (1.25-1.57) <0.001 
Diabetes Mellitus 2.30 (2.02-2.61) 1.65 (1.48-1.83) 1.55 (1.35-1.78) <0.001 
Dyslipidemia 1.68 (1.54-1.83) 1.76 (1.61-1.92) 1.52 (1.35-1.72) 0.12 
Cigarette Smoking 1.73 (1.60-1.88) 1.81 (1.67-1.97) 1.48 (1.31-1.67) 0.023 
Physical Inactivity 1.04 (0.96-1.12) 1.01 (0.93-1.10) 1.12 (1.00-1.25) 0.41 
Angina Pectoris     
Number of Events 25,484 20,729 10,234  
Incidence Rate (per 10,000 person-year) 41.0 (40.5-41.5) 90.9 (89.7-92.2) 134.7 (132.2-137.4)  
Age 1.06 (1.05-1.06) 1.03 (1.03-1.04) 1.05 (1.05-1.06) --------- 
Men 1.10 (1.07-1.13) 1.09 (1.06-1.13) 1.16 (1.11-1.21) --------- 
Obesity 1.22 (1.18-1.26) 1.17 (1.13-1.20) 1.16 (1.11-1.21) 0.10 
Hypertension 1.81 (1.76-1.87) 1.53 (1.48-1.57) 1.37 (1.32-1.43) <0.001 
Diabetes Mellitus 1.60 (1.52-1.69) 1.37 (1.31-1.43) 1.22 (1.15-1.29) <0.001 
Dyslipidemia 1.24 (1.21-1.27) 1.23 (1.20-1.27) 1.17 (1.12-1.22) 0.029 
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Cigarette Smoking 1.01 (0.98-1.03) 1.05 (1.02-1.09) 1.05 (1.00-1.10) 0.037 
Physical Inactivity 1.05 (1.03-1.08) 1.04 (1.01-1.06) 1.09 (1.05-1.14) 0.091 
Stroke     
Number of Events 10,385 10,877 6,817  
Incidence Rate (per 10,000 person-year) 16.6 (16.3-16.9) 47.2 (46.3-48.1) 88.9 (86.8-91.0)  
Age 1.09 (1.08-1.09) 1.06 (1.05-1.07) 1.08 (1.07-1.09) --------- 
Men 0.93 (0.89-0.98) 1.05 (1.01-1.10) 1.05 (0.99-1.10) --------- 
Obesity 1.15 (1.10-1.20) 1.02 (0.98-1.07) 1.01 (0.95-1.07) 0.001 
Hypertension 2.33 (2.23-2.44) 1.75 (1.68-1.82) 1.48 (1.41-1.56) <0.001 
Diabetes Mellitus 1.33 (1.22-1.45) 1.30 (1.22-1.38) 1.17 (1.09-1.25) 0.042 
Dyslipidemia 1.11 (1.07-1.16) 1.11 (1.07-1.16) 1.05 (1.00-1.11) 0.20 
Cigarette Smoking 1.20 (1.15-1.26) 1.16 (1.11-1.21) 1.24 (1.17-1.32) 0.12 
Physical Inactivity 1.05 (1.00-1.09) 1.06 (1.02-1.10) 1.03 (0.98-1.08) 0.58 
Heart Failure     
Number of Events 24,318 20,422 11,629  
Incidence Rate (per 10,000 person-year) 39.1 (38.6-39.6) 89.4 (88.1-90.6) 153.2 (150.5-156.0)  
Age 1.05 (1.05-1.05) 1.05 (1.04-1.05) 1.07 (1.06-1.07) --------- 
Men 0.94 (0.91-0.97) 1.19 (1.15-1.23) 1.23 (1.18-1.28) --------- 
Obesity 1.35 (1.31-1.39) 1.25 (1.21-1.29) 1.23 (1.18-1.28) 0.003 
Hypertension 2.45 (2.38-2.53) 1.87 (1.82-1.93) 1.62 (1.56-1.68) <0.001 
Diabetes Mellitus 1.55 (1.46-1.63) 1.32 (1.26-1.38) 1.13 (1.07-1.19) <0.001 
Dyslipidemia 1.17 (1.13-1.20) 1.10 (1.07-1.13) 1.00 (0.96-1.04) <0.001 
Cigarette Smoking 1.06 (1.03-1.09) 1.06 (1.03-1.10) 1.11 (1.06-1.16) <0.001 
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Physical Inactivity 1.00 (0.98-1.03) 1.03 (1.00-1.06) 1.08 (1.04-1.12) 0.022 
Participants were categorized into three groups aged 20-49 years, 50-59 years, and 60-75 years. We performed the multivariable Cox 
regression analyses including age, sex, obesity, hypertension, diabetes mellitus, dyslipidemia, cigarette smoking, and physical 
inactivity. Hazard ratios (95% confidence interval) are presented. 
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Table S2. Relative Risk Reduction for Cardiovascular Disease Event with Risk Factors 

 20-49 Years 50-59 Years 60-75 Years Overall 

 (n=2,008,559) (n=712,273) (n=307,007) (n=3,027,839) 

Myocardial Infarction     

Obesity 32.1% (25.9%-37.7%) 29.9% (23.6%-35.6%) 2.5% (-10.6%-14.1%) 27.6% (23.6%-31.4%) 
Hypertension 49.1% (44.2%-53.6%) 35.4% (29.6%-40.6%) 28.4% (19.6%-36.2%) 39.6% (36.0%-42.9%) 

Diabetes Mellitus 56.5% (50.4%-61.8%) 39.3% (32.3%-45.5%) 35.5% (25.7%-43.9%) 43.6% (39.4%-47.6%) 
Dyslipidemia 40.4% (35.1%-45.3%) 43.1% (37.7%-48.0%) 34.4% (25.9%-42.0%) 40.6% (37.2%-43.7%) 
Cigarette Smoking 42.3% (37.5%-46.8%) 44.8% (40.2%-49.1%) 32.2% (23.5%-40.0%) 42.0% (38.9%-44.9%) 

Physical Inactivity 3.4% (-4.6%-10.8%) 1.2% (-7.1%-8.8%) 10.5% (0.0%-20.0%) 4.7% (-0.2%-9.4%) 

Angina Pectoris     

Obesity 18.0% (15.6%-20.3%) 14.4% (11.7%-17.0%) 13.5% (9.5%-17.2%) 17.2% (15.6%-18.7%) 

Hypertension 44.9% (43.1%-46.6%) 34.5% (32.6%-36.4%) 27.0% (24.0%-29.9%) 36.9% (35.6%-38.1%) 
Diabetes Mellitus 37.6% (34.1%-41.0%) 26.8% (23.5%-29.9%) 18.0% (13.3%-22.4%) 26.6% (24.4%-28.7%) 

Dyslipidemia 19.3% (17.1%-21.5%) 18.8% (16.5%-21.1%) 14.4% (10.8%-17.9%) 19.0% (17.6%-20.4%) 
Cigarette Smoking 0.6% (-2.3%-3.3%) 5.0% (2.0%-7.9%) 4.3% (-0.4%-8.9%) 3.4% (1.6%-5.3%) 
Physical Inactivity 5.0% (2.6%-7.4%) 3.4% (0.7%-6.1%) 8.6% (5.0%-12.1%) 5.8% (4.2%-7.3%) 

Stroke     

Obesity 12.9% (8.8%-16.8%) 2.2% (-2.1%-6.4%) 0.7% (-5.0%-6.1%) 7.8% (5.2%-10.2%) 

Hypertension 57.1% (55.1%-59.1%) 42.7% (40.4%-45.0%) 32.6% (29.2%-35.8%) 45.1% (43.6%-46.5%) 
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Diabetes Mellitus 24.8% (17.9%-31.1%) 22.9% (17.9%-27.5%) 14.5% (8.4%-20.1%) 19.2% (15.9%-22.5%) 
Dyslipidemia 10.2% (6.2%-14.0%) 10.2% (6.6%-13.7%) 5.2% (0.3%-9.8%) 9.8% (7.5%-12.0%) 

Cigarette Smoking 17.0% (13.3%-20.5%) 13.6% (9.8%-17.2%) 19.4% (14.7%-24.0%) 16.7% (14.4%-18.9%) 
Physical Inactivity 4.3% (0.5%-8.0%) 5.9% (2.2%-9.4%) 3.0% (-1.8%-7.5%) 5.2% (3.0%-7.5%) 

Heart Failure     

Obesity 25.9% (23.7%-28.0%) 19.9% (17.4%-22.3%) 18.5% (15.0%-21.7%) 23.3% (21.9%-24.7%) 
Hypertension 59.2% (58.0%-60.5%) 46.6% (45.0%-48.1%) 38.1% (35.7%-40.4%) 50.1% (49.1%-51.0%) 

Diabetes Mellitus 35.3% (31.7%-38.8%) 24.1% (20.7%-27.3%) 11.5% (6.8%-16.0%) 23.3% (21.0%-25.5%) 
Dyslipidemia 14.3% (11.8%-16.7%) 8.9% (6.3%-11.5%) -0.2% (-4.1%-3.5%) 9.0% (7.4%-10.6%) 
Cigarette Smoking 5.3% (2.5%-8.0%) 6.1% (3.1%-9.0%) 9.8% (5.7%-13.8%) 6.6% (4.8%-8.4%) 

Physical Inactivity 0.2% (-2.4%-2.8%) 3.1% (0.4%-5.7%) 7.6% (4.1%-11.0%) 2.9% (1.3%-4.5%) 

Participants were categorized into three groups aged 20-49 years, 50-59 years, and 60-75 years. 
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Table S3. Age Stratified Associations of Risk Factors with Incidence of Cardiovascular Disease After Multiple Imputations 
 20-49 Years 50-59 Years 60-75 Years P for interaction 
 (n=2,540,552) (n=847,622) (n=367,288)  
Myocardial Infarction     
Number of Events 3,413 3,157 1,504  
Incidence Rate (per 10,000 person-year) 4.0 (3.9-4.2) 10.9 (10.6-11.3) 15.9 (15.1-16.7)  
Age 1.07 (1.07-1.08) 1.05 (1.03-1.06) 1.07 (1.05-1.08) --------- 
Men 1.62 (1.48-1.78) 2.33 (2.10-2.58) 2.64 (2.29-3.04) --------- 
Obesity 1.49 (1.39-1.61) 1.39 (1.29-1.50) 1.06 (0.95-1.19) <0.001 
Hypertension 2.00 (1.85-2.16) 1.51 (1.40-1.62) 1.41 (1.27-1.57) <0.001 
Diabetes Mellitus 2.18 (1.95-2.44) 1.62 (1.48-1.79) 1.48 (1.30-1.68) <0.001 
Dyslipidemia 1.72 (1.59-1.85) 1.79 (1.65-1.94) 1.58 (1.42-1.77) 0.14 
Cigarette Smoking 1.72 (1.60-1.85) 1.79 (1.66-1.92) 1.51 (1.35-1.69) 0.045 
Physical Inactivity 1.02 (0.95-1.11) 1.01 (0.94-1.10) 1.11 (0.99-1.23) 0.47 
Angina Pectoris     
Number of Events 34,276 26,254 12,523  
Incidence Rate (per 10,000 person-year) 40.8 (40.4-41.2) 92.9 (91.8-94.0) 135.5 (133.1-137.9)  
Age 1.06 (1.06-1.06) 1.04 (1.03-1.04) 1.05 (1.05-1.06) --------- 
Men 1.11 (1.08-1.13) 1.11 (1.08-1.14) 1.16 (1.11-1.21) --------- 
Obesity 1.22 (1.19-1.25) 1.16 (1.13-1.19) 1.16 (1.12-1.21) 0.062 
Hypertension 1.79 (1.74-1.84) 1.53 (1.49-1.57) 1.37 (1.32-1.42) <0.001 
Diabetes Mellitus 1.60 (1.53-1.68) 1.39 (1.34-1.44) 1.23 (1.17-1.29) <0.001 
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Dyslipidemia 1.25 (1.22-1.28) 1.24 (1.21-1.27) 1.19 (1.15-1.24) 0.061 
Cigarette Smoking 1.01 (0.98-1.04) 1.05 (1.03-1.09) 1.05 (1.00-1.10) 0.014 
Physical Inactivity 1.05 (1.03-1.08) 1.03 (1.01-1.06) 1.09 (1.05-1.13) 0.099 
Stroke     
Number of Events 13,766 13,743 8,256  
Incidence Rate (per 10,000 person-year) 16.3 (16.0-16.5) 48.1 (47.3-48.9) 88.5 (86.6-90.4)  
Age 1.09 (1.08-1.09) 1.06 (1.05-1.07) 1.08 (1.07-1.09) --------- 
Men 0.94 (0.90-0.98) 1.07 (1.03-1.11) 1.05 (1.00-1.10) --------- 
Obesity 1.14 (1.09-1.18) 1.03 (1.00-1.08) 1.03 (0.97-1.08) 0.004 
Hypertension 2.30 (2.21-2.40) 1.74 (1.68-1.80) 1.49 (1.42-1.56) <0.001 
Diabetes Mellitus 1.37 (1.27-1.48) 1.31 (1.24-1.39) 1.14 (1.07-1.22) <0.001 
Dyslipidemia 1.11 (1.07-1.16) 1.12 (1.08-1.16) 1.06 (1.02-1.11) 0.18 
Cigarette Smoking 1.19 (1.14-1.24) 1.16 (1.11-1.20) 1.25 (1.18-1.32) 0.033 
Physical Inactivity 1.02 (0.99-1.07) 1.04 (1.00-1.08) 1.03 (0.98-1.08) 0.79 
Heart Failure     
Number of Events 32,470 25,824 14,158  
Incidence Rate (per 10,000 person-year) 38.6 (38.2-39.0) 91.1 (90.0-92.3) 153.3 (150.8-155.9)  
Age 1.05 (1.05-1.06) 1.05 (1.04-1.05) 1.06 (1.06-1.07) --------- 
Men 0.94 (0.92-0.97) 1.20 (1.16-1.23) 1.24 (1.20-1.29) --------- 
Obesity 1.35 (1.32-1.39) 1.25 (1.21-1.28) 1.23 (1.19-1.28) <0.001 
Hypertension 2.43 (2.37-2.50) 1.88 (1.83-1.93) 1.62 (1.57-1.68) <0.001 
Diabetes Mellitus 1.52 (1.45-1.59) 1.31 (1.26-1.36) 1.13 (1.07-1.18) <0.001 
Dyslipidemia 1.17 (1.14-1.20) 1.10 (1.07-1.13) 1.02 (0.98-1.05) <0.001 
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Cigarette Smoking 1.05 (1.02-1.08) 1.06 (1.04-1.10) 1.12 (1.08-1.17) <0.001 
Physical Inactivity 1.00 (0.98-1.03) 1.02 (1.00-1.05) 1.07 (1.03-1.11) 0.043 
We analyzed 3,755,462 participants after incorporating multiple imputations for missing data. Participants were categorized into three 
groups aged 20-49 years, 50-59 years, and 60-75 years. We performed the multivariable Cox regression analyses including age, sex, 
obesity, hypertension, diabetes mellitus, dyslipidemia, cigarette smoking, and physical inactivity. Hazard ratios (95% confidence 
interval) are presented. 
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Table S4. Age Stratified Associations of Risk Factors with Incidence of Cardiovascular Disease after Excluding Participants 
Taking Medications for Hypertension, Diabetes Mellitus, and Dyslipidemia 
 20-49 Years 50-59 Years 60-75 Years P for interaction 
 (n=1,908,287) (n=555,456) (n=190,807)  
Myocardial Infarction     
Number of Events 2,085 1,596 648  
Incidence Rate (per 10,000 person-year) 3.5 (3.4-3.7) 8.8 (8.4-9.2) 13.3 (12.3-14.4)  
Age 1.07 (1.06-1.07) 1.07 (1.05-1.09) 1.07 (1.05-1.10) --------- 
Men 1.56 (1.39-1.75) 2.40 (2.08-2.76) 2.89 (2.33-3.58) --------- 
Obesity 1.50 (1.37-1.65) 1.51 (1.36-1.68) 1.06 (0.88-1.28) 0.005 
Hypertension 1.86 (1.67-2.08) 1.47 (1.32-1.65) 1.40 (1.19-1.65) 0.010 
Diabetes Mellitus 2.47 (2.04-2.98) 1.74 (1.44-2.09) 1.58 (1.21-2.07) 0.015 
Dyslipidemia 1.68 (1.53-1.85) 1.80 (1.62-2.01) 1.69 (1.44-1.99) 0.31 
Cigarette Smoking 1.73 (1.58-1.90) 1.86 (1.68-2.06) 1.46 (1.24-1.73) 0.024 
Physical Inactivity 1.03 (0.94-1.13) 1.03 (0.93-1.14) 1.18 (1.01-1.38) 0.37 
Angina Pectoris     
Number of Events 21,857 13,881 5,301  
Incidence Rate (per 10,000 person-year) 37.2 (36.7-37.7) 77.8 (76.6-79.2) 111.0 (108.1-114.1)  
Age 1.06 (1.05-1.06) 1.04 (1.03-1.05) 1.06 (1.05-1.07) --------- 
Men 1.11 (1.07-1.14) 1.09 (1.05-1.13) 1.12 (1.06-1.19) --------- 
Obesity 1.22 (1.19-1.26) 1.21 (1.16-1.26) 1.25 (1.17-1.33) 0.73 
Hypertension 1.66 (1.59-1.72) 1.41 (1.36-1.47) 1.18 (1.11-1.25) <0.001 
Diabetes Mellitus 1.55 (1.42-1.69) 1.37 (1.27-1.49) 1.25 (1.12-1.41) 0.010 
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Dyslipidemia 1.22 (1.18-1.25) 1.21 (1.17-1.25) 1.14 (1.08-1.20) 0.072 
Cigarette Smoking 0.99 (0.96-1.02) 1.04 (1.00-1.08) 1.06 (0.99-1.13) 0.065 
Physical Inactivity 1.06 (1.03-1.09) 1.04 (1.00-1.07) 1.10 (1.04-1.16) 0.22 
Stroke     
Number of Events 8,966 7,497 3,748  
Incidence Rate (per 10,000 person-year) 15.2 (14.9-15.5) 41.7 (40.7-42.6) 77.9 (75.5-80.5)  
Age 1.09 (1.08-1.09) 1.07 (1.06-1.07) 1.08 (1.07-1.10) --------- 
Men 0.93 (0.89-0.98) 1.02 (0.97-1.07) 1.04 (0.97-1.12) --------- 
Obesity 1.13 (1.08-1.19) 1.05 (0.99-1.11) 1.05 (0.97-1.14) 0.17 
Hypertension 2.36 (2.24-2.49) 1.81 (1.72-1.91) 1.46 (1.36-1.56) <0.001 
Diabetes Mellitus 1.39 (1.22-1.59) 1.26 (1.13-1.41) 1.17 (1.02-1.35) 0.23 
Dyslipidemia 1.10 (1.05-1.15) 1.12 (1.07-1.17) 1.04 (0.97-1.10) 0.16 
Cigarette Smoking 1.21 (1.15-1.26) 1.18 (1.12-1.25) 1.27 (1.17-1.37) 0.150 
Physical Inactivity 1.06 (1.01-1.10) 1.06 (1.02-1.11) 1.02 (0.95-1.08) 0.45 
Heart Failure     
Number of Events 20,563 13,382 6,004  
Incidence Rate (per 10,000 person-year) 35.0 (34.5-35.4) 74.9 (73.6-76.1) 125.8 (122.7-129.0)  
Age 1.05 (1.05-1.05) 1.06 (1.05-1.06) 1.07 (1.06-1.08) --------- 
Men 0.94 (0.91-0.97) 1.17 (1.13-1.22) 1.27 (1.20-1.34) --------- 
Obesity 1.35 (1.30-1.39) 1.29 (1.24-1.34) 1.24 (1.17-1.32) 0.24 
Hypertension 2.29 (2.21-2.38) 1.76 (1.69-1.83) 1.44 (1.36-1.52) <0.001 
Diabetes Mellitus 1.71 (1.57-1.85) 1.45 (1.34-1.56) 1.32 (1.19-1.46) 0.002 
Dyslipidemia 1.15 (1.11-1.18) 1.08 (1.04-1.11) 0.97 (0.92-1.02) <0.001 
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Cigarette Smoking 1.06 (1.02-1.09) 1.07 (1.03-1.11) 1.13 (1.06-1.20) <0.001 
Physical Inactivity 1.00 (0.97-1.03) 1.04 (1.00-1.08) 1.06 (1.01-1.12) 0.14 
After excluding 373,289 participants taking blood pressure-lowering mediations, glucose-lowering medications, or lipid-lowering 
medications, we analyzed 2,654,550 participants. Participants were categorized into three groups aged 20-49 years, 50-59 years, and 
60-75 years. We performed the multivariable Cox regression analyses including age, sex, obesity, hypertension, diabetes mellitus, 
dyslipidemia, cigarette smoking, and physical inactivity. Hazard ratios (95% confidence interval) are presented. 
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Table S5. Age Stratified Associations of Risk Factors with Incidence of Cardiovascular Disease including Body Mass Index, 
Systolic Blood Pressure, and Low-Density Lipoprotein Cholesterol as Continuous Variables 
 20-49 Years 50-59 Years 60-75 Years P for 

interaction 
 (n=2,008,559) (n=712,273) (n=307,007)  
Myocardial Infarction     
Number of Events 2,573 2,473 1,269  
Incidence Rate (per 10,000 person-year) 4.1 (3.9-4.3) 10.6 (10.2-11.1) 16.3 (15.4-17.2)  
Age 1.07 (1.06-1.08) 1.06 (1.04-1.07) 1.07 (1.05-1.09) --------- 
Men 1.60 (1.44-1.77) 2.43 (2.16-2.73) 2.63 (2.26-3.06) --------- 
Body Mass Index per 1 kg/m2 1.05 (1.04-1.06) 1.06 (1.05-1.07) 1.03 (1.02-1.05) 0.023 
Systolic Blood Pressure per 10 mmHg 1.15 (1.12-1.18) 1.12 (1.10-1.15) 1.08 (1.05-1.11) 0.014 
Diabetes Mellitus 2.48 (2.18-2.83) 1.82 (1.63-2.02) 1.67 (1.46-1.92) <0.001 
Low-Density Lipoprotein Cholesterol per 10 mg/dL 1.09 (1.08-1.10) 1.08 (1.07-1.09) 1.07 (1.06-1.08) 0.040 
Cigarette Smoking 1.78 (1.64-1.92) 1.86 (1.72-2.02) 1.52 (1.34-1.71) 0.012 
Physical Inactivity 1.04 (0.96-1.12) 1.02 (0.94-1.10) 1.12 (1.01-1.26) 0.40 
Angina Pectoris     
Number of Events 25,484 20,729 10,234  
Incidence Rate (per 10,000 person-year) 41.0 (40.5-41.5) 90.9 (89.7-92.2) 134.7 

(132.2-137.4) 
 

Age 1.06 (1.06-1.06) 1.04 (1.04-1.05) 1.06 (1.05-1.06) --------- 
Men 1.06 (1.03-1.09) 1.10 (1.06-1.13) 1.15 (1.10-1.20) --------- 
Body Mass Index per 1 kg/m2 1.03 (1.03-1.03) 1.04 (1.03-1.04) 1.04 (1.03-1.04) 0.023 
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Systolic Blood Pressure per 10 mmHg 1.12 (1.11-1.13) 1.08 (1.07-1.09) 1.04 (1.03-1.05) <0.001 
Diabetes Mellitus 1.70 (1.61-1.80) 1.44 (1.38-1.50) 1.27 (1.20-1.34) <0.001 
Low-Density Lipoprotein Cholesterol per 10 mg/dL 1.03 (1.02-1.03) 1.02 (1.01-1.02) 1.01 (1.00-1.01) <0.001 
Cigarette Smoking 1.01 (0.99-1.04) 1.06 (1.03-1.10) 1.05 (1.00-1.10) 0.011 
Physical Inactivity 1.06 (1.03-1.08) 1.04 (1.01-1.07) 1.10 (1.06-1.14) 0.080 
Stroke     
Number of Events 10,385 10,877 6,817  
Incidence Rate (per 10,000 person-year) 16.6 (16.3-16.9) 47.2 (46.3-48.1) 88.9 (86.8-91.0)  
Age 1.09 (1.09-1.10) 1.06 (1.06-1.07) 1.08 (1.07-1.09) --------- 
Men 0.89 (0.85-0.93) 1.06 (1.02-1.11) 1.06 (1.01-1.12) --------- 
Body Mass Index per 1 kg/m2 1.02 (1.01-1.02) 1.01 (1.00-1.01) 1.00 (0.99-1.01) 0.007 
Systolic Blood Pressure per 10 mmHg 1.23 (1.21-1.25) 1.16 (1.14-1.17) 1.10 (1.09-1.12) <0.001 
Diabetes Mellitus 1.41 (1.29-1.54) 1.37 (1.28-1.45) 1.22 (1.14-1.30) 0.015 
Low-Density Lipoprotein Cholesterol per 10 mg/dL 1.01 (1.00-1.01) 1.01 (1.00-1.01) 1.00 (1.00-1.01) 0.80 
Cigarette Smoking 1.21 (1.15-1.26) 1.16 (1.11-1.21) 1.24 (1.17-1.31) 0.055 
Physical Inactivity 1.05 (1.01-1.09) 1.07 (1.03-1.11) 1.04 (0.99-1.09) 0.65 
Heart Failure     
Number of Events 24,318 20,422 11,629  
Incidence Rate (per 10,000 person-year) 39.1 (38.6-39.6) 89.4 (88.1-90.6) 153.2 

(150.5-156.0) 
 

Age 1.05 (1.05-1.06) 1.05 (1.05-1.06) 1.07 (1.06-1.07) --------- 
Men 0.90 (0.88-0.93) 1.18 (1.14-1.22) 1.21 (1.16-1.26) --------- 
Body Mass Index per 1 kg/m2 1.04 (1.04-1.05) 1.05 (1.04-1.05) 1.04 (1.04-1.05) 0.006 
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Systolic Blood Pressure per 10 mmHg 1.21 (1.20-1.22) 1.13 (1.13-1.14) 1.08 (1.06-1.09) <0.001 
Diabetes Mellitus 1.63 (1.55-1.72) 1.36 (1.30-1.42) 1.14 (1.08-1.20) <0.001 
Low-Density Lipoprotein Cholesterol per 10 mg/dL 1.01 (1.00-1.01) 1.00 (0.99-1.00) 0.98 (0.97-0.98) <0.001 
Cigarette Smoking 1.06 (1.03-1.09) 1.06 (1.03-1.10) 1.11 (1.06-1.16) <0.001 
Physical Inactivity 1.01 (0.98-1.03) 1.03 (1.01-1.06) 1.09 (1.05-1.13) 0.026 
Participants were categorized into three groups aged 20-49 years, 50-59 years, and 60-75 years. We performed the multivariable Cox 
regression analyses including age, sex, body mass index, systolic blood pressure, diabetes mellitus, low-density lipoprotein 
cholesterol, cigarette smoking, and physical inactivity. Hazard ratios (95% confidence interval) are presented. 
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Table S6. Cause-Specific Hazard Ratio to Account for the Competing Risk of Death 
 20-49 Years 50-59 Years 60-75 Years P for 

interaction 
 (n=2,008,559) (n=712,273) (n=307,007)  
Myocardial Infarction     
Number of Events 2,573 2,473 1,269  
Incidence Rate (per 10,000 person-year) 4.1 (3.9-4.3) 10.6 (10.2-11.1) 16.3 (15.4-17.2)  
Age 1.07 (1.06-1.07) 1.05 (1.03-1.06) 1.06 (1.05-1.08) --------- 
Men 1.64 (1.48-1.83) 2.27 (2.02-2.55) 2.52 (2.16-2.94) --------- 
Obesity 1.44 (1.32-1.58) 1.44 (1.32-1.57) 1.02 (0.90-1.16) <0.001 
Hypertension 1.98 (1.81-2.17) 1.54 (1.42-1.68) 1.36 (1.21-1.53) <0.001 
Diabetes Mellitus 2.27 (2.00-2.59) 1.59 (1.43-1.78) 1.55 (1.34-1.78) <0.001 
Dyslipidemia 1.68 (1.54-1.83) 1.77 (1.62-1.94) 1.53 (1.35-1.73) 0.12 
Cigarette Smoking 1.72 (1.58-1.86) 1.80 (1.65-1.95) 1.47 (1.30-1.67) 0.03 
Physical Inactivity 1.04 (0.96-1.12) 1.02 (0.94-1.11) 1.12 (1.00-1.25) 0.47 
Angina Pectoris     
Number of Events 25,484 20,729 10,234  
Incidence Rate (per 10,000 person-year) 41.0 (40.5-41.5) 90.9 (89.7-92.2) 134.7 

(132.2-137.4) 
 

Age 1.06 (1.05-1.06) 1.03 (1.03-1.04) 1.05 (1.05-1.06) --------- 
Men 1.10 (1.07-1.13) 1.09 (1.06-1.12) 1.15 (1.10-1.20) --------- 
Obesity 1.22 (1.19-1.26) 1.17 (1.13-1.21) 1.16 (1.11-1.21) 0.11 
Hypertension 1.81 (1.76-1.87) 1.53 (1.48-1.57) 1.37 (1.32-1.43) <0.001 
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Diabetes Mellitus 1.60 (1.52-1.69) 1.36 (1.30-1.42) 1.22 (1.16-1.29) <0.001 
Dyslipidemia 1.24 (1.21-1.27) 1.23 (1.20-1.27) 1.17 (1.12-1.22) 0.035 
Cigarette Smoking 1.00 (0.98-1.03) 1.05 (1.02-1.08) 1.04 (0.99-1.09) 0.061 
Physical Inactivity 1.05 (1.03-1.08) 1.03 (1.01-1.06) 1.10 (1.05-1.14) 0.066 
Stroke     
Number of Events 10,385 10,877 6,817  
Incidence Rate (per 10,000 person-year) 16.6 (16.3-16.9) 47.2 (46.3-48.1) 88.9 (86.8-91.0)  
Age 1.09 (1.08-1.09) 1.06 (1.05-1.07) 1.08 (1.07-1.08) --------- 
Men 0.93 (0.89-0.97) 1.05 (1.01-1.10) 1.04 (0.99-1.10) --------- 
Obesity 1.15 (1.10-1.20) 1.03 (0.98-1.07) 1.01 (0.95-1.07) 0.002 
Hypertension 2.30 (2.20-2.41) 1.72 (1.65-1.79) 1.49 (1.41-1.56) <0.001 
Diabetes Mellitus 1.32 (1.21-1.44) 1.29 (1.21-1.37) 1.16 (1.08-1.24) 0.036 
Dyslipidemia 1.12 (1.07-1.17) 1.12 (1.08-1.17) 1.07 (1.01-1.12) 0.29 
Cigarette Smoking 1.19 (1.14-1.25) 1.15 (1.10-1.20) 1.23 (1.16-1.31) 0.11 
Physical Inactivity 1.04 (1.00-1.08) 1.06 (1.02-1.10) 1.04 (0.99-1.09) 0.66 
Heart Failure     
Number of Events 24,318 20,422 11,629  
Incidence Rate (per 10,000 person-year) 39.1 (38.6-39.6) 89.4 (88.1-90.6) 153.2 

(150.5-156.0) 
 

Age 1.05 (1.05-1.05) 1.05 (1.04-1.05) 1.06 (1.06-1.07) --------- 
Men 0.94 (0.91-0.97) 1.18 (1.15-1.22) 1.21 (1.16-1.26) --------- 
Obesity 1.35 (1.31-1.39) 1.25 (1.21-1.29) 1.22 (1.17-1.27) 0.002 
Hypertension 2.45 (2.38-2.53) 1.88 (1.82-1.93) 1.62 (1.56-1.69) <0.001 
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Diabetes Mellitus 1.53 (1.45-1.62) 1.31 (1.25-1.36) 1.12 (1.06-1.18) <0.001 
Dyslipidemia 1.17 (1.13-1.20) 1.10 (1.07-1.14) 1.00 (0.97-1.04) <0.001 
Cigarette Smoking 1.05 (1.02-1.08) 1.06 (1.02-1.09) 1.11 (1.06-1.16) <0.001 
Physical Inactivity 1.00 (0.98-1.03) 1.03 (1.00-1.06) 1.09 (1.05-1.13) 0.012 
Participants were categorized into three groups aged 20-49 years, 50-59 years, and 60-75 years. We performed the multivariable Cox 
regression analyses including age, sex, obesity, hypertension, diabetes mellitus, dyslipidemia, cigarette smoking, and physical 
inactivity. Hazard ratios (95% confidence interval) are presented. 
  

D
ow

nloaded from
 http://ahajournals.org by on January 15, 2023



Table S7. Age Stratified Associations of Risk Factors with Incidence of Cardiovascular Disease after Adjustment of the Year of 
the Initial Health Check-up  
 20-49 Years 50-59 Years 60-75 Years P for interaction 
 (n=2,008,559) (n=712,273) (n=307,007)  
Myocardial Infarction     
Number of Events 2,573 2,473 1,269  
Incidence Rate (per 10,000 person-year) 4.1 (3.9-4.3) 10.6 (10.2-11.1) 16.3 (15.4-17.2)  
Age 1.07 (1.06-1.07) 1.05 (1.03-1.06) 1.06 (1.05-1.08) --------- 
Men 1.64 (1.47-1.82) 2.30 (2.05-2.59) 2.59 (2.22-3.01) --------- 
Obesity 1.47 (1.35-1.61) 1.43 (1.31-1.56) 1.03 (0.91-1.17) <0.001 
Hypertension 1.96 (1.79-2.15) 1.55 (1.43-1.68) 1.40 (1.25-1.57) <0.001 
Diabetes Mellitus 2.30 (2.02-2.61) 1.65 (1.48-1.83) 1.55 (1.35-1.78) <0.001 
Dyslipidemia 1.68 (1.54-1.83) 1.76 (1.61-1.92) 1.52 (1.35-1.72) 0.1221 
Cigarette Smoking 1.73 (1.60-1.88) 1.81 (1.67-1.96) 1.48 (1.31-1.67) 0.026 
Physical Inactivity 1.03 (0.96-1.12) 1.01 (0.93-1.10) 1.12 (1.00-1.25) 0.3736 
Angina Pectoris     
Number of Events 25,484 20,729 10,234  
Incidence Rate (per 10,000 person-year) 41.0 (40.5-41.5) 90.9 (89.7-92.2) 134.7 (132.2-137.4)  
Age 1.05 (1.05-1.06) 1.04 (1.03-1.04) 1.05 (1.05-1.06) --------- 
Men 1.10 (1.07-1.13) 1.09 (1.06-1.12) 1.15 (1.10-1.21) --------- 
Obesity 1.22 (1.19-1.26) 1.17 (1.14-1.21) 1.16 (1.11-1.22) 0.1061 
Hypertension 1.82 (1.76-1.87) 1.53 (1.48-1.57) 1.37 (1.32-1.43) <0.001 
Diabetes Mellitus 1.60 (1.52-1.69) 1.36 (1.31-1.43) 1.22 (1.15-1.29) <0.001 
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Dyslipidemia 1.24 (1.21-1.27) 1.23 (1.20-1.27) 1.17 (1.12-1.22) 0.0244 
Cigarette Smoking 1.00 (0.98-1.03) 1.05 (1.02-1.09) 1.05 (1.00-1.10) 0.0342 
Physical Inactivity 1.05 (1.02-1.07) 1.03 (1.01-1.06) 1.10 (1.06-1.14) 0.043 
Stroke     
Number of Events 10,385 10,877 6,817  
Incidence Rate (per 10,000 person-year) 16.6 (16.3-16.9) 47.2 (46.3-48.1) 88.9 (86.8-91.0)  
Age 1.09 (1.08-1.09) 1.06 (1.05-1.07) 1.08 (1.07-1.09) --------- 
Men 0.93 (0.89-0.97) 1.05 (1.01-1.10) 1.04 (0.98-1.09) --------- 
Obesity 1.15 (1.10-1.21) 1.03 (0.98-1.07) 1.02 (0.96-1.08) 0.0016 
Hypertension 2.33 (2.23-2.45) 1.75 (1.68-1.82) 1.49 (1.42-1.57) <0.001 
Diabetes Mellitus 1.33 (1.22-1.45) 1.29 (1.22-1.38) 1.17 (1.09-1.25) 0.0437 
Dyslipidemia 1.11 (1.07-1.16) 1.11 (1.07-1.16) 1.05 (1.00-1.11) 0.1705 
Cigarette Smoking 1.20 (1.15-1.26) 1.15 (1.11-1.20) 1.25 (1.18-1.32) 0.0762 
Physical Inactivity 1.04 (1.00-1.08) 1.06 (1.02-1.10) 1.04 (0.99-1.09) 0.7496 
Heart Failure     
Number of Events 24,318 20,422 11,629  
Incidence Rate (per 10,000 person-year) 39.1 (38.6-39.6) 89.4 (88.1-90.6) 153.2 (150.5-156.0)  
Age 1.05 (1.05-1.05) 1.05 (1.04-1.05) 1.07 (1.06-1.07) --------- 
Men 0.94 (0.92-0.97) 1.19 (1.16-1.23) 1.23 (1.18-1.29) --------- 
Obesity 1.35 (1.31-1.39) 1.24 (1.21-1.28) 1.22 (1.18-1.28) 0.0036 
Hypertension 2.45 (2.38-2.53) 1.87 (1.82-1.92) 1.61 (1.55-1.68) <0.001 
Diabetes Mellitus 1.55 (1.46-1.63) 1.32 (1.26-1.38) 1.13 (1.07-1.19) <0.001 
Dyslipidemia 1.17 (1.13-1.20) 1.10 (1.07-1.13) 1.00 (0.96-1.04) <0.001 
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Cigarette Smoking 1.06 (1.03-1.09) 1.07 (1.03-1.10) 1.11 (1.06-1.16) <0.001 
Physical Inactivity 1.01 (0.98-1.03) 1.03 (1.00-1.06) 1.08 (1.04-1.12) 0.0429 
Participants were categorized into three groups aged 20-49 years, 50-59 years, and 60-75 years. We performed the multivariable Cox 
regression analyses including age, sex, obesity, hypertension, diabetes mellitus, dyslipidemia, cigarette smoking, physical inactivity, 
and the year of the initial health check-up of each participant. Hazard ratios (95% confidence interval) are presented. 
  

D
ow

nloaded from
 http://ahajournals.org by on January 15, 2023



Table S8. Age Stratified Associations of Risk Factors with Incidence of Cardiovascular Disease (Stratified by Tertile) 
 1st (20-40 yeas) 2nd (41-50 years) 3rd (51-75 years) P for interaction 
 (n=1,062,801) (n=1,038,138) (n=926,900)  
Myocardial Infarction     
Number of Events 675 2,176 3,464  
Incidence Rate (per 10,000 person-year) 2.3 (2.1-2.5) 5.9 (5.7-6.2) 12.5 (12.0-12.9)  
Age 1.06 (1.05-1.08) 1.06 (1.05-1.08) 1.05 (1.04-1.06) --------- 
Men 1.43 (1.18-1.73) 1.75 (1.55-1.97) 2.46 (2.23-2.71) --------- 
Obesity 1.46 (1.23-1.74) 1.51 (1.37-1.65) 1.26 (1.17-1.36) 0.0316 
Hypertension 1.77 (1.43-2.19) 2.01 (1.83-2.21) 1.46 (1.36-1.57) <0.001 
Diabetes Mellitus 2.18 (1.53-3.09) 2.09 (1.83-2.38) 1.64 (1.50-1.79) 0.0068 
Dyslipidemia 1.55 (1.31-1.84) 1.74 (1.58-1.92) 1.67 (1.55-1.80) 0.3321 
Cigarette Smoking 1.58 (1.34-1.85) 1.82 (1.66-1.98) 1.68 (1.56-1.80) 0.0975 
Physical Inactivity 1.11 (0.95-1.29) 0.99 (0.91-1.08) 1.05 (0.98-1.13) 0.3168 
Angina Pectoris     
Number of Events 7,817 20,026 28,604  
Incidence Rate (per 10,000 person-year) 27.0 (26.4-27.6) 55.1 (54.4-55.9) 105.1 (103.9-106.3)  
Age 1.05 (1.05-1.06) 1.05 (1.05-1.06) 1.04 (1.04-1.04) --------- 
Men 1.05 (1.00-1.10) 1.12 (1.08-1.15) 1.12 (1.09-1.15) --------- 
Obesity 1.22 (1.15-1.29) 1.21 (1.17-1.25) 1.17 (1.14-1.20) 0.4613 
Hypertension 1.81 (1.69-1.94) 1.79 (1.73-1.85) 1.46 (1.42-1.50) <0.001 
Diabetes Mellitus 1.59 (1.39-1.83) 1.56 (1.47-1.64) 1.30 (1.26-1.35) <0.001 
Dyslipidemia 1.24 (1.18-1.31) 1.24 (1.21-1.28) 1.21 (1.18-1.24) 0.1142 
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Cigarette Smoking 0.94 (0.90-0.99) 1.04 (1.01-1.07) 1.05 (1.02-1.07) <0.001 
Physical Inactivity 1.06 (1.01-1.11) 1.05 (1.02-1.08) 1.05 (1.03-1.07) 0.819 
Stroke     
Number of Events 2,546 9,010 16,523  
Incidence Rate (per 10,000 person-year) 8.8 (8.4-9.1) 24.6 (24.1-25.1) 60.0 (59.1-61.0)  
Age 1.08 (1.07-1.09) 1.08 (1.08-1.09) 1.07 (1.06-1.07) --------- 
Men 0.90 (0.82-0.98) 0.96 (0.91-1.00) 1.06 (1.02-1.09) --------- 
Obesity 1.11 (1.00-1.22) 1.14 (1.08-1.19) 1.02 (0.99-1.06) 0.0092 
Hypertension 2.90 (2.61-3.23) 2.18 (2.08-2.29) 1.62 (1.57-1.67) <0.001 
Diabetes Mellitus 1.35 (1.06-1.71) 1.31 (1.21-1.43) 1.23 (1.18-1.29) 0.3531 
Dyslipidemia 1.12 (1.02-1.23) 1.11 (1.06-1.16) 1.09 (1.06-1.13) 0.8713 
Cigarette Smoking 1.23 (1.13-1.34) 1.18 (1.13-1.24) 1.19 (1.15-1.24) 0.4065 
Physical Inactivity 1.07 (0.99-1.16) 1.05 (1.01-1.10) 1.04 (1.01-1.08) 0.7357 
Heart Failure     
Number of Events 7,489 19,034 29,846  
Incidence Rate (per 10,000 person-year) 25.8 (25.3-26.4) 52.3 (51.5-53.0) 109.5 (108.2-110.7)  
Age 1.05 (1.04-1.05) 1.05 (1.05-1.06) 1.05 (1.05-1.06) --------- 
Men 0.91 (0.87-0.96) 0.97 (0.94-1.00) 1.21 (1.18-1.25) --------- 
Obesity 1.39 (1.32-1.47) 1.32 (1.27-1.36) 1.25 (1.22-1.28) 0.017 
Hypertension 2.71 (2.55-2.89) 2.36 (2.28-2.44) 1.75 (1.71-1.79) <0.001 
Diabetes Mellitus 1.59 (1.39-1.81) 1.51 (1.43-1.59) 1.23 (1.19-1.27) <0.001 
Dyslipidemia 1.12 (1.06-1.18) 1.18 (1.14-1.22) 1.06 (1.03-1.08) <0.001 
Cigarette Smoking 0.98 (0.93-1.03) 1.09 (1.06-1.13) 1.08 (1.05-1.11) <0.001 
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Physical Inactivity 1.02 (0.97-1.07) 1.00 (0.97-1.03) 1.05 (1.03-1.07) 0.0326 
Participants were categorized into three groups aged 20-40 years, 41-50 years, and 51-75 years. We performed the multivariable Cox 
regression analyses including age, sex, obesity, hypertension, diabetes mellitus, dyslipidemia, cigarette smoking, and physical 
inactivity. Hazard ratios (95% confidence interval) are presented. 
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Table S9. Age Stratified Associations of Risk Factors with Incidence of Cardiovascular Disease after Excluding People Aged > 
60 Years 
 20-44 Years 45-54 Years 55-60 Years P for interaction 
 (n=1,505,097) (n=911,688) (n=354,498)  
Myocardial Infarction     
Number of Events 1,406 2,476 1,348  
Incidence Rate (per 10,000 person-year) 3.1 (3.0-3.3) 7.8 (7.5-8.2) 12.6 (12.0-13.3)  
Age 1.07 (1.05-1.08) 1.05 (1.04-1.07) 1.02 (0.99-1.06) --------- 
Men 1.49 (1.30-1.71) 1.99 (1.77-2.23) 2.55 (2.17-2.98) --------- 
Obesity 1.44 (1.28-1.63) 1.52 (1.40-1.66) 1.27 (1.13-1.43) 0.1937 
Hypertension 2.01 (1.76-2.29) 1.86 (1.71-2.02) 1.30 (1.16-1.45) <0.001 
Diabetes Mellitus 2.71 (2.24-3.28) 1.70 (1.51-1.91) 1.72 (1.50-1.97) <0.001 
Dyslipidemia 1.63 (1.45-1.83) 1.73 (1.58-1.89) 1.77 (1.57-2.00) 0.3116 
Cigarette Smoking 1.75 (1.57-1.96) 1.86 (1.71-2.02) 1.69 (1.51-1.89) 0.168 
Physical Inactivity 1.09 (0.98-1.22) 1.00 (0.93-1.09) 1.01 (0.91-1.13) 0.3422 
Angina Pectoris     
Number of Events 14,938 21,932 10,907  
Incidence Rate (per 10,000 person-year) 33.3 (32.8-33.9) 70.7 (69.8-71.6) 104.5 (102.5-106.4)  
Age 1.05 (1.05-1.06) 1.05 (1.04-1.05) 1.02 (1.01-1.03) --------- 
Men 1.09 (1.05-1.13) 1.11 (1.08-1.14) 1.08 (1.03-1.13) --------- 
Obesity 1.21 (1.16-1.26) 1.21 (1.17-1.24) 1.16 (1.11-1.21) 0.149 
Hypertension 1.89 (1.80-1.97) 1.65 (1.60-1.70) 1.47 (1.41-1.53) <0.001 
Diabetes Mellitus 1.68 (1.55-1.82) 1.44 (1.37-1.51) 1.34 (1.26-1.41) <0.001 
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Dyslipidemia 1.24 (1.20-1.29) 1.25 (1.21-1.28) 1.20 (1.15-1.25) 0.4104 
Cigarette Smoking 0.98 (0.94-1.02) 1.05 (1.02-1.08) 1.05 (1.01-1.10) 0.0033 
Physical Inactivity 1.05 (1.02-1.09) 1.04 (1.01-1.07) 1.06 (1.02-1.10) 0.8284 
Stroke     
Number of Events 5,442 10,518 6,267  
Incidence Rate (per 10,000 person-year) 12.1 (11.8-12.4) 33.5 (32.9-34.2) 59.4 (58.0-60.9)  
Age 1.09 (1.08-1.09) 1.06 (1.05-1.06) 1.05 (1.03-1.06) --------- 
Men 0.91 (0.85-0.96) 0.99 (0.94-1.03) 1.09 (1.03-1.15) --------- 
Obesity 1.16 (1.09-1.24) 1.07 (1.02-1.12) 1.01 (0.96-1.07) 0.0554 
Hypertension 2.53 (2.36-2.70) 2.00 (1.92-2.08) 1.65 (1.56-1.73) <0.001 
Diabetes Mellitus 1.41 (1.23-1.62) 1.33 (1.23-1.42) 1.26 (1.16-1.36) 0.3355 
Dyslipidemia 1.17 (1.10-1.24) 1.10 (1.05-1.14) 1.10 (1.04-1.15) 0.2133 
Cigarette Smoking 1.22 (1.15-1.30) 1.16 (1.11-1.21) 1.20 (1.13-1.27) 0.5945 
Physical Inactivity 1.05 (0.99-1.11) 1.05 (1.01-1.09) 1.08 (1.02-1.13) 0.8687 
Heart Failure     
Number of Events 14,199 21,066 11,209  
Incidence Rate (per 10,000 person-year) 31.6 (31.1-32.2) 67.7 (66.8-68.6) 107.2 (105.2-109.2)  
Age 1.05 (1.04-1.05) 1.05 (1.04-1.05) 1.05 (1.04-1.06) --------- 
Men 0.92 (0.89-0.95) 1.06 (1.02-1.09) 1.25 (1.20-1.31) --------- 
Obesity 1.38 (1.33-1.44) 1.28 (1.24-1.32) 1.23 (1.18-1.28) 0.0118 
Hypertension 2.64 (2.53-2.75) 2.12 (2.06-2.19) 1.74 (1.67-1.81) <0.001 
Diabetes Mellitus 1.67 (1.55-1.81) 1.37 (1.31-1.44) 1.30 (1.23-1.37) <0.001 
Dyslipidemia 1.15 (1.10-1.19) 1.15 (1.11-1.18) 1.08 (1.03-1.12) 0.042 
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Cigarette Smoking 1.03 (0.99-1.07) 1.08 (1.05-1.12) 1.06 (1.02-1.11) <0.001 
Physical Inactivity 1.01 (0.98-1.05) 1.01 (0.98-1.04) 1.04 (1.00-1.08) 0.3364 
Participants were categorized into three groups aged 20-44 years, 45-54 years, and 55-60 years. We performed the multivariable Cox 
regression analyses including age, sex, obesity, hypertension, diabetes mellitus, dyslipidemia, cigarette smoking, and physical 
inactivity. Hazard ratios (95% confidence interval) are presented. 
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Table S10. Age Stratified Associations of Risk Factors with All-Cause Death 
 20-49 Years 50-59 Years 60-75 Years P for interaction 
 (n=2,008,559) (n=712,273) (n=307,007)  
All-Cause Death     
Number of Events 1,492 1,621 1,205  
Incidence Rate (per 10,000 person-year) 2.4 (2.3-2.5) 7.0 (6.6-7.3) 15.4 (14.6-16.3)  
Age 1.07 (1.06-1.08) 1.09 (1.07-1.11) 1.15 (1.13-1.17) --------- 
Men 1.38 (1.22-1.57) 1.73 (1.52-1.97) 2.32 (1.99-2.71) --------- 
Obesity 1.06 (0.94-1.20) 0.91 (0.82-1.02) 1.01 (0.89-1.16) 0.2406 
Hypertension 2.03 (1.79-2.30) 1.58 (1.42-1.75) 1.32 (1.17-1.48) <0.001 
Diabetes Mellitus 1.78 (1.45-2.19) 1.78 (1.55-2.05) 1.55 (1.34-1.79) 0.6042 
Dyslipidemia 1.08 (0.97-1.21) 0.91 (0.83-1.01) 0.87 (0.77-0.98) 0.0712 
Cigarette Smoking 1.70 (1.53-1.90) 1.59 (1.44-1.77) 1.76 (1.55-1.99) 0.3601 
Physical Inactivity 1.00 (0.90-1.10) 1.14 (1.03-1.26) 1.14 (1.01-1.28) 0.1999 
Participants were categorized into three groups aged 20-49 years, 50-59 years, and 60-75 years. We performed the multivariable Cox 
regression analyses including age, sex, obesity, hypertension, diabetes mellitus, dyslipidemia, cigarette smoking, and physical 
inactivity. Hazard ratios (95% confidence interval) are presented. 
 

D
ow

nloaded from
 http://ahajournals.org by on January 15, 2023


	Age-­Dependent Association Between Modifiable Risk Factors and Incident Cardiovascular Disease
	Methods
	Data Availability
	Study Design
	Study Participants
	Ethical Approval
	Variables and Measurement
	Statistical Analysis

	Results
	Clinical Characteristics
	Incidence of CVDs and HRs of Each Risk Factor for CVD Stratified by Age
	Relative Risk Reduction
	Harrell C Statistic
	Sensitivity Analyses

	Discussion
	Sources of Funding
	Disclosures
	REFERENCES


