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ORIGINAL RESEARCH

Absolute Cardiovascular Disease Risk 
Assessed in Old Age Predicts Disability and 
Mortality: A Retrospective Cohort Study of 
Community- Dwelling Older Adults
Keitaro Makino , PhD, PT; Sangyoon Lee, PhD; Seongryu Bae, PhD; Ippei Chiba , MSc; Kenji Harada, MSc; 
Osamu Katayama , PhD; Yohei Shinkai, MSc; Hiroyuki Shimada, PhD

BACKGROUND: Evidence is limited on the predictive validity of absolute cardiovascular disease (CVD) risk, estimated by multi-
variable assessments in old age, for disability and mortality. We aimed to examine the longitudinal associations of absolute 
CVD risk assessed using region- specific risk estimation charts with disability and mortality among community- dwelling peo-
ple aged ≥65 years.

METHODS AND RESULTS: This retrospective cohort study included 7456 community- dwelling people aged ≥65 years (mean age, 
73.7 years) without CVD and functional decline at baseline. They lived in either Obu City or Midori Ward of Nagoya City, Aichi 
Prefecture, Japan. We estimated absolute CVD risk using the revised World Health Organization CVD risk estimation charts 
and stratified risk levels into 3 categories: low (<10%), mid (10% to <20%), and high (≥20%). We followed up the functional 
disability incidence and all- cause mortality monthly for 5 years. The prevalence of each CVD risk level based on the laboratory- 
based model was as follows: low CVD risk, 1096 (14.7%); mid CVD risk, 5510 (73.9%); and high CVD risk, 850 (11.4%). During 
follow- up, the incidence rates of disability and mortality were 33.4 per 1000 and 12.4 per 1000 person- years, respectively. Cox 
regression analysis showed that the adjusted hazard ratios (95% CIs) for disability incidence were 1.32 (1.13– 1.56) and 1.44 
(1.18– 1.77) in mid and high CVD risk levels, respectively (reference: low CVD risk level); for mortality incidence, they were 1.53 
(1.16– 2.01) and 2.02 (1.45– 2.80) in mid and high CVD risk levels, respectively (reference: low CVD risk level).

CONCLUSIONS: Absolute CVD risk was associated with both disability and mortality in people aged ≥65 years. Estimated CVD 
risk levels may be useful surrogate markers for disability and mortality risks even when assessed in old age.
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Cardiovascular disease (CVD) is the leading cause 
of death worldwide.1 An estimated 17.9  million 
people died from CVD in 2016, representing 31% 

of all global deaths. Global deaths from CVD are in-
creasing under the influence of population growth, 
population aging, and epidemiological changes in 
CVD.2 Recently, multivariable CVD risk assessments 
have been advocated to estimate the absolute CVD 

risk level and to guide treatment of the risk factors.3 In 
recent decades, a variety of CVD risk estimation tools 
using multivariable risk factors4– 6 have been developed 
to search for accurate estimation models for individ-
uals’ overall risk of CVD events. Previous large- scale 
cohort studies have demonstrated that some CVD 
risk estimation tools are useful for predicting mortality 
as well as CVD events.7– 9 Therefore, it is important to 
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examine the predictive validity of CVD risk estimation 
tools not only for CVD events, but also for other ad-
verse health outcomes.

In Japan, an estimated 370  857 deaths were at-
tributed to CVD in 2016, accounting for 28% of all 
deaths.10 According to projections, the proportions 
of the population aged >65 and >75 years may reach 
38% and 25%, respectively, by 2055 in Japan.11 With 
the increase in life expectancy, comprehensive health 
assessments, not only in middle age, but also in old 
age, have become increasingly important. However, 
most previous studies using CVD risk estimation 
tools have examined the relationships between CVD 
risk assessed in middle age and CVD events or ad-
verse health outcomes.4– 6 Previous large- scale cohort 
studies have reported the possibility that the effects 
of individual cardiovascular risks on mortality are age 

specific12,13; however, the association between CVD 
risk in old age (≥65 years) and future mortality has not 
been examined in detail.

CVD is also the leading cause of disability- adjusted 
life- years,14 which quantify the loss of health attributable 
to specific diseases and injuries.15 In Japan, stroke and 
heart diseases are among the main causes of func-
tional disability, and together these account for 19.8% 
of the causes of disability based on data from the long- 
term care insurance (LTCI) system.16 Nonetheless, to 
the best of our knowledge, only 1 previous study, by 
Vu et al, addressed the association between CVD risk 
profiles and incidence of disability.17 However, they 
only showed the association between CVD risk lev-
els classified by their original definition and functional 
disability; therefore, external validation of existing and 
international CVD risk estimation tools for disability 
prediction has not been examined.

Therefore, we aimed to examine the longitudinal 
associations of absolute CVD risk assessed in old 
age with disability and mortality in a cohort study of 
community- dwelling people aged ≥65 years.

METHODS
Study Setting and Participants
This retrospective cohort study included community- 
dwelling people aged ≥65  years who were part of 
a subcohort of the NCGG- SGS (National Centre 
for Geriatrics and Gerontology Study of Geriatric 
Syndromes).18 The data that support the findings of 
this study are available from the corresponding author 
upon reasonable request. The inclusion criteria were 
residence in either Obu City or Midori Ward of Nagoya 
City and age ≥65  years at the time of baseline as-
sessment. Overall, 10 361 individuals aged ≥65 years 
completed the baseline assessment. We excluded 
participants with a history of Alzheimer disease (n=15) 
or Parkinson disease (n=40) to avoid the effect of pro-
gression of their symptoms and excluded participants 
with depression (n=346) to ensure the accuracy of self- 
reported assessment. Additionally, we excluded par-
ticipants with stroke (n=596) or heart disease (n=1627) 
to estimate CVD risk levels without prior CVD and 
excluded participants with prior disability based on 
the LTCI system at baseline (n=156) and missing data 
about these criteria (n=57) or the assessment of CVD 
risks (n=68) at baseline. Finally, 7456 participants were 
included in the longitudinal analysis.

The study protocol was developed in accordance 
with the Declaration of Helsinki and was approved by the 
ethics committee of the National Center for Geriatrics 
and Gerontology (approval reference number: 1440- 2). 
Written informed consent was obtained from all partici-
pants before their participation in the study.

CLINICAL PERSPECTIVE

What Is New?
• Our Japanese cohort study revealed that the 

absolute cardiovascular disease (CVD) risk esti-
mated by the revised World Health Organization 
CVD risk charts was significantly associated 
not only with mortality but also with functional 
disability.

• Additionally, our results suggested that es-
timated CVD risk levels assessed in old age 
could be useful to predict disability and mortal-
ity as well as CVD risk levels assessed in middle 
age, as shown in previous studies.

What Are the Clinical Implications?
• Our findings reinforced the usefulness of the 

recently updated World Health Organization 
CVD risk estimation charts for prediction of ad-
verse health outcomes based on data from a 
Japanese cohort.

• Furthermore, even when assessed in old age, 
the estimated CVD risk levels may be useful sur-
rogate markers of both disability and mortality 
risks.

• In the aging societies of the world, CVD risk 
estimation in old age may become increasingly 
beneficial for early screening of future risk for 
disability and mortality.

Nonstandard Abbreviations and Acronyms

LTCI long- term care insurance
WHO World Health Organization
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Estimation of Absolute CVD Risk
We estimated the 10- year CVD risk using the revised 
World Health Organization (WHO) CVD risk estimation 
charts (2019)19 at baseline. The details about the WHO 
CVD estimation charts are shown in Data S1, and vari-
ables contained in the WHO risk estimation charts are 
summarized in Table S1.

We assessed the current history of diabetes based 
on face- to- face interviews conducted by nurses. 
Nurses measured systolic blood pressure using an 
automated sphygmomanometer with the participant 
seated. We also measured the total serum cholesterol 
in millimoles per liter by the enzyme method in a lab-
oratory at Good Life Design Company in Japan. We 
assessed smoking status as the absence or presence 
of regular smoking (current versus former/never) based 
on interviews conducted by study assistants. Body 
mass index was calculated as body weight (kilograms) 
divided by the square of body height (meters squared). 
Finally, we calculated the absolute CVD risk (percent) 
based on the above risk status using the revised WHO 
CVD risk estimation charts and stratified the CVD risk 
into 3 categories: low (<10%), mid (10% to <20%), and 
high (≥20%).20

Follow- Up of Functional Disability and 
Mortality
We followed up the incidence of functional disabil-
ity based on the public LTCI system for an average 
of 65.6±19.8 months. The nationally uniform criteria 
for long- term care need certification were objectively 
established by the Japanese government, and the 
computer- aided standardized needs- assessment 
system categorizes people into 7 need levels (certi-
fied support level ranging between 1 and 2 or care 
level ranging between 1 and 5) based on the esti-
mated time required for care in 9 categories (groom-
ing, bathing, eating, toileting, transferring, assistance 
with instrumental activities of daily living, behavioral 
problems, rehabilitation, and medical services).21 
In the present study, we received the certification 
data of care needs from the municipal government 
monthly, and incidences of functional disability were 
defined as new certifications by the LTCI service at 
any level reflecting that the individuals require con-
stant support or care in basic or instrumental activi-
ties of daily living. The details about the certification 
process of the LTCI system are shown in Data S2. 
Follow- up was censored when participants relocated 
to another city or died.

We also followed up the incidence of all- cause mor-
tality using residence records and local government 
data for an average of 70.4±14.7 months. In the present 
study, we also received vital data from the municipal 
government monthly, and the incidence of death was 

identified. Follow- up was censored when participants 
relocated to another city.

Assessment of Potential Confounding 
Factors
We used medical history of pulmonary disease and 
cancer, the number of prescribed medications, and 
education level as covariates; this information was 
collected through face- to- face interviews at baseline. 
We also included cognitive function, slow gait speed, 
depressive symptoms, physical inactivity, drinking 
habits, employment status, and living arrangements 
(living alone or cohabiting) as covariates. We meas-
ured cognitive function using the Mini- Mental State 
Examination.22 We also measured gait speed using 
a 2.4- m walkway, and a gait speed under 1.0  m/s 
was defined as slow. The cutoff point <1.0  m/s was 
identified in our earlier study,23 and its predictive va-
lidity for disability was confirmed in another study of 
ours.24 We assessed depressive symptoms using the 
15- item Geriatric Depression Scale.25 Participants who 
scored 6 or higher on the Geriatric Depression Scale 
were considered to have depressive symptoms.26 We 
evaluated physical inactivity by asking the following 
questions: (1) Do you engage in more than moderate 
levels of physical exercise or sports aimed at health? 
(2) Do you engage in low levels of physical exercise 
aimed at health? Participants who responded “no” to 
both questions were defined as inactive.27 We defined 
current drinking habits as regular alcohol consumption 
(current versus former/never).

Statistical Analysis
We compared baseline characteristics using laboratory- 
based CVD risk levels (low, mid, and high risk lev-
els). We also examined baseline CVD risk levels and 
 incidence rates of disability and mortality using the χ2 
test. We estimated the cumulative survival rates of the 
 incidence of disability and mortality during the follow- up 
period, according to CVD risk levels at baseline using 
Kaplan- Meier curves, and intergroup differences were 
examined using the log- rank test. We used Bonferroni 
adjustment for multiple comparisons in the log- rank 
test. Finally, we performed Cox proportional hazards 
regressions to examine the effects of estimated CVD 
risk levels on the incidence of disability and mortality. 
The covariate- adjusted hazard ratios (HRs) were calcu-
lated with 95% CIs. Additionally, we conducted a strati-
fied Cox proportion hazards regression analysis by age 
groups of <75 and ≥75 years to examine the differences 
in the predictive validity of CVD risk levels between the 
young- old and old- old populations, respectively. In 
the adjusted models of the Cox proportional  hazards 
regression, the backward stepwise method was 
used for variable selection. The proportional hazards 
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assumptions were verified by checking the log- log plot 
for each of the adjusted models, and no violations were 
found. Relocation or death in survival analysis for dis-
ability, and relocation in survival analysis for mortality, 
were treated as censored observations.

All analyses were performed using IBM SPSS 
Statistics 25 software (IBM Japan, Tokyo, Japan).

RESULTS
CVD Risk Levels and Characteristics at 
Baseline
Among the 7456 individuals who participated in our 
baseline assessment, the group classification ac-
cording to CVD risk levels was as follows: (1) low 
risk: n=1096 (14.7%), (2) mid risk: n=5510 (73.9%), 
(3) high risk: n=850 (11.4%) in the laboratory- based 
model and (1) low risk: n=1073 (14.4%), (2) mid risk: 
n=5653 (75.8%), (3) high risk: n=730 (9.8%) in the 
non– laboratory- based model. The overall prevalence 
and age-  and sex- stratified prevalence are shown in 
Figure 1 and Figure S1.

The differences in baseline characteristics between 
laboratory- based CVD levels are shown in Table  1. 
In regard to components of the WHO risk estimation 
model, increasing CVD risk levels were associated with 
increase in age, decrease in the proportion of female 
sex, increase in the prevalence of diabetes and the pro-
portion of current smokers, and elevated systolic blood 
pressure, total cholesterol levels, and body mass index. 
In regard to other characteristics, increasing CVD risk 
levels were associated with an increased prevalence 
of pulmonary disease and cancer, increased number 
of prescribed medications, lower Mini- Mental State 

Examination score, increased prevalence of slow gait 
speed and physical inactivity, increased proportions of 
current drinkers, and a decreased proportion of indi-
viduals living alone.

Longitudinal Associations of CVD Risk 
Levels With Disability and Mortality
During the follow- up period, the incidence rate of func-
tional disability was 33.4 per 1000 person- years (95% 
CI, 31.7– 35.3) with 321 censored data (relocation, 
n=90; death, n=231). The incidence rate of all- cause 
mortality was 12.4 per 1000  person- years (95% CI, 
11.4– 13.5) with 105 censored data (relocation).

The proportions of functional disability and all- 
cause mortality are shown in Figure 2 and Figure S2. 
The incidence proportions of disability in the low, mid, 
and high CVD risk groups were 13.0%, 18.9%, and 
21.1%, respectively, in the laboratory- based estima-
tion model, and 13.1%, 19.2%, and 18.5%, respec-
tively, in the non– laboratory- based estimation model. 
The incidence rates of mortality in the low, mid, and 
high CVD risk groups were 3.7%, 7.5%, and 10.6%, 
respectively, in the laboratory- based estimation 
model, and 4.0%, 7.2%, and 12.3%, respectively, in 
the non– laboratory- based estimation model. Results 
from the χ2 test showed that CVD risk levels at base-
line were associated with both functional disability 
and all- cause mortality. The associations of CVD risk 
level with disability and mortality were similar in both 
laboratory- based and non– laboratory- based models 
(all P<0.01).

The survival rates for disability and mortality ac-
cording to CVD risk levels are shown in Figure 3 and 
Figure S3. The probability of disability was higher in 

Figure 1. Prevalence of cardiovascular disease risk levels according to age and sex based on the 
laboratory- based model.
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mid and high CVD risk levels than in low CVD risk lev-
els (all P<0.01), but the difference was not substantial 
between mid and high CVD risk levels (P≥0.05). The 
probability of mortality was higher in mid and high 
CVD risk levels than in low CVD risk levels (all P<0.01), 
and the probability of mortality was also different 

between mid and high CVD risk levels (P<0.01). The 
results of the survival analysis were similar in both 
the laboratory- based and non– laboratory- based 
models.

In the laboratory- based model, the Cox regression 
analysis showed that the covariate- adjusted HRs and 

Table 1. Baseline Characteristics According to Estimated CVD Risk Levels

Overall, n=7456 Missing

CVD risk levels*

P value†
Low risk, <10%, 
n=1096

Mid risk, 10%– <20%,  
n=5510

High risk, ≥20%, 
n=850

Components of the WHO risk estimation model

Age, y 73.7 [73.6– 73.8] 0 70.6 [70.3– 70.8] 74.2 [74.1– 74.3] 74.5 [74.1– 74.8] <0.01

Female sex, % 53.4 [52.3– 54.6] 0 98.3 [97.3– 99.0] 50.1 [48.8– 51.5] 17.1 [14.6– 19.8] <0.01

Diabetes, % 10.5 [9.8– 11.2] 0 0.3 [0.1– 0.8] 7.7 [7.0– 8.4] 41.9 [38.5– 45.3] <0.01

Smoking status, % 8.4 [7.8– 9.1] 0 0.5 [0.2– 1.2] 6.2 [5.5– 6.8] 33.5 [30.4– 36.8] <0.01

Systolic blood pressure, mm Hg 140.2 [139.7– 140.6] 0 120.1 [119.2– 121.0] 140.6 [140.2– 141.1] 163.0 [161.7– 164.3] <0.01

Total cholesterol, mmol/L 5.5 [5.4– 5.5] 0 5.5 [5.5– 5.6] 5.4 [5.4– 5.4] 5.6 [5.5– 5.7] <0.01

Body mass index, kg/m2 23.1 [23.0– 23.2] 0 22.3 [22.1– 22.4] 23.1 [23.1– 23.2] 23.9 [23.7– 24.1] <0.01

Other characteristics

Pulmonary disease, % 13.7 [12.9– 14.5] 2 11.4 [9.6– 13.4] 14.2 [13.3– 15.1] 13.2 [11.0– 15.6] 0.04

Cancer, % 11.9 [11.2– 12.7] 2 9.6 [7.9– 11.5] 12.4 [11.5– 13.3] 11.8 [9.7– 14.1] 0.03

Prescribed medications, n 2.2 [2.2– 2.3] 23 1.8 [1.7– 2.0] 2.3 [2.2– 2.3] 2.6 [2.5– 2.8] <0.01

Education level, y 11.6 [11.6– 11.7] 10 11.6 [11.5– 11.7] 11.6 [11.6– 11.7] 11.8 [11.6– 12.0] 0.09

MMSE score 26.1 [26.1– 26.2] 19 26.8 [26.7– 27.0] 26.0 [26.0– 26.1] 25.8 [25.6– 26.0] <0.01

Slow gait speed, % 14.8 [14.1– 15.7] 24 8.3 [6.7– 10.1] 16.0 [15.1– 17.0] 15.8 [13.4– 18.5] <0.01

Depressive symptoms, % 13.4 [12.7– 14.2] 34 12.6 [10.7– 14.7] 13.4 [12.5– 14.3] 14.7 [12.4– 17.3] 0.39

Physical inactivity, % 24.5 [23.6– 25.5] 13 20.4 [18.0– 22.9] 24.4 [23.3– 25.6] 30.7 [27.6– 33.9] <0.01

Drinking habit, % 44.5 [43.4– 45.6] 0 31.2 [28.5– 34.0] 45.1 [43.8– 46.4] 57.6 [54.2– 61.0] <0.01

Employment, % 24.6 [23.7– 25.6] 0 26.3 [23.7– 29.0] 24.2 [23.1– 25.4] 25.3 [22.4– 28.4] 0.31

Living alone, % 12.1 [11.4– 12.9] 17 13.7 [11.7– 15.9] 12.3 [11.4– 13.2] 8.7 [6.9– 10.8] <0.01

Data are expressed as mean or percent with 95% CI. CVD indicates cardiovascular disease; MMSE, Mini- Mental State Examination; and WHO, World Health 
Organization.

*CVD risk levels in this table are defined using the laboratory- based prediction model including age, sex, current diabetes history, smoking status, systolic 
blood pressure, and total cholesterol.

†P values are based on 1- way ANOVA for continuous variables and χ2 tests for categorical variables.

Figure 2. Incidence proportions of functional disability and all- cause mortality according to 
cardiovascular disease (CVD) risk levels based on the laboratory- based model.
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95% CIs for the incidence of disability (reference: low 
CVD risk level) were 1.32 (95% CI, 1.13– 1.56) in the mid 
CVD risk level and 1.44 (95% CI, 1.18– 1.77) in the high 
CVD risk level, and the covariate- adjusted HRs and 95% 
CIs for the incidence of mortality (reference: low CVD 
risk level) were 1.53 (95% CI, 1.16– 2.01) in the mid CVD 
risk level and 2.02 (95% CI, 1.45– 2.80) in the high CVD 
risk level (Table 2). Similarly, in the non– laboratory- based 
model, the Cox regression analysis showed that the 
covariate- adjusted HRs and 95% CIs for the incidence 
of disability (reference: low CVD risk level) were 1.34 
(95% CI, 1.14– 1.57) in the mid CVD risk level and 1.49 
(95% CI, 1.21– 1.85) in the high CVD risk level, and the 
covariate- adjusted HRs and 95% CIs for the incidence 
of mortality (reference: low CVD risk level) were 1.50 
(95% CI, 1.14– 1.98) in the mid CVD risk level and 2.43 
(95% CI, 1.74– 3.38) in the high CVD risk level (Table S2). 
In regard to the stratified analysis by age group, among 
participants aged <75 years, covariate- adjusted HRs for 
disability and mortality remained statistically significant 
in the high CVD risk level (P<0.01) but not in the mid CVD 
risk level (P≥0.05). Among participants aged ≥75 years, 
covariate- adjusted HRs for disability and mortality lost 
statistical significance both in the mid and high CVD risk 
levels (P≥0.05, Table S3).

DISCUSSION
Our longitudinal analysis revealed that the absolute 
CVD risk estimated by the revised WHO CVD risk 
charts was associated not only with mortality but also 

with disability. Additionally, our results suggested that 
estimated CVD risk levels assessed in old age could 
be useful to predict disability and mortality as well as 
CVD risk levels assessed in middle age, as shown in 
previous studies.

Previous epidemiological studies have demon-
strated that individual CVD risk factors are also risk 
factors for functional disability in old age. In terms 
of multiple CVD risk assessment, Vu et al examined 
CVD risk levels and functional disability; however, 
they assessed the absolute CVD risk in younger sub-
jects using their original definition.17 To the best of our 
knowledge, this is the first report to demonstrate the 
predictive validity of existing and international CVD risk 
estimation tools for estimating the risk of functional dis-
ability. In regard to the potential mechanisms behind 
the association between CVD risk levels and functional 
disability, it is possible that participants with high CVD 
risk at baseline develop myocardial infarction or stroke 
more frequently during the follow- up period, and these 
acute symptoms directly inhibit activities of daily living. 
Another possibility is that absolute CVD risk is a sur-
rogate marker of biological aging. Vascular endothelial 
dysfunction with aging plays a key role in the increased 
risk of CVD and is mediated largely by NO insufficiency 
linked to vascular oxidative stress and chronic low- 
grade inflammation, as modulated by altered cellular 
homeostasis/stress resistance processes.28 For in-
stance, a previous cross- sectional study demonstrated 
that CVD risk is associated with frailty29; a high- risk 
state for disability development is based on diminished 

Figure 3. Kaplan- Meier survival estimates for disability and mortality according to cardiovascular disease risk levels based 
on the laboratory- based model.
Left panel: survival rates for functional disability. Right panel: survival rates for all- cause mortality.
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homeostatic capacity across multiple physiological 
systems.30 Additionally, Bouillon et al reported that es-
timated CVD risk predicted the incidence of frailty in 
a longitudinal analysis.31 Therefore, multivariable CVD 
risk estimation may also be a useful tool for estimating 
biological aging as well as CVD risk. Additionally, Sergi 
et al showed that frailty status predicts the incidence of 
CVD events32; therefore, the reverse temporal relation-
ship between CVD risk and frailty or disability should 
be examined in a future study.

Furthermore, in our study we showed that esti-
mated CVD risk assessed in old age could be use-
ful to predict 5- year disability and mortality as well as 
CVD risk levels in middle age, as shown in previous 
studies. In Japan, the average life span is ≈81 years 
for men and 87 years for women,33 and interventions 
to expand disability- free life expectancy are urgently 
required. Furthermore, early screening and interven-
tion to mitigate the adverse effects of prolonged ex-
posure to CVD risks in old age are essential, although 
the optimal approach is the control of CVD risk be-
ginning early in life.34 In older people, relatively short- 
term risk prediction may be more relevant than lifetime 
risk prediction, given the remaining years of life.34 
Therefore, our results demonstrating the short- term 
predictive ability of CVD risk estimation in old age may 
have important implications for clinical settings in the 
aging societies of the world. However, in our strati-
fied analysis, the CVD risk levels were associated with 
disability and mortality only among participants aged 
<75 years. Additionally, de Ruijter et al examined the 
predictive performance of multivariable CVD risk as-
sessment for 5- year cardiovascular mortality among 
much older people (aged 85 years at baseline), and 
in their study, the CVD risk score could not identify 
those at high risk of cardiovascular mortality.35 In old- 
old age, it is possible that the proportions of disability 
and mortality caused by risk factors other than CVD 
risk, such as dementia or pneumonia, are increased, 
and for that reason, the predictive validity of estimated 
CVD risk levels for disability and mortality may be lim-
ited. Further investigations are needed to confirm the 
predictive performance of short- term CVD risk esti-
mation in old age.

Additionally, previous studies demonstrating that 
CVD risk estimation based on multivariable risk as-
sessments is useful to predict not only CVD events, 
but also mortality, were based on data from Western 
countries.7– 9 However, predictive validation for mor-
tality using region- specific CVD risk estimation tools, 
developed for non- Western countries, has rarely been 
conducted. In the present study, we demonstrated that 
CVD risk levels estimated by region- specific charts are 
useful for predicting the incidence of mortality using 
the revised WHO CVD risk estimation charts based on 
a Japanese cohort study. These findings reinforce the 

usefulness of the recently updated WHO CVD risk esti-
mation charts for mortality risk prediction.

Strengths and Limitations
This study has several strengths and implications. 
We included large and well- characterized cohort 
data, including a monthly follow- up of disability and 
mortality. In addition, we collected data on functional 
disability from the objective and mandatory assess-
ment in the Japanese public LTCI system, because 
it has no dropout during the follow- up period except 
for relocation or death. However, certain limitations of 
this study should be addressed. First, we could not 
access information about the cause of disability and 
mortality; therefore, we did not establish direct cau-
sality. Second, our study examined linear relation-
ships between CVD risks and disability or mortality 
but did not address nonlinear relationships. However, 
previous studies have reported that relatively low 
blood pressure36 or body mass index37 may be asso-
ciated with worse outcomes, particularly among frail 
or multimorbid older individuals. Further studies are 
needed to examine the possibility of U- shaped rela-
tionships between specific CVD risks and disability or 
mortality. Third, our sample came from only a single 
country (Japan); therefore, further investigation is re-
quired to clarify whether our findings can be general-
ized to other countries. Fourth, we did not control for 
age in the Cox proportional hazards regression be-
cause of multicollinearity (CVD risk estimation chart 
already contained age). Although we conducted sen-
sitivity analysis stratified by age group, the actual age 
may have potential effects on our results about CVD 
risk levels and disability and mortality. Finally, this 
was a single- center retrospective study; therefore, 
information bias and missing data should be taken 
into consideration when interpreting our results.

In conclusion, absolute CVD risk levels estimated 
using the revised WHO CVD risk charts were associ-
ated not only with mortality but also with disability. The 
estimated CVD risk levels in old age could be useful 
for predicting disability and mortality as well as CVD 
risk levels in middle age, as shown in previous studies. 
The estimated CVD risk levels may be useful surro-
gate markers of both disability and mortality risk, even 
based on assessment in old age.
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Data S1. World Health Organization cardiovascular disease risk estimation charts. 

The World Health Organization (WHO) cardiovascular disease (CVD) risk estimation charts allow 

assessment of absolute risk of CVD event according to individuals’ risk status, and a higher risk score 

indicates greater risk-factor burden. The development group calibrated prediction models for 21 

global regions, and region-specific prediction charts are available. In the present study, we used CVD 

risk estimation charts for the High-income Asia Pacific region including Japan. Additionally, the 

development group derived two types of estimation models: a laboratory-based model including age, 

sex, current history of diabetes, smoking status, systolic blood pressure, and total cholesterol and a 

non-laboratory-based model including age, sex, smoking habit, systolic blood pressure, and body 

mass index for resource-limited settings (Table S1). We used not only the laboratory-based model but 

also the non-laboratory-based model for sensitivity analysis. 

Supplemental Methods



Data S2. Certification process of the long-term care insurance system. 

Every Japanese national aged ≥65 years is eligible for benefits, based strictly on functional (physical 

and mental) disability. The nationally uniform criteria for long-term care need certification were 

objectively established by the Japanese government, and the computer-aided standardized needs-

assessment system categorizes people into seven need levels (certified support level ranging between 

1 and 2 or care level ranging between 1 and 5). The certification process starts with an initial 

assessment, in which a trained local government official visits the individual’s home to assess care 

need level using a questionnaire on physical or mental status (73 items) and medical procedures (12 

items). The results of this questionnaire are then entered into the computer to calculate the applicant’s 

estimated time required for care in nine categories (grooming, bathing, eating, toileting, transferring, 

assistance with instrumental activities of daily living, behavioral problems, rehabilitation, and 

medical services). Thereafter, the Nursing Care Needs Certification Board, which comprises 

physicians, nurses and other experts in health and social services, reviews and confirms the care needs 

level. 



Table S1. Variables contained in the World Health Organization risk estimation charts. 

Variables 

Laboratory-based 

prediction model

Non-laboratory-based 

prediction model 

Age ● ● 

Sex ● ● 

Diabetes mellitus ● 

Smoking status ● ● 

Systolic blood pressure ● ● 

Total cholesterol ● 

Body mass index ●



Table S2. Incidence of disability and mortality according to CVD risk levels based on the non-laboratory-based model. 

Disability Mortality 

Crude model Adjusted model † Crude model Adjusted model † 

HR 95% CI P HR 95% CI P HR 95% CI P HR 95% CI P 

Cardiovascular disease risk * 

Low (<10%) Ref Ref Ref Ref 

Mid (10% to <20%) 1.61 1.37–1.88 <0.01 1.34 1.14–1.57 <0.01 1.80 1.37–2.37 <0.01 1.50 1.14–1.98 <0.01 

High (≥20%) 1.73 1.41–2.13 <0.01 1.49 1.21–1.85 <0.01 2.83 2.05–3.93 <0.01 2.43 1.74–3.38 <0.01 

Potential confounding factors 

Pulmonary disease 1.38 1.12–1.70 <0.01 

Cancer 1.29 1.13–1.48 <0.01 1.77 1.45–2.17 <0.01 

Prescribed medications 1.08 1.06–1.10 <0.01 

Education level 0.96 0.94–0.98 <0.01 

MMSE 0.91 0.89–0.93 <0.01 0.92 0.90–0.95 <0.01 

Slow gait speed 2.65 2.37–2.96 <0.01 1.95 1.62–2.36 <0.01 

Depressive symptoms 1.26 1.11–1.42 <0.01 1.42 1.16–1.73 <0.01 

Physical inactivity 1.10 0.99–1.23 0.07 

Drinking habit 0.82 0.74–0.91 <0.01 



Employment 0.65 0.57–0.74 <0.01 0.79 0.65–0.96 0.02 

Living alone 1.46 1.28–1.66 <0.01 1.37 1.10–1.70 <0.01 

CI, confidence interval; CVD, cardiovascular disease; HR, hazard ratio; MMSE, Mini-Mental State Examination. 

* CVD risk levels in this table are defined by the non-laboratory-based prediction model.

† The backward stepwise method was applied for variable selection including potential confounding factors (pulmonary disease, 

cancer, prescribed medications, educational level, MMSE, slow gait speed, depressive symptoms, physical inactivity, drinking 

habit, employment, and living alone). 



Table S3. Incidence of disability and mortality according to CVD risk levels based on the laboratory-based model stratified by age group. 

Disability Mortality 

Crude model Adjusted model † Crude model Adjusted model † 

HR 95% CI P HR 95% CI P HR 95% CI P HR 95% CI P 

<75 years 

Cardiovascular disease risk * 

Low (<10%) Ref Ref Ref Ref 

Mid (10% to <20%) 1.21 0.97–1.50 1.13 0.91–1.42 0.28 1.43 1.01–2.01 1.35 0.96–1.91 0.08 

High (≥20%) 1.92 1.45–2.54 1.63 1.21–2.20 <0.01 2.28 1.49–3.50 2.02 1.30–3.14 <0.01 

≥75 years 

Cardiovascular disease risk * 

Low (<10%) Ref Not selected Ref Not selected 

Mid (10% to <20%) 1.02 0.81–1.30 1.45 0.90–2.34 

High (≥20%) 0.94 0.71–1.25 1.71 1.00–2.91 

CI, confidence interval; CVD, cardiovascular disease; HR, hazard ratio. 

* CVD risk levels in this table are defined by the laboratory-based prediction model.

† The backward stepwise method was applied for variable selection including potential confounding factors (pulmonary disease, cancer, prescribed medications, educational level, Mini-
Mental State Examination, slow gait speed, depressive symptoms, physical inactivity, drinking habit, employment, and living alone). 



Figure S1. Prevalence of cardiovascular disease (CVD) r isk levels according to age and sex based on the non-laboratory-based model. 



Figure S2. Incidence proportions of functional disability and all-cause mortality according to cardiovascular disease (CVD) risk levels based 

on the non-laboratory-based model. 



Figure S3. Kaplan–Meier survival estimates for disability and mortality according to cardiovascular disease (CVD) risk levels based on the 

non-laboratory-based model. Left panel: Survival rates for functional disability; Right panel: Survival rates for all-cause mortality. 




