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BACKGROUND: Previous studies have suggested that a
healthy lifestyle (HL) may prolong the years of life spent in
good health. However, the impact of HL on disability-free
survival (DFS) among the elderly is still uncertain.
OBJECTIVE: To investigate the relationship between HL
and DFS in the general elderly population.
DESIGN: Prospective cohort study with a 10-year follow-
up (2006–2016).
PARTICIPANTS: 9910 community-dwelling elderly peo-
ple (≥ 65 years).
MAIN MEASURES: A HL index derived by summing the
number of HL behaviors. Data on incident disability were
retrieved from the public Long-term Care Insurance da-
tabase. Multivariate-adjusted 50th percentile differences
(PDs) in age at disability or death (months) and their 95%
CIs were estimated with the Laplace regression model.
KEY RESULTS: During the 10 years, 4562 disability or
death events occurred. Participants who adhered to all
three HL behaviors lived 17.1 (95% CI 12.7, 21.5) months
longer without disability than those who adhered to zero
or one. Each 1-point increase of the index score conferred
8.8 months additional life without disability. The tenden-
cy for the 50th PDs to increase with a higher HL index
score did not differ according to age (< 75 or ≥ 75 years),
sex, or the presence of chronic conditions (none, or ≥ 1
chronic condition).
CONCLUSIONS:A combination of HL behaviorsmay sub-
stantially increase DFS, even for late-elderly (≥ 75 years),
or elderly people with chronic conditions.
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INTRODUCTION

Rizzuto et al. found that healthy lifestyle (HL) behaviors were
associated with longer survival.1 However, whether the extra
years of life gained are spent in good health is a crucial issue

that has not been addressed. May et al. reported that combined
HL behaviors result in an increase in the number of years spent
in good health (as measured in terms of disability-adjusted life
years).2 However, in that study, the age of the participants
ranged widely (between 20 and 70 years), which may have
hindered accurate estimation of the impact of combined HL
behaviors on incident disability and premature death among
elderly people, especially those in late old age (≥ 75 years).
Moreover, since participants with prevalent diseases at the
baseline were excluded, it was not possible to assess the
impact of combined HL behaviors among participants with
chronic conditions, regardless of the high prevalence of chron-
ic conditions among the elderly population.3 Therefore, it still
remains undetermined whether combined HL behaviors are
able to prolong disability-free survival (DFS) in the general
elderly population.
Our previous study showed that combined HL behaviors

(i.e., not current smoker, time spent walking ≥ 0.5 h/day, and
vegetable and fruit consumption volume ≥ 270 g/day) are
related to a lower risk of incident disability in the general
elderly population.4 In the present study, we further estimated
the relationship between combined HL behaviors and DFS
with differences in median age at disability or death. This
approach is informative because the results are expressed
directly in the context of time (years), thus aiding communi-
cation and interpretation of the results.5

METHODS

Study Cohort

The design of the Ohsaki Cohort 2006 Study has been de-
scribed in detail elsewhere.6 In brief, the source population for
the baseline survey comprised 31,694men andwomen aged ≥
65 years who were living in Ohsaki City, northeastern Japan,
on 1 December 2006. The survey included questions about
lifestyle behaviors (including smoking, time spent walking,
sleep time, and food consumption), as well as items on body
weight, height, history of disease, education level, social sup-
port, motor function, and cognitive function.
The baseline survey was conducted between 1 and 15

December 2006, and follow-up of the participants began on
16 December 2006.
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Healthy Lifestyle Index (Exposure)

In accordance with our previous study,4 a HL index (ranging
from 0 to 3) was the summed number of the following vari-
ables: (1) never or former smoker; (2) time spent walking ≥
0.5 h/day; (3) eating ≥ 270 g/day of fruit and vegetables (for
more details, see Online Appendix). We categorized the HL
index into three groups: (1) B0–1 point,^ (2) B2 points,^ and
(3) B3 points.^

Follow-up and Case Ascertainment

We counted the person-years of follow-up for each subject
from 16 December 2006 until the date of incident disability,
the date of death, the date of emigration from Ohsaki City, or
the end of the study period (30 November 2016), whichever
occurred first.
A composite outcome was set as our primary endpoint,

defined as Long-term Care Insurance (LTCI) certification
(Support Level 1 or higher) or death (without LTCI certifica-
tion). Considering that the relationship between HL index and
incident disability may differ according to the severity of
disability, a secondary composite outcome was defined as
LTCI certification (Care Level 2 or higher, i.e., greater disabil-
ity) or death (without LTCI certification).
All data pertaining to LTCI certification, death, or emigra-

tion were transferred from the Ohsaki City Government under
the agreement related to Epidemiologic Research and Privacy
Protection yearly each December.

The LTCI System in Japan

Japan uses a nationally uniform standard of functional disabil-
ity. The LTCI is a form of mandatory social insurance to assist
the frail and the elderly in their daily activities.7, 8 Everyone
aged ≥ 40 years pays a premium, and everyone aged ≥ 65 years
is eligible for formal caregiving services. When a person
applies to the municipal government for benefits, a care man-
ager visits his or her home and assesses the degree of func-
tional disability using a questionnaire developed by the Min-
istry of Health, Labour and Welfare. The municipal govern-
ment calculates the standardized scores for physical and men-
tal function on the basis of the questionnaire and classifies the
applicant as being eligible or ineligible for LTCI benefits
(certification). If a person is judged to be eligible for benefits,
the Municipal Certification Committee decides on one of the
seven levels of support, ranging from Support Level 1, Sup-
port Level 2, and Care Level 1 to Care Level 5. In brief, LTCI
certification levels are defined as follows: Support Level 1 is
defined as Blimited in instrumental activities of daily living but
independent in basic activities of daily living (ADLs),^ Care
Level 2 is defined as Brequiring assistance in at least one basic
ADL task,^ and Care Level 5 is defined as Brequiring care in
all ADL tasks.^ A community-based study has shown that the
level of LTCI certification is well correlated with ability to
perform ADLs, and with the Mini-Mental State Examination

score.9 A prospective study has also indicated that the level of
LTCI certification is associated with mortality risk.10 LTCI
certification has been used as a measure of incident functional
disability in the elderly.11, 12

Covariates

Body mass index (BMI) was categorized into four groups: <
18.5, 18.5–25, ≥ 25 (kg/m2), and missing. Education level was
assessed as BHow old were you when you completed your
education?^ and answered using a positive integer. Based on
the answer, we classified education level into four groups: <
16, 16–18, ≥ 19 (years), and missing.
The degree of social support available to each individual was

assessed by a social support questionnaire consisting of five
questions, each requiring a Byes^ or Bno^ answer13: Do you
have someone (1) with whom you can talk when you are in
trouble, (2) whomyou can consult when you do not feel well, (3)
who can help you with your daily housework, (4) who can take
you to a hospital when you feel ill, and (5) who can take care of
you if you become bedridden? A validation study had reported
that persons who responded Byes^ had a higher average score on
the Lubben Social Network Scale for each of these items.14

The Kihon Checklist was developed by the Ministry of
Health, Labour and Welfare of Japan to predict functional
decline in community-dwelling elderly. With regard to the
motor function score in the Kihon Checklist, respondents were
asked about their current motor function status using five
binary questions, yielding total point scores ranging from 0
to 5. Based on the optimal cutoff point for functional decline
suggested in the validation study, we classified individuals
with scores of < 3 as having better motor function.15 With
regard to the cognitive function score in the Kihon Checklist,
respondents were asked about their current cognitive function
status using three binary questions yielding total point scores
ranging from 0 to 3. The validity of the cognitive function
score in the Kihon Checklist had been confirmed in a previous
study,16 and we classified individuals with scores of 0 as
having better cognitive status.

Ethical Issues

We considered the return of completed questionnaires to imply
consent to participate in the study involving the baseline
survey data and subsequent follow-up of death and emigra-
tion. We also confirmed information regarding LTCI certifica-
tion status after obtaining written consent along with the
questionnaires returned from the subjects at the time of the
baseline survey. The Ethics Committee of Tohoku University
Graduate School of Medicine (Sendai, Japan) reviewed and
approved the study protocol.

Statistical Analysis

The multivariate-adjusted Cox proportional hazards model
was used to calculate the HRs and 95% confidence intervals
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(95% CI) for incident composite outcome, using age as the
time scale (HL index of 0 or 1 was treated as the reference).
Multivariate models were adjusted for sex, body mass index
(in kg/m2; < 18.5, 18.5–25, ≥ 25, or missing), presence of
chronic conditions (stroke, hypertension, myocardial infarc-
tion, diabetes, joint diseases, or cancer; yes/no, for each term),
education level (age at last school graduation: < 16 years, 16–
18 years, ≥ 19 years, or missing), social support situation
(supported, not supported, or missing for each of five kinds
of social support, separately), baseline motor function status
(motor function score of the Kihon Checklist < 3, ≥ 3, or
missing), and baseline cognitive function status (cognitive
function score of the Kihon Checklist = 0, > 0, or missing).
Laplace regression was used to evaluate differences in DFS

according to the HL index groups, by using attained age as the
time scale.17 We focused our analysis on the 50th percentile of
DFS (expressed inmonths), i.e., the median age at disability or
death. Therefore, the measure of exposure-outcome associa-
tion was defined as the 50th percentile difference (PD) in age.
Laplace regression was adjusted for the same confounders as
those in Cox plus age at the baseline (65–69, 70–74, 75–79,
80–84, or ≥ 85 years). Stratification analysis was then per-
formed in relation to age (< 75 or ≥ 75 years), sex, and pres-
ence of chronic conditions (stroke, hypertension, myocardial
infarction, diabetes, joint disease, and cancer; no chronic

condition or ≥ 1 chronic condition) at the time of the baseline
survey.
The analyses described above were applied for both prima-

ry and secondary composite outcomes. The Cox proportional
hazards model was performed using SAS version 9.4 (SAS
Inc., Cary, NC). Laplace regressions were performed by Stata/
MP 14. All statistical tests described here were two-sided, and
differences at P < 0.05 were accepted as significant.

RESULTS

In this analysis, 9910 persons were included. Flow chart of
participants is shown in Figure 1. During the 10-year period,
only 141 persons were lost to follow-up because of migration
from the study area, without developing incident functional
disability, which provided a follow-up rate of 98.6%. Among
75,969 person-years, incident functional disability was deter-
mined for 3540 persons and the number of all-cause deaths
without incident functional disability was 1022.

Baseline Characteristics

Among 9910 participants, 49.0% were men and 51.0% were
women, and the mean (SD) age of the participants overall was
73.5 (6.0) years.

Figure 1 Flow chart of the study participants: the Ohsaki Cohort 2006 Study. *Without developing incident disability.
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Healthy Lifestyle Index and Disability-Free
Survival

After multivariate adjustment for potential confounders, a
higher HL index score was associated with a lower risk of
both primary and secondary composite outcomes and a longer
DFS (Table 1). For primary composite outcome, the
multivariate-adjusted 50th PD (95% CI) in age at incident
disability or death for participants who had all three HL
behaviors was 17.1 (12.7, 21.5) months older than those
who had none or only one HL behavior. Each 1-point increase
of the index score was associated with 8.8 additional months
of life without disability (P trend < 0.001). For secondary
composite outcome, the corresponding values were 23.3
(18.0, 28.6) and 12.6 (10.0, 15.3) (P trend < 0.001).

Healthy Lifestyle Index and Disability-Free Sur-
vival by Age, Sex, and Chronic Conditions

Stratified analyses of the association between HL index and
composite outcomes were also conducted but the association
did not differ according to age, sex, and presence of chronic
conditions at the baseline (Figs. 2 and 3).

DISCUSSION

In this prospective cohort study of 9910 elderly participants
followed up for 10 years, an increase in the HL index score
was associated with an increased number of years of
disability-free life. In comparison with individuals who ad-
hered to noHL behaviors or only one, those who adhered to all
three HL behaviors lived an average of 17.1 months longer

without disability. Each 1-point increase in the index score
resulted in approximately 9 months of longer life without
disability. This association did not differ after using greater
disability and death as the composite outcome, according to
age, sex, and presence of chronic conditions.
Our findings are consistent with a previous study that

investigated the impact of HL on disability-adjusted life
years.2 In that study, elderly persons (aged > 50 years) adher-
ing to four HL characteristics enjoyed an average of 25 more
months of improved health during their lifetime. Similar to our
study, the exposure variable employed was a health behavior
score obtained by summing points awarded for being a non-
smoker, having a low BMI (< 25), being physically active, and
adhering to a Mediterranean diet. However, in the present
study, BMI was not chosen as a lifestyle factor because obese
elderly accounted for a very low proportion of participants
(only 2.7% had a BMI of > 30).
Our age-stratified results showed that an increased DFS

period was still evident for late-elderly (≥ 75 years) partici-
pants with a higher HL index score. A previous study had
reported a positive association between combined HL behav-
iors and longer survival in the late-elderly.1 However, the
health status of long-lived individuals is an important issue.
Our present findings could be considered as evidence that
adherence to more HL behaviors would not only prolong life
but also prolong healthy life, even in late old age.
It is also noteworthy that a similar relationship between the

HL index score and DFS period was observed among partic-
ipants with and without chronic conditions. Although the DFS
period would differ according to baseline health conditions,18

our results demonstrated that the impact of combined HL
behaviors on DFS is independent of health status. That is,

Table 1 Hazard Ratios (HR) (Analysis by Cox Proportional Hazards Model) and 50th Percentile Differences (PD) (Analysis by Laplace
Regression Model) in Age of Disability-Free Survival, with 95% Confidence Interval (CI), According to Healthy Lifestyle Index (n = 9910)

HLI Event/person-years HR† 95% CI 50th PD‡ (months) 95% CI

Primary composite outcome*
0 and 1 1701/21,855 1.00 Reference 0 Reference
2 1994/35,931 0.78 (0.73, 0.84) 11.0 (7.2, 14.8)
3 867/18,183 0.71 (0.65, 0.77) 17.1 (12.7, 21.5)

Each 1-point increase of the index score 0.83 (0.80, 0.87) 8.8 (6.6, 10.9)
Secondary composite outcome*
0 and 1 1271/25,687 1.00 Reference 0 Reference
2 1298/40,566 0.73 (0.68, 0.79) 15.6 (11.2, 20.0)
3 497/20,261 0.63 (0.56, 0.70) 23.3 (18.0, 28.6)

Each 1-point increase of the index score 0.78 (0.74, 0.82) 12.6 (10.0, 15.3)

Italic indicates statistical significance (P < 0.001)
*Primary composite outcome was defined as LTCI certification (Support Level 1 or higher) or death. Secondary composite outcome was defined as
LTCI certification (Care Level 2 or higher, i.e., severer disability) or death
†Adjusted for sex, body mass index (in kg/m2; < 18.5, 18.5–25, ≥ 25, or missing), presence of chronic conditions (stroke, hypertension, myocardial
infarction, diabetes, joint diseases, or cancer; yes/no, for each term), education level (age at last school graduation: < 16 years, 16–18 years, ≥
19 years, or missing), social support situation (supported, not supported, or missing for each of 5 kinds of social support, separately), baseline motor
function status (motor function score of the Kihon Checklist < 3, ≥ 3, or missing), and baseline cognitive function status (cognitive function score of the
Kihon Checklist = 0, > 0, or missing)
‡Adjusted for age (65–69, 70–74, 75–79, 80–84, or ≥ 85 years) at baseline, sex, body mass index (in kg/m2; < 18.5, 18.5–25, ≥ 25, or missing),
presence of chronic conditions (stroke, hypertension, myocardial infarction, diabetes, joint diseases, or cancer; yes/no, for each term), education level
(age at last school graduation: < 16 years, 16–18 years, ≥ 19 years, or missing), social support situation (supported, not supported, or missing for each
of 5 kinds of social support, separately), baseline motor function status (motor function score of the Kihon Checklist < 3, ≥ 3, or missing), and baseline
cognitive function status (cognitive function score of the Kihon Checklist = 0, > 0, or missing)
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even for elderly people with chronic conditions, adherence to
more HL behaviors resulted in comparable benefits by
preventing disability and premature death.
Our study had a number of strengths: (1) in the present study,

differences in DFS were quantified by estimating the 50th PD
of attained age.5, 19 Such quantitative measurements could help
the general public to interpret the results and might also assist
the implementation of public health policy encouraging the
public to adhere to HL behaviors, (2) disability was defined
as LTCI certification, and the time until disability onset was
accurately known, and (3) the follow-up rate was almost 100%.

Several limitations should also be considered. First, because
lifestyle behaviors were assessed at the baseline, we were
unable to take into account changes during the follow-up
period. Second, because not all candidates applied for LTCI
certification, this study may not have been completely free
from detection bias. Third, ignoring missing data in complete
case analysis may have led to biased estimates. However, the
small differences in the results for complete case and multiple
imputation analyses suggested that missing data had little
impact on our findings (Online Supplementary Table). Fourth,
not all key lifestyle behaviors (such as a diet high in sodium20)
accounting for differences in DFS were assessed in the present
study, and further evaluation is therefore required. Finally,
different cultural and biological backgrounds of individuals

Figure 2 Multivariate-adjusted 50th percentile difference (PD) (95%
CI) in age at incident disability (Support Level 1 or higher) or death
stratified by age (< 75 or ≥ 75 years), sex, and presence of chronic
conditions (stroke, hypertension, myocardial infarction, diabetes,
joint disease, and cancer; no chronic condition or ≥ 1 chronic

condition) at the time of the baseline survey.

Figure 3 Multivariate-adjusted 50th percentile difference (PD) (95%
CI) in age at incident disability (Care Level 2 or higher, i.e., severer
disability) or death stratified by age (< 75 or ≥ 75 years), sex, and
presence of chronic conditions (stroke, hypertension, myocardial

infarction, diabetes, joint disease, and cancer; no chronic condition
or ≥ 1 chronic condition) at the time of the baseline survey.
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living in other areas may affect the extrapolation of our results.
Further studies in different settings are expected in the future.
In conclusion, the present study has found an association

between combined HL behaviors and increased DFS among
elderly people. This associationwas consistently evident among
both young-elderly (< 75 years) and late-elderly (≥ 75 years)
people, men and women, and elderly with and without chronic
conditions. Our findings suggest that encouragingHL behaviors
even in old age may enhance health in later life by reducing the
incidence of disability and premature death.
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