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Abstract

During the last three decades, Japan has become one of the world’s top countries for longevity, and the increase
in average life expectancy is accompanied by a sharp rise in older population 65 years of age and above to
*28%. This study aimed to examine the changes in major health-related measures, including a physical
constitution, physical function, and functional capacity of community-dwelling Japanese older people in the last
decade. From the data of 13 longitudinal cohort studies on aging conducted in Japan with a total of 13,441 older
subjects, this study analyzed the changes in six indices that are related to health and functioning of the older
people; height, weight, body mass index, walking speed, grip strength, and instrumental activity of daily living,
between 2007 (–2 years) and 2017 (–2 years). Comparison of data for the two periods between subjects
matched for age group and gender evidently showed better health status and a slower decline in most of the
health-related measures in 2017 compared to a decade ago. The results of this study indicate that the phe-
nomenon of ‘‘rejuvenation’’ is occurring among the new generation of Japanese older adults, and the impor-
tance of this older population as a social resource in the super-aged society should be reacknowledged.

Keywords: long-term change, physical function, walking speed, grip strength, community dwelling, Japanese
older adults

Introduction

Currently, both Japanese men and women are
among the populations in the world with the longest

life expectancy. The trend of prolonged longevity has be-
come evident since the 1990s. Although the factors con-
tributing to such prolonged longevity in a population are

complex, a phenomenon of improved health level (func-
tioning) as a result of improved physical functions in older
people as longevity increases has been observed. This
phenomenon has great relevance with respect to the sig-
nificance of the existence of older people in the super-aging
society. It would provide an important insight on whether
older people are simply a socially vulnerable group posing a
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burden on the society, or a promising population that serves
as an effective resource for the society.

The first author previously reviewed the data of the
Longitudinal Interdisciplinary Study on Aging conducted by
the Tokyo Metropolitan Institute of Gerontology ‘‘TMIG-
LISA’’ to analyze the changes in functional capacities of
older people living in a rural community during the 10-year
period from 1992 to 2002.1–3 The findings revealed that the
older population showed marked improvements (changes
toward a favorable direction) in walking speed, grip
strength, instrumental activity of daily living (IADL), and
other measures related to the health status and functioning as
the mean life expectancy was prolonged, suggesting the
observation of a phenomenon of ‘‘rejuvenation.’’

This study aimed to clarify the changes of the major
health-related measures, including physical constitution,
physical function, and functional capacity, over the last
decade in a representative population of community-
dwelling older people in Japan. We report the changes from
2007 to 2017 obtained by performing a pooled analysis of
the data measured in 12 longitudinal cohort studies on ag-
ing, which are representative of Japan. Furthermore, we
compared the decline of these health-related measures in
both the 2007 and 2017 cohorts to confirm whether the
decline in functional capacity has slowed down, that is,
whether the phenomenon of ‘‘rejuvenation’’ has occurred. In
addition, by supplementing the data of TMIG-LISA, we also
discuss the changes in health level of Japanese older adults
during the 25 years from 1990.

Subjects and Methods

About Integrated Longitudinal Studies
on Aging in Japan

In 2017, the National Center for Geriatrics and Gerontol-
ogy launched the ‘‘Integrated Longitudinal Studies on Aging
in Japan’’ (ILSA-J) with the collaboration of 13 longitudinal
cohort studies on aging conducted in older people living in
the community.4–16 The cohorts identified for this research
were considered to be representative of the Japanese older
population and have relatively high accuracy. The cohort
studies included in ILSA-J satisfied the following criteria:
being conducted in Japan, including Japanese older adults
65 years of age and above living in the community, obser-
vational study on aging using standardized methods of
measurement, and has published the study design. The
characteristics of the 13 studies are summarized in Table 1.

Except 1 cohort, which was conducted only mail survey,6

from the data measured in 12 cohort studies, which were
compatible to those analyzed in ILSA-J, we selected six
variables (height, weight, body mass index [BMI], normal
walking speed, grip strength, and IADL) that are the basic
and essential measures most commonly used in studies re-
lated to physical constitution, physical function, and func-
tional capacity of older people. We stratified the subjects by
gender and by 5-year age group in each cohort. For each
variable, we collected the data on number of subjects or
mean and standard deviation of the measurements for each
gender and age group. To examine the changes in the last
decade, we selected two longitudinal ‘‘fixed’’ time intervals:
2007 – 2 years and 2017 – 2 years. The time interval of –2
years was adopted because assessment periods were differ-

ent among cohorts. For example, one study conducted a
survey in 2007, while others conducted surveys between
July 2006 and August 2008. Each cohort study as well as
ILSA-J was approved by the relevant ethics committee and
written informed consent was obtained from all subjects.
The ILSA-J protocol was also approved by the Committee
of Ethics of Human Research at the National Center for
Geriatrics and Gerontology (No. 1174).

Study items

The methodology related to the six variables analyzed in
this study was as follows: height (cm) was measured using a
gauge, to the nearest 0.01 cm. Weight (kg) was measured
using a scale, to the nearest 0.01 kg. BMI (kg/m2) was cal-
culated by dividing weight (kg) by height squared (m2), to
the nearest 0.01 kg/m2. Normal walking speed (m/s) was
measured by a method recommended in Japan. Basically,
two or three trials were performed, and the faster speed was
recorded, to the nearest 0.01 m/s. However, there were some
differences in the walking distances: 2.4, 5 and 6 m in one
study each, and 10 m in two studies in 2007; and 2.4 m in
one study, 5 m in seven studies, and 10 m in one study in
2017. Hand grip strength was measured using a Smedley
dynamometer. Two trials were performed, and the larger
reading was recorded, to the nearest 0.01 kg. IADL was as-
sessed using one of the subscales of the Tokyo Metropolitan
Institute of Gerontology Index of Competence (TMIG-IC; 13
items).17,18 The subscale related to IADL is ‘‘Instrumental
Self-maintenance,’’ which contains five items: Can you go
out by yourself using bus or train? Are you able to shop for
daily necessities? Are you able to prepare meals by yourself?
Are you able to pay bills? Can you handle your own bank-
ing? A score of 1 is given to a response of ‘‘yes’’ and 0 to
‘‘no’’ and sum of the scores was calculated. The total score
for an individual ranges from 0 to 5.

Statistical analysis

To calculate the pool averages and 95% confidence in-
tervals (CIs) of height, weight, BMI, walking speed, grip
strength, and IADL, we performed one-group meta-analyses
using the comprehensive meta-analysis software version
3.0.19 Heterogeneity across studies was assessed by Co-
chran’s Q test and I2 statistic, and was considered to be
present when p < 0.05. The I2 values of 25%, 50%, and 75%
were considered to indicate heterogeneity at low, moderate,
and high level, respectively.20 For each age group (5-year
increments), gender, and study year (2007 or 2017), we
calculated pooled averages and 95% CIs of height, weight,
BMI, walking speed, grip strength, and IADL using random-
effects models if heterogeneity was present and fixed-effects
models if heterogeneity was absent.21 Analysis of covari-
ance (ANCOVA) was performed to verify whether there are
differences between the secular changes of these health-
related measures between the 2007 and 2017 cohorts, which
is synonymous with whether the phenomenon of rejuvena-
tion occurred among the community-dwelling older people
in the recent cohort. In ANCOVA, we constructed pseudo-
microdata from the summary statistics (including mean,
standard deviation, and CI)22–24 for each cohort in the 2007
and the 2017 analyses, and the baseline values of the mea-
surements for each cohort were used as covariance.
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Results

The characteristics of all the cohorts used in this study,
including the period of study, number of subjects, gender
(female %), age, dataset used in this study, and references,
are summarized in Table 1. Among the cohorts that partic-
ipated in the ILSA-J, six cohorts provided data of all or
some of the six variables in 2007, and the number of sub-
jects totaled 5389 (1961 men, 3428 women). The mean
baseline ages of the six cohorts distributed from 70.5 – 4.5 to
78.5 – 4.2 years, with the youngest at 65 years and the oldest
at 97 years. The pooled mean age was 74.9 years (standard
error [SE] = 1.2).

Ten cohorts provided data of all six variables in 2017,
from a total of 8052 subjects (3052 men and 5000 women).
The mean baseline age distribution was from 71.8 – 4.5 to
80.0 – 4.0 years, with the youngest at 65 years and the oldest
at 100 years. The pooled mean age was 75.9 years
(SE = 1.3). Subjects 90 years of age and above in 2007 and
2017 were excluded from analysis, because the numbers
were too small.

The degree of heterogeneity and the pooled mean values
of the six study items considering heterogeneity across the
cohorts in 2007 and 2017 are shown in Tables 2 and 3, and
Figures 1 and 2. Cochran’s Q test and I2 statistics showed
heterogeneity for most items in most age groups and both
genders, except IADL. For variables showing heterogeneity,
random-effects model was used to calculate pooled means
and 95% CIs.

Compared to 2007, the following changes were observed
in 2017. Height increased in all age groups both in men and
in women. Men showed weight gain in all age groups, while
women showed weight reduction in the young-old age
groups (65 to 74 years) and weight gain in the old-old age
groups (75 to 89 years). BMI increased in all age groups in
men, whereas in women, BMI increased only in those 85–89
years of age, but decreased in all other age groups. Increase
in normal walking speed was observed in all age groups in
both men and women. Grip strength also increased in old-
old age groups 75 years of age and above in men and 70
years of age and above in women. Increases in IADL scores
were observed in all men and women, except men in the
85–89 age group and women in the 75–79 age group.

To confirm whether rejuvenation occurred, we examined
whether there were differences in secular changes of normal
walking speed and handgrip strength between the 2007 and
2017 cohorts. Pseudo-microdata were constructed and ana-
lyzed with ANCOVA. The results are shown in Figure 3.
The decline in normal walking speed was significantly
mitigated in the 2017 cohort compared to the 2007 cohort in
men 75 years of age and above and women 70 years of age
and above. A similar trend of mitigation was observed for
the decline in handgrip strength: considerable slowdown of
decline in 2017 compared to 2007 was observed in both men
and women.

Discussion

The mean life expectancy has increased sharply during
the last several decades mainly in industrialized countries.25

In Japan, the mean life expectancy in 1946 soon after World
War II was very low: 50.6 years for men and 54.0 years for
women. Since then, mean life expectancy has continued to

increase, reaching 81.2 for men and 87.5 for women in
2018. Even during the 10-year period of this study, mean
life expectancy increased from 2007 to 2017 by 5.0 years in
men and 5.1 years in women. What impact has this marked
on prolongation of mean life expectancy on the physical
constitution, physical function, and functional capacity of
the older people in Japan? This research is an analytical
study of standardized measurement data of 12 on-going
long-term longitudinal cohort studies in Japan, and these
studies are characterized by having relatively high accuracy.
The results of this study provide some of the answers to the
above question.

When examining the changes in six basic variables from
2007 to 2017, we found that men showed increases in
height, weight, and BMI in 2017 compared to 2007 in all
age groups. In women, however, the height increased in
2017 compared to 2007 in all age groups, but weight was
reduced in the young-old age groups in 2017, while BMI
decreased in all age groups, except those 85–89 years of age
in 2017 compared to 2007. These results evidently show that
women tend to become slimmer over a decade; even com-
parison was made between subjects of the same age groups.
Regarding this phenomenon, the same trend can be seen in
the National Health and Nutrition Survey (NHNS-J) con-
ducted in Japan.26 According to the survey report for the
change in BMI during the 10 years from 2007 to 2017, BMI
in men increased slightly from 23.90 to 24.01 in the 60’s age
group and 23.17 to 23.31 in the 70 and above age group. On
the contrary, BMI in women decreased from 23.38 to 23.20
in the 60’s age group and from 23.15 to 22.97 in the 70 and
above age group. The decrease in BMI, or the tendency of
slimming, in older Japanese women appears to have con-
tinued during the last decade. The main reason of the trend
of BMI decrease in women might be ‘‘the desire of slim-
ming.’’ According to the BMI data of NHNS-J from 1947, a
tendency of BMI decrease (slimming) appeared in women in
the twenties in early 1960s, women in the thirties in 1970s,
women in the forties in 1980s, and women in the fifties in
1990s, and this tendency of BMI decrease even began to
appear in women in the sixties from 2000. From these data,
BMI decrease probably appeared also in women in the
seventies since 2010. The NHNS-J has reported that 20% of
women 65 years of age and above had BMI of 20 kg/m2,
showing a tendency of undernutrition and that this situation
is a noteworthy fact.

Mobility capability enables older people to live an inde-
pendent life, and among the various elements of motility,
walking speed is the most important and indispensable ca-
pability. Previous study has identified walking speed as a
representative parameter of basic motor performance of
older adults.27 In older people, walking speed is known to be
a predictive factor of overall function of daily living, risk of
falling, depressive state, deteriorated ADL, admission to
institution, and cognitive decline and even death.28–32

In this study, when we examined the change in walking
speed from 2007 to 2017 in Japanese older adults living in
the community, marked improvement was observed in all
age groups both in men and women. The rate of change
(walking speed in 2017–walking speed in 2007/walking
speed in 2007) showed increases ranging from 1.6% to 6.5%
in men and 5.5% to 11.6% in women, and the highest rate of
increase was found in the 85–89 age group both in men and
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women. Especially in women, the increase rates exceeded
10% in all the old-old age groups, and this degree of im-
provement in walking speed was indeed striking. Further-
more, comparison of decline in walking speed stratified by
5-year age group in the 2007 and 2017 cohorts showed
significantly slower decline in the 75–79 and 80–84 groups
for men as well as in the 70–74, 75–79, and 80–84 groups
for women in the 2017 cohort as shown in Figure 3. In
addition to the faster walking speed, mitigation of decline in
walking speed is probably a continuous phenomenon that
has occurred even before 2007.

The first author previously reported the changes in
physical functions, including walking speed in Japanese
older people from 1992 to 2002, based on the data obtained
from TMIG-LISA.1 In 1992, the normal walking speed of all
subjects 65 years of age and above was 1.16 – 0.27 m/s in
men and 1.00 – 0.27 m/s in women. In 2002, the age group
with the same walking speed as above was the 76 years and
above group both in men and women (1.17 – 0.30 in men
and 1.00 – 0.27 in women). In other words, with respect to
normal walking speed, both men and women were rejuve-
nated by 11 years from 1992 to 2002.1,2

We then attempted to synthesize the 1992 to 2002 data of
the TMIG-LISA with the data obtained in this study with
regard normal walking speed. For example, for men 65–69
years of age, the walking speeds were 1.26 m/s in 1992,
1.36 m/s in 2002, 1.38 m/s in 2007, and 1.40 m/s in 2017,
while for those 80–84 years of age, the walking speeds were
0.86, 1.07, 1.15 and 1.23, respectively. For women 65–69
years of age, the walking speeds (m/s) were 1.16 in 1992,

1.33 in 2002, 1.36 in 2007, and 1.44 in 2017, while for those
80–84 years of age, they were 0.79, 0.95, 1.09, and 1.21
(m/s), respectively. In both older men and women of all age
groups, the normal walking speed became faster in as-
cending order of 1992, 2002, 2007, and 2017. In other
words, Japanese older adults living in the community have
consistently shown increase in walking speed over the last
25 years, and the improvement in walking speed is espe-
cially striking in women.

In the analysis of the change in grip strength over the last
10 years, the mean grip strengths in 2017 were higher
compared with that in 2007 in all age groups both in men
and women, except the 65–69 age group in both sexes and
70–74 age group in men. These findings thus indicate that
grip strength increases markedly in both men and women
over the last decade, at least in the old-old population. Also,
comparison of decline in grip strength stratified by 5-year
age group in the 2007 and 2017 cohorts showed much less
decline in both men and women in the 2017cohort. The
skeletal muscle mass and muscle strength are extremely
important to support functioning during old age. In general,
decrease in skeletal muscle mass accelerates after 30 years
of age.33 Decrease in skeletal muscle mass due to aging is
recognized as an important factor for the decline of muscle
strength. Grip strength as well as walking speed are key
components of physical performance in older people34 and
good predictors of functional capacity decline and even all-
cause mortality.35 Sarcopenia, which is defined as loss of
muscle mass and function, has recently become an impor-
tant issue in the aging society because sarcopenia can lead to

FIG. 3. Differences between the secular changes in 2007 and 2017 cohorts. (The results of ANCOVA with the baseline
valuables of each cohort as covariance). ANCOVA, analysis of covariance.
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critical reduction in functional capacity and cause disabili-
ty.36 Since hand grip strength shows high correlation with
muscle strength in many parts of the body, this parameter
has strong association with sarcopenia, which progresses
with aging. With the additional advantages of being easy
and safe to measure, grip strength is indispensable for the
evaluation of sarcopenia.37

IADL is one of the crucial indicators of daily life func-
tioning and survival of older people. For the IADL-related
subscale of TMIG-IC, except men 85–89 years of age and
women 75–79 years of age, both men and women of all
other age groups achieved higher mean scores in 2017
compared to 2007. Especially in the young-old population,
men and women scored 4.89 or higher out of 5 (98%) in
2017, showing almost score saturation for the IADL-related
subscale. When analyzed by gender, all women, except
those 85–89 years of age scored 4.95 (99%) or higher, which
was higher than the score for men, clearly demonstrating
that women exhibit high ADL capability. In a recent report
of a cohort study of community-dwelling older Japanese,
which assessed higher level functional capacity using the
IADL subscale of TMIG-IC, a decreasing aging trajectory in
higher level functional capacity was associated with higher
risk of death and higher monthly long-term care costs.38

This study revealed that compared to the older cohort in
2007, the recent cohort in 2017 showed significantly higher
performance in walking speed, grip strength, and IADL,
which are closely associated with functional capacity, and
the recent cohort also exhibited slowed decline in walking
speed and grip strength compared to the older cohort. These
findings indicate that at population level, the functional
decline is mitigated in the recent cohort compared to that of
a decade ago.

As discussed above, from the analysis of the changes in
six functioning-related variables over the past decade, the
findings suggest that in the super-aged Japanese society as a
result of prolonged life expectancy, the older people making
up this society attain a higher level of health status and
functioning compared to a decade ago. Prolonged life ex-
pectancy and increase in older population have not resulted
in just an increase of frail older population (as in the old
days), but a net increase of highly active older people full
of vitality, who possess high physical functions. There are
many reasons why today’s Japanese older people are so
healthy and active. First, nutritional status has improved
through increases in animal protein to total protein ratio
and dietary variety.39,40 Second, lifestyle-related diseases in
midlife to old age, such as stroke, heart diseases, and obe-
sity, have been relatively well controlled and prevented.41,42

Third, increase in social participation among community-
dwelling older people may have reduced the risk of inci-
dent functional disability and depressive symptoms.43,44

Oshio45 examined the health-related capacity of older
Japanese to work and the trend between 1986 and 2016
using data from nationwide and population-based surveys.
They found clear trends of improvement in all health
variables in both men and women 65 to 69 years of age and
70 to 74 years of age. Considering these studies, it can be
said that the health status of older Japanese, particularly
those so-called ‘‘young-old people,’’ has been definitely
improved and rejuvenation seems to have continued for the
last two or three decades.

This study has several limitations. The first limitation is
the use of representative samples. This study consisted of 12
relatively high-quality cohort studies in Japan, from which
we collected the mean – standard deviation of measurements
for each cohort and performed pooled analysis on the data.
Each cohort study was not an exhaustive survey, including
all individuals of the study population (whole population
survey), and the cohort consisted of a sample of individuals
with relatively high health level, who responded to invita-
tions to participate in health checks. Our previous studies
showed that the participants and nonparticipants of these
health checks for older people differed not only in health
level but also in mortality during a 3-year follow-up peri-
od.46,47 However, in this study, we made efforts to select
studies with samples representative of the populations. In
addition, as discussed above regarding BMI, there were no
great differences between our findings and the data obtained
from nationwide surveys such as the NHNS-J. Therefore, we
consider that this research represents the general health
status of the community-dwelling older population in Japan.

The second limitation is related to the dataset analyzed in
this study. Because pooled analysis was performed using
only group data of surveys (number of subjects or mean and
standard deviation of each variable) and not the individual
data of surveyed subjects, we were not able to consider
dropout rate or shift of distribution (proportion of those
improved or deteriorated) of each variable in our analyses.
We were also not able to adjust for individual health status
such as frailty and socioeconomic factors that affect the
secular changes of functional capacity during follow-up
periods when comparing the 2007 and 2017 cohorts.

The third limitation is the heterogeneity across cohorts.
In this study, although all cohort studies used relatively
standardized methods to measure health-related parame-
ters, there was a significant degree of heterogeneity across
studies as assessed by Cochran’s Q test and I2 statistics in
most analyses. However, heterogeneity is often inevitable
in pooled analyses of observational studies, and it does not
necessarily invalidate the findings.48,49 The presence of
heterogeneity also suggests that it might be difficult to
conclude the phenomenon with one study. Although it is
necessary to obtain more information about the study
protocol and verify the cause of heterogeneity in the future,
this study is meaningful for attempting to find the Japanese
population mean with minimal bias using meta-analysis
considering heterogeneity.

Notwithstanding the above limitations, it is both relevant
and important to analyze and report the long-term changes
of major health-related measures in the older population in
Japan, a country that ranks among the top countries in av-
erage life expectancy and already experiencing a super-aged
society. Especially, the finding of marked improvement in
normal walking speed, an indicator of functioning in the
older people, over a period of 25 years may represent a
phenomenon of ‘‘rejuvenation’’ in the older people. This
result implies that the increase in aged population ac-
companying prolonged mean life expectancy in this era
does not increase frail older people as was observed in the
past, but rather increases independent older people with
good health and vitality.2 Hence, the importance of the
older population as a social resource in the aged society
should be reacknowledged.
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