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Abstract We investigated the incidence of disability and
its risk factors in older Japanese adults to establish an
evidence-based disability prevention strategy for this pop-
ulation. For this purpose, we used data from the Longitu-
dinal Cohorts of Motor System Organ (LOCOMO) study,
initiated in 2008 to integrate information from cohorts in
nine communities across Japan: Tokyo (two regions),
Wakayama (two regions), Hiroshima, Niigata, Mie, Akita,
and Gunma prefectures. We examined the annual occur-
rence of disability from 8,454 individuals (2,705 men and
5,749 women) aged >65 years. The estimated incidence of
disability was 3.58/100 person-years (p-y) (men: 3.17/100
p-y; women: 3.78/100 p-y). To determine factors associ-
ated with disability, Cox’s proportional hazard model was
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used, with the occurrence of disability as an objective
variable and age (41 year), gender (vs. women), body
build (0: normal/overweight range, BMI 18.5-27.5 kg/m?;
1: emaciation, BMI <18.5 kg/mz; 2: obesity, BMI
>27.5 kg/m?), and regional differences (0: rural areas
including Wakayama, Niigata, Mie, Akita, and Gunma vs.
I: urban areas including Tokyo and Hiroshima) as
explanatory variables. Age, body build, and regional dif-
ference significantly influenced the occurrence of disability
(age, +1 year: hazard ratio 1.13, 95 % confidence interval
1.12-1.15, p < 0.001; body build, vs. emaciation: 1.24,
1.01-1.53, p = 0.041; body build, vs. obesity: 1.36,
1.08-1.71, p = 0.009; residence, vs. living in rural areas:
1.59, 1.37-1.85, p < 0.001). We concluded that higher age,
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both emaciation and obesity, and living in rural areas
would be risk factors for the occurrence of disability.

Keywords Nation-wide population-based cohort study -
Epidemiology - Incidence - Disability - Body build

Introduction

In Japan, the proportion of the population aged 65 years or
older has increased rapidly over the years. In 1950, 1985,
2005, and 2010, this proportion was 4.9, 10.3, 19.9, and
23.0 %, respectively [1]. Further, this proportion is esti-
mated to reach 30.1 % in 2024 and 39.0 % in 2051 [2]. The
rapid aging of Japanese society, unprecedented in world
history, has led to an increase in the number of disabled
elderly individuals requiring support or long-term care. The
Japanese government initiated the national long-term care
insurance system in April 2000 in adherence with the
Long-Term Care Insurance Act [3]. The aim of the national
long-term care insurance system was to certify the level of
care needed by elderly adults and to provide suitable care
services to them according to the levels of their long-term
care needs. According to the recent National Livelihood
Survey by the Ministry of Health, Labour and Welfare in
Japan, the number of elderly individuals certified as
needing care services increases annually, having reached 5
million in 2011 [4].

However, few prospective, longitudinal, and cross-
national studies have been carried out to inform the devel-
opment of a prevention strategy against disability. To
establish evidence-based prevention strategies, it is critically
important to accumulate epidemiologic evidence, including
the incidence of disability, and identify its risk factors.
However, few studies have attempted to estimate the inci-
dence of the disability and its risk factors by using popula-
tion-based cohorts. In addition, to identify the incidence of
disability, a study should have a large number of subjects.
Further, to determine regional differences in epidemiologi-
cal indices, a survey of cohorts across Japan is required.

The Longitudinal Cohorts of Motor System Organ
(LOCOMO) study was initiated in 2008, through a grant
from Japan’s Ministry of Health, Labour and Welfare, for
the prevention of knee pain, back pain, bone fractures, and
subsequent disability. It aimed to integrate data gathered
from cohorts from 2000 onwards and follow-up surveys
from 2006 onwards, using a unified questionnaire, with an
ultimate goal being the prevention of musculoskeletal
diseases. The present study specifically aims at using
LOCOMO data, which is based on the long-term care
insurance system, to investigate the occurrence of disability
in order to clarify its incidence and risk factors, especially
in terms of body build and regional differences.

Materials and methods

Participants were residents of nine communities located in
Tokyo (two regions: Tokyo-1, principal investigators (PIs):
Shigeyuki Muraki, Toru Akune, Noriko Yoshimura, Kozo
Nakamura; Tokyo-2, PIs: Yoko Shimizu, Hideyo Yoshida,
Takao Suzuki), Wakayama [two regions: Wakayama-1
(mountainous region) and Wakayama-2 (coastal region),
PIs: Noriko Yoshimura, Munehito Yoshida], Hiroshima
(PL: Saeko Fujiwara), Niigata (PI: Go Omori), Mie (PI:
Akihiro Sudo), Akita (PI: Hideyo Yoshida), and Gunma
(PI: Yuji Nishiwaki) prefectures [5]. Figure 1 shows the
location of each cohort in Japan.

Disability in the present study was defined as ‘cases
requiring long-term care’, as determined by the long-term
care insurance system. The procedure for identifying these
cases is as follows: (1) each municipality establishes a long-
term care approval board consisting of clinical experts,
physicians, and specialists at the Division of Health and
Welfare in each municipal office; (2) The long-term care
approval board investigates the insured person by using an
interviewer-administered questionnaire consisting of 82
items regarding mental and physical conditions, and makes
a screening judgement based on the opinion of a regular
doctor; (3) ‘Cases requiring long-term care’ are determined
according to standards for long-term care certification that
are uniformly and objectively applied nationwide [6].

In order to identify the incidence of disability, data were
collected from participants aged 65 years and older within the
above-mentioned cohorts. In Japan, most individuals certified
as ‘cases requiring long-term care’ are 65 years and older.
Table 1 shows the number of subjects per region, as well as
the data obtained within the first year of the observation. The
smallest cohort consisted of 239 subjects, residing in Mie,
while the largest consisted of 1,758, who resided in Gunma.

The earliest baseline data were collected in 2000 in
Hiroshima, while the latest were obtained in 2008 in Tokyo-
2. The cohorts were subsequently followed until 2012. Data
regarding participants’ deaths, changes of residence, and
occurrence or non-occurrence of certified disability were
gathered annually from public health centres of the partic-
ipating municipalities. As an index of body build, baseline
data on participants’ height and weight were collected, and
used to calculate body mass index (BMI, kg/m?). Partici-
pants were classified as follows: normal or overweight
(BMI = 18.5-27.5), obese (BMI >27.5), or emaciated
(BMI <18.5). These cut-off points were determined
according to a WHO report [7]. From 2008 onwards, fol-
low-up data was obtained using the unified questionnaire.

All participants provided written informed consent, and
the study was conducted with the approval of the ethics
committees of the University of Tokyo (nos. 1264 and
1326), the Tokyo Metropolitan Institute of Gerontology
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Fig. 1 Location of nine regions from which the study cohorts were selected

Table 1 Number of subjects classified by regions of each cohort

Region Start year Total Men  Women
Tokyo-1 2005 1,332 461 871
Tokyo-2 2008 1,453 59 1,394
Wakayama-1 (Mountainous) 2005 610 239 371
Wakayama-2 (Coastal) 2006 357 129 228
Hiroshima 2000 1,341 351 990
Niigata 2007 805 343 462
Mie 2001 239 95 144
Akita 2006 559 223 336
Gunma 2005 1,758 805 953
Total 8,454 27705 5,749

(no. 5), Wakayama (no. 373), the Radiation Effects Research
Foundation (RP 03-89), Niigata University (no. 446), Mie
University (nos. 837 and 139), Keio University (no. 16-20),
and the National Center for Geriatrics and Gerontology (no.
249). Careful consideration was given to ensure the safety of
the participants during all of the study procedures.

Statistical analysis

All statistical analyses were performed using STATA
(STATA Corp., College Station, Texas, USA). Differences
in proportions were compared using the chi-squared test.
Differences in continuous variables were tested using an
analysis of variance (ANOVA) with Scheffe’s least signif-
icant difference test for post-hoc pairwise comparisons. To
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test the association between the occurrence of disability and
other variables, Cox’s proportional hazard regression ana-
lysis was used. Hazard ratios (HRs) were estimated using
the occurrence of disability as an objective variable (0: non-
occurrence, 1: occurrence) and the following explanatory
variables: age (1 year), gender (vs. female), body build (0O:
normal and overweight vs. 1: emaciation vs. 2: obesity), and
regional differences (0: rural areas, including Wakayama-1,
Wakayama-2, Niigata, Mie, Akita, and Gunma vs. 1: urban
areas, including Tokyo-1, Tokyo-2, and Hiroshima). All
p values and 95 % confidence intervals (CI) of two-sided
analyses are presented.

Results

Table 2 shows the number of participants classified by age
and gender. The majority of participants were 75-79 years
old; two-thirds of the participants were women.

Selected characteristics of the study population,
including age, height, weight, and BMI, are shown in
Table 3. The mean values of age, height, and weight were
significantly greater in women than in men (p < 0.001),
but BMI did not significantly differ between men and
women (p = 0.479).

The estimated incidence of disability is shown in Fig. 2.
In total, the incidence of disability among individuals aged
65 years and older was 3.58/100 person-years (p-y) (p-y;
men: 3.17/100 p-y; women: 3.78/100 p-y). The incidence
of disability was 0.83/100 p-y, 1.70/100 p-y, 3.00/100 p-y,
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Table 2 Number of subjects classified by age and gender

Age strata (years) Total (%) Men (%) Women (%)
65-69 1,390 (16.4) 555 (20.5) 835 (14.5)
70-74 1,704 (20.2) 668 (24.7) 1,036 (18.0)
75-79 2,923 (34.6) 812 (30.0) 2,111 (36.7)
80-84 1,810 (21.4) 463 (17.1) 1,347 (23.4)
>85 627 (7.4) 207 (7.7) 420 (7.3)
Total 8,454 (100.0) 2,705 (100.0) 5,749 (100.0)

Table 3 Baseline characteristics of subjects classified by age and
gender

Variables Men Women p (men vs.
women)
Age (years) 75.3 (6.4) 76.5 (6.0)  <0.001
Height (cm) 160.5 (6.5) 147.7 (6.1)  <0.001
Weight (kg) 58.7 (9.1) 49.8 (84) <0.001
BMI (kg/m?) 22.7 (2.9) 22.8 (3.5) 0.479
Living in rural area (%) 84.8 58.5 <0.001
Values are represented as mean (standard deviation)
BMI body mass index
Men Women

(/100 person-years) (/100 person-years)
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Fig. 2 Incidence of disability according to age and gender

6.36/100 p-y, and 13.54/100 p-y in 65-69-, 70-74-, 75-79-,
80-84-, and >85-year-old men, respectively. In women,
the incidence of disability was 0.71/100 p-y, 1.40/100 p-y,
3.25/100 p-y, 6.85/100 p-y, and 12.01/100 p-y in the age
ranges of 65-69, 70-74, 75-79, 80-84, and 85 or more
years, respectively (Table 4).

Cox’s proportional hazard regression analysis showed that
occurrence of disability was significantly influenced by age,
body build, and regional differences, but not gender (age,
+1 years: hazard ratio 1.13, 95 % confidence interval
1.12-1.15, p < 0.001; sex, vs. female: 1.13, 0.97-1.31,
p = 0.125; body build: emaciation: 1.24, 1.01-1.53, p =
0.041; body build; obesity: 1.36, 1.08—-1.71, p = 0.009; res-
idence, vs. living in rural areas: 1.59, 1.37-1.85, p < 0.001).

Discussion

Using the data of the LOCOMO study, we determined the
incidence of disability and identified age, emaciation,
obesity, and residence in rural areas as risk factors for the
occurrence of disability. More specifically, we integrated
data collected from subjects aged 65 and older in individual
cohorts established in nine regions across Japan to deter-
mine the incidence of disability in the specified regions.
We found an association between various risk factors and
disability; these include age, emaciation, and obesity, as
well as residence in rural areas.

The LOCOMO study was the first nation-wide pro-
spective study to track a large number of the subjects from
several population-based cohorts. The LOCOMO study
aimed to integrate information from these cohorts, to pre-
vent musculoskeletal diseases and subsequent disability.
The data shed light on the prevalence and characteristics of
targeted clinical symptoms such as knee pain or lumbar
pain, or defined diseases such as knee osteoarthritis (KOA),
lumbar spondylosis (LS), and osteoporosis (OP), as well as
their prognosis in reference to either mortality or chances
of developing a disability. In the present study, we also

Table 4 Hazard ratios (HRs) of potential risk factors for the occurrence and non-occurrence of disability

Disability (occurrence vs. non-occurrence)

Explanatory variable Reference HR 95 % confidence interval P

Age (years) +1 year 1.13 1.12-1.15 <0.001%#%%*

Gender 0: men, 1: women 1.13 0.97-1.31 0.125

Body build 0: 18.5 < BMI < 27.5, 1: BMI < 18.5 1.24 1.01-1.53 0.041%*
0: 18.5 < BMI < 27.5, 2: BMI >27.5 1.36 1.08-1.71 0.009%*

Type of residential area 0: urban area, 1: rural area 1.59 1.37-1.85 <0.001%#%**

BMI body mass index
*p <0.05, ¥ p <0.01, ** p < 0.001
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compared the above-mentioned symptoms, diseases, and
prognoses between regions.

The overall incidence of disability among individuals
aged 65 years and older was 3.58/100 person-years. When
results from the present study are applied to the total age-
sex distribution derived from the Japanese census in 2010
[1], it could be assumed that 1,110,000 people (410,000
men and 700,000 women) aged 65 years and older are
newly affected by disability and require support. It has
been reported that the total number of subjects who were
certified as needing care increases annually [4]; however,
few of these reports estimate the number of newly certified
cases through a population-based cohort. Clarifying the
incidence of disability and its risk factors was viewed as
the first step toward preventing its occurrence.

Emaciation and obesity were both identified as risk
factors for disability; thus, there appears to be a U-shaped
association between BMI and disability as well as between
BMI and mortality [8, 9]. According to the recent National
Livelihood Survey, the leading cause of disabilities that
require support and long-term care is cardiovascular dis-
ease (CVD), followed by dementia, senility, osteoarthrosis,
and fractures [4]. Obesity is an established risk factor for
chronic diseases, including hypertension, dyslipidemia, and
diabetes mellitus, which increase the risk for CVD [10]; in
turn, CVD causes ADL-related disabilities in older adults.
In addition, numerous reports have shown an association
between overweight or obesity and KOA [11-17]. In pre-
vious reports, we found a significant association between
BMI and not only the presence of KOA, but also the
occurrence and progression of KOA [18, 19]. In addition,
emaciation is an established risk factor for OP and OP-
related fractures [20]. OP might be related to low nutrition
due to chronic wasting diseases.

The current study also found an association between
living in a rural area and the occurrence of disability. There
have been reports of regional differences in the certification
rate of disability in Japan. For instance, Kobayashi reported
a prefectural difference in the certification rate of disabil-
ity, which was particularly prominent among individuals
aged 75 years and older at lower nursing care levels in the
long-term care insurance system [21]. In addition, Shi-
mizutani et al. [22] pointed out that the financial condition
of the insurer influenced the certification rate of disability.
Further, Nakamura found that the certification of lower
care levels was influenced by social and/or individual
factors, such as the type of service provider, the application
rate, and number of medical treatment recipients. However,
certification of advanced nursing care levels was influenced
by CVD and lifestyle-related diseases [23].

Other than differences in the social backgrounds of
individuals in each prefecture, we posited that regional
differences (rural or urban) in the occurrence of disability

@ Springer

might be due to differences in the frequency of diseases
and ailments that cause disability in each area. The prev-
alence of musculoskeletal diseases, such as KOA and LS,
differs among mountainous, coastal, and urban areas [24].
Evidence also exists for regional differences in the inci-
dence of hip fractures [25-27]. It was also found that
mortality and incidence of ischemic stroke, which is related
to CVD, was higher in the northeastern than in the south-
western part of Japan [28]. However, there is currently no
information on regional differences in dementia prevalence
and incidence in Japan. In general, differences in the fre-
quency of diseases causing disability might influence
regional differences in disability rates. In relation to this, in
a future study on follow-up data from the LOCOMO study,
it might be necessary to collect information on the preva-
lence and frequency of diseases that cause disability, such
as musculoskeletal diseases, CVD, and dementia. This
future study should also attempt to clarify mutual associ-
ations among risk factors for disability, so as to inform the
development of measures for its primary prevention.

Despite its contribution to existing knowledge, the present
study has several limitations. First, its sample does not truly
represent the entire Japanese population, because our cohorts
were not drawn from the northernmost and southernmost
parts of Japan (e.g., Okinawa prefecture or Hokkaido pre-
fecture). This limitation must be taken into consideration,
especially when determining the generalisability of the
results. However, the LOCOMO study is the first large-scale,
population-based prospective study with approximately
9,000 participants aged 65 years and older. Second, data
collected from the cohorts were not uniform, as certain
information was obtained from some participants, but not
others. For example, the X-ray examinations of subjects’
knees were performed in Tokyo-1, Wakayama-1, Wakay-
ama-2, Niigata, and Mie; lumbar spine X-ray examinations
were performed in Tokyo-1, Wakayama-1, Wakayama-2,
Hiroshima, and Mie. Therefore, we could not evaluate the
presence or absence of KOA, LS, or OP as a possible cause of
disability by using the data of the entire LOCOMO study.
Further investigation following the integration of information
on musculoskeletal disorders would enable us to evaluate all
the factors that are associated with disability.

Nevertheless, our study has several strengths. As men-
tioned above, the large sample size is the study’s biggest
strength. The second strength is that we collected data from
nine cohorts across Japan, which enabled us to compare
regional differences in the incidence of disability. In
addition, the variety of measures and assessments used in
this study enabled us to collect a substantial amount of
detailed information. However, given the fact that not all of
the measures were administered in all cohorts, regional
selection bias in the analysis should be considered when
interpreting the results.
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