J Bone Miner Metab (2014) 32:524-532

527

kilograms/(height in meters)’] was calculated on the basis
of the current height and weight. Hand grip strength was
measured using a Toei Light handgrip dynamometer (Toei
Light Co., Ltd., Saitama, Japan). Both hands were tested,
and the higher value was used to characterise the maximum
muscle strength of the subject. Walking speed was deter-

mined by recording the time taken by-a subject to walk a -

determined distance, such as 5 or 6 m, at his/her usual
speed. The ability to rise from a chair without using the
arms (chair stand) and the ability to performy'5 chair stands
was evaluated. The time required to complete the tasks was
recorded.

Medical information

Medical information was obtained by experienced medical
doctors in each cohort. All participants were questioned
about pain in both knees by asking the following questions:
‘Have you experienced right knee pain on most days (and
continuously on at least one day) in the past month, in
addition to the current pain?’ and ‘Have you experienced

cohort, radiographs were examined by a single, experienced
orthopaedic surgeon who was masked to the clinical status
of the participants. If at least one knee joint was graded as
KL2 or higher, the participant was diagnosed with radio-
graphic KOA. Similarly, if at least one intervertebral joint
of the lumbar spine was graded as KL.2 or higher, the par-
ticipant was diagnosed with radiographic LS.

BMD measurement

In the Wakayama-1, Wakayama-2, and Hiroshima cohorts,
BMD of the lumbar spine and proximal femur was mea-
sured using dual energy X-ray absorptiometry (DXA)
(Hologic Discovery; Hologic, Waltham, MA, USA) during
the baseline examination. ;

' OP was defined on the basis of the World Health Organi-
zation (WHO) criteria. Specifically, OP was diagnosed when
the BMD T scores were lower than the mean lumbar peak

- bone mass—2.5 SDs [11]. In Japan, themean BMD of the .2~

left knee pain on most days (and continuously on at least..

one day) in the past month, in addition to the current pain?’

Subjects who answered ‘yes’ were considered to have knee

pain. Lumbar pain was determined by askmg the following
question: ‘Have you experienced lumbar pain on most days
(and contmuously on at least one day) i m the past month, in
addition to the current pain?’- Subjects who answered yes
were considered to have lumbar pain.

- In some cohorts (Tokyo-1, Wakayama- 1 and Wakayama—
2), the participants completed the modified Mini-Mental
Status Examination-Japanese version [9] for evaluating cog-
nitive function. Physicians explained any unclear sections of
this questionnaire to the participants and assessed the cogni-
tive status on the basis of the completed questionnaire.

Radiography and radiographic assessment

In several,cohorts (Tokyo-l; Wakayama-1, Wakayama~2,
Hiroshima, Niigata, and Mie), the radiographic examina-
tion of knees and/or spine was performed to evaluate the
OA or fractures. Plain radlographs were obtained for both
knees in the antero- posterlor view with Welght-beanng and
foot map posmonmg and for the splne in the antero -pos-
ytenor and lateral views.

The seventy of OA was radlographlcally determmed
accordmg to the Kellgren—Lawrence (KL) grading system as
follows [10]: KLO, normal joint; KL1, slight osteophytes;
KL2, definite osteophytes; KL3, narrowing of joint carti-
lage, and large osteophytes; and KL4, bone sclerosis, nar-
rowing of joint cartilage, and large osteophytes In the

kLOCOMO study, Jomts exhibiting disc- space narrowing
alone and no large osteophytes were graded as KL.3. In each

L4 vertebrae among both young male and female adults has
been measured using Hologic DXA [12]. In the present study,
lumbar spine BMD < 0.714 g/cm® (for both men and
women) and femoral neck BMD < 0.546 g/cm2 (men) or
<0.515 ,g/cm2 (women) were considered to indicate OP.

Statistical analysis

All statistical analyses were performed using STATA sta-
tistical software (STATA Corp., College Station, TX,
USA). Differences in proportions were compared using the
Chi square test. Differences in continuous variables were
tested for s1gmﬁcance using analysis of variance for com-
parisons among multiple groups or Scheffe’s least signifi-
cant difference test for pairs of groups. To test the
association bétween the interaction between the knee pain
and lumbar pain, a logistic regression model was used.
First, the presence of knee pain was used as an objective
variable (0: labsen‘ce, 1: presence) and age (41 year),
gender (men vs. women), BMI (41 kg/m?), regional dif-
ferences (0: rural areas including Wakayama-1, Wakay-
ama-2, Niigata, Mie, Akita, and Gunma vs. 1: urban areas
including Tokyo-1, Tokyo-2, and Hiroshima), and lumbar

‘pain (0: no, 1: yes) were used as explanatory ‘variables.

" Then, lumbar pain was used as an objective variable, and

knee pain was used as an explanatory variable in the
identical model. All p values and 95 % confidence intervals
(CI) of two-sided analysis are presented.

Results

96

Table 2 shows the nufnbeif of paﬁicipénts classified by age

and gender. Most participants were aged >60 years, and
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Table 2 Numbers of participants in the LOCOMO study classified
by age and gender

Age strata (years) Total (%) Men (%) Women (%)
<39 125 (1.0) 49 (1.2) 76 (0.9)
40-49 483 (4.0) 183 (4.6) 300 (3.7)
50-59 963 (8.0) 320 (8.1) 643 (8.0)
60-69 3,170 (26.3) 1,161 (29.3) 2,009 (24.9)
70-79 5,041 (41.9) 1,573 (39.7) 3,468 (43.0)
80-89 2,111 (17.6) 627 (15.8) 1,484 (18.4)
>90 126 (1.1) 46 (1.2) 80 (1.0)
Total 12,019 (100.0) 3,959 (100.0) 8,060 (100.0)

99.0 % of the participants were aged >40 years. Two-
thirds of the participants were women, and their mean age
was 1 year greater than that of the male participants.
Selected characteristics of the study populations,
including age, height, weight, BMI, and proportions of
participants who smoked and consumed alcohol are shown
in Table 3. The participants were considered as smokers
and alcohol consumers if they answered ‘yes’ to the

Table 3 Baseline characteristics of participants in the LOCOMO
study classified by age and gender

question ‘Are you currently smoking/drinking?’ in the self-
administered questionnaire. The mean values of age and
BMI were significantly higher in women than in men
(p < 0.01). The proportions of both current smokers and
alcohol consumers were significantly higher among men
than among women (p < 0.001).

By analysing the data at the baseline examination, we

‘determined the prevalence of knee pain and lumbar pain.

Figure 3 shows the age-sex distribution of the prevalence
of knee pain and lumbar pain. Overall, the prevalence of
knee pain was 32.7 % (27.9 % in men and 35.1 % in
women) and that of lumbar pain was 37.7 % (34.2 % in
men and 39.4 % in women). The prevalence of pain in both
the knee and lumbar region were significantly higher in
women than in men (p < 0.001). On the basis of the total
age and sex distributions derived from the Japanese census
in 2010 [13], our results estimate that 18,000,000 people
(7,100,000 men and 10,900,000 women) aged >40 years
would be affected by knee pain and that 27,700,000 people
(12,100,000 men and 15,600,000 women) aged >40 years
would be affected by lumbar pain. '

Further, among 9,046 individuals who were surveyed on
both knee pain and lumbar pain at the baseline examination
in each cohort, the prevalence of both knee pain and
lumbar pain was 12.2 % (10.9 % in men and 12.8 % in
women). The prevalence of the coexistence of knee and

Variables Men - Women p Value (men
vs. women) lumbar pain in the participants aged <40, 4049, 50-59,
60-69, 7079, and >80 years was 4.0, 4.8, 7.4, 13.0, 13.3,
Age (years) 700106 710 103) - <0.001 and 11.7 %, respectively, (6.1, 5.3, 6.0, 10.0, 11.5, and
Height (cm) 161.1 (6.8) 148.5 (6.4) <0.001 13.2 %, respe¢tively, in men and 2.6, 4.6, 8.1, 14.8, 14.2,
Weight (kg) 393 93) 50.8 (8.6) <0.001 and 11.0 %, respectively, in women). The prevalence of
BMI (kg/m?) 22.8 (3.0) 23.0 (3.5) 0.007 both knee pain and lumbar pain increased with age in men,
Smoking (%) 34.0 4.8 <0.001 whereas that in women reached a plateau at 6069 and
Drinking (%) 2.4 21.1 <0.001 70-79 years and then declined. On the basis of the total age
Values are represented as mean (standard deviation) and sex distributions derived from the Japanese census in
BMI body mass index 2010 [13], our results estimate that 6,800,000 people
Fig. 3 Prevalence of knee pain Knee Pain Lumbar Pain

and lumbar pain according to
age and gender
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Table.f% Odds t‘z}tios (OR) Ofv Explanatory variables ~ Reference OR 95% confident interval P
potentially associated factors for :
;E;gz?;gff \?sf ]Zg(;:h?:rgfk in Knee pain (presence vs. absence)
' . ' Age (years) +1 year 1.045  1.039-1.051 <0,001 %%
Gender " 0:'men, 1: women 1.602  1.441-1.780 <0.00] e
Region 0: urban area, 1: rural area 2419  2.152-2.720 <0.00]##*
- BMI (kg/m?) 1 kgm® 1141 1.124-1.158 <0.00]
Lumbar pain 0: absence, 1: presence 1.373 1.243-1.515 <0.0017%#%
Lumbar pain (presence. vs. absence) ;
Age (years) +1 year 1.018 1.013-1.023 <0.00] %%
Gender 0: men, 1: women 1.130 1.023-1.248 0.016%
Region 0: urban area, 1: rural area 2.016 1.801-2.256 <0.0071 ###
BMT be dy mass index BMI (kg/m*) +1 kg/m? 1.020 I.QOSfl.Odl k 0.021* A
‘ : 0: absence, 1: presence 1.375 1.246-1.518 <0.007 ##:*

* p < 005, ¥ p < 0,001 Knee pain

(2,800,000 men and 4,000,000 women) aged >40 years
would be affected by both knee pain and lumbar 'pain '
To test the assocmtlon between the knee pain and
Jumbar pain, the presence of knee pain was ﬁlst used as an
objective variable (0: absence, 1: presence) and age
(+1 year), gender (men vs. women), BMI (+1 kg/m?),
regional differences (0: rural areas including Wakayama-1,
Wakayama-?., Niigata, Mie, Akita, ‘and Gunma vs. 1: urban
‘areas including Tokyo-1, ‘Tokyo-2, and ‘Hiroshima), and
lumbar pain (0: no, 1: yes) were used as explanatory
variables. Then, the presence of lumbar pain was used as an
objectxve variable (0: absence 1: presence) and age
(+1 year), gender (men vs. women), BMI (+1 kg/m)
reglonal dlfferences (0: rural areas mcludmg Wakayama 1,
Wakayama—z Nucata Mie, Akita, and Gunma vs. 1: urban
areas 1ncludmo Tokyo 1, Tokyo -2, and H1rosh1ma) and
‘knee pain (0: no, 1: yes) were used as explanatory vari-
ables. Table 4 shows the result of the loglstlc regression
'analysm ngher age, female sex, hloher BMI, llvmg in a
rural area, and the presence of lumbar pain 51gn1ﬁcant1y
influenced the presence of knee pain. Similarly, higher age,

female sex, higher-BMI, living in a rural area, and the -

presence of knee pain significantly influenced the presence
of lumbar pain.

Discussion

In the p1esent study, we integrated the mformatlon of

individual cohorts estabhshed for the prevention of mus-
culoskeletal diseases, ‘and created the nat10nw1de large-

the data of the LOCOMO study, we found that the preva- '
lence of knee pain was 32.7 % and that of lumbar pain was
37.7 %. Both knee pain and lumbar pain were prevalent in.

pain were age, sex, body build, and residential character-
istics. In addition, the presence of knee pain affected the
lumbar pain, and vice versa. This assoc1at10n remained
even after the adjustment for the above- mentloned associ-
ated factors. To our knowledge, ,lhlS,IS the first study to
report the frequency of the knee pain and lumbar pain and
to estimate the total number of prevalent subjects, by using
a large-scale population-based cohort study in Japan.
With regard to musculoskeletal pain, several population-
based epidemiological ‘studies have ' demonstrated - that
chronic pain is a highly prevalent condition. Soni et al. [14]
reported that the prevalence rates of self- reported knee pain
using the baseline data in 1,003 participants from the
Chingford Women’s Study were 22.97 % in the left knee
and 24.80 % in the right knee. The definition of the pre-
sence of the knee pain. (based on the following two_ques-
tions: ‘Have you had any knee pain in either knee in the
last month? and ‘How many days of pain have you
experienced in the last” month?’) was similar but not
identical to our definition used in the LOCOMO study, and
the subjects’ age was younger in the Chinford study than in
the LOCOMO study. Therefore, we could not compare the
prevalence between the Chinford and LOCOMO studies
directly. However, at a glance, the prevalence seems to be
higher in the Japanese population. This may be due to the
fact that the prevalence of KOA (KL grades >2) was
higher in the Japanese population than that in the Cauca-
sian population [15]. Verhaak et al. [16] reviewed epide-
miological studies on chronic benign pain among adults,

~ including subjects aged between 18 and 75 years, and
. reported that the prevalence ranged between 2 and 40 % of
~scale cohorts compnsmg the LOCOMO study By usmg

12.2 % of the total population. In the present study, we also ..

clarified that the factors associated with knee or lumbar

98

the population. Coggon et al. did not perform a population-
~ based study, but instead conducted a cross-sectional survey

comparing the prevalence of disabling low back pain and
disabling wrist/hand pain among groups of workers car-

_rying out similar physical activities in different cultural

environments in 18 countries including Japan. They
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reported that the 1-month prevalence of disabling low back
pain in nurses ranged from 9.6 to 42.6 %, and that of
disabling wrist/hand pain in office workers ranged from 2.2
to 31.6 % [17]. We could not compare our results to those
of Coggon’s results directly because of the difference in the
characteristics of the targeted population. However, pre-
vious reviews and reports demonstrated that the prevalence
of the chronic pain varied in the population surveyed, and
therefore, estimating the prevalence and number of patients
in pain would require a study that comprises various
regions with a large number of subjects. Our LOCOMO
study contains 12,019 participants from the cohorts con-
sisting of nine communities in different locations in Japan.
Therefore, we believe that our estimation of the prevalence
of -knee pain and lumbar pain is appropriate, and the
number of patients was sufficient. ‘

With regard to the  characteristics of subjects with
chronic pain, Soni et al. [14] reported that among subjects
who could be followed up for 12 years, a higher BMI was
predictive of persistent knee pain (odds ratio = 1.14) and
incident knee pain (odds ratio = 1.10). Verhaak et al. [16]
demonstrated that chronic pain generally increased with
age, with some studies reporting a peak prevalence between
the ages of 45 and 65 years. These results were not con-
sistent with our results. Moreover, we noted that living in a
rural area was associated with the presence of knee pain and
lumbar pain, which may be due to the difference of the
primary occupation in that area. Muraki et al. [18] reported
that the presence of KOA and LS was influenced by the
primary occupation of the participants. According to their
report, the prevalence of higher K/L grades of KOA and LS
was significantly higher among agricultural, forestry, and
fishery workers than among clerical workers and technical
experts [18]. For occupational activities, sitting on a chair
had a significant inverse association with K/L grades >2 for
KOA and LS, whereas standing, walking, climbing and
heavy lifting were associated with higher K/L grades for
KOA [18]. An association between occupational activities
and KOA was also observed in several studies [19-21].
Agricultural, forestry, and fishery workers seemed to be
more common in rural areas than in urban areas. In addition,
occupational activities, such as sitting on a chair, might be
observed more commonly in clerical workers than in agri-
cultural, forestry, and fishery workers. These findings might
support the regional differences of pain that were observed
in the present study. The main focus of the present study
was pain, and not OA; however, the most probable diag-
nosis underlying knee pain among older people was
reported to be OA [22].

There are also several reports regarding the coexistence of
pain. The above-mentioned Coggon’s investigation indi-
cated that the rates of disabling pain at 2 anatomical sites—
the lumbar spine and wrist/hand—covaried (r = 0.76) [17].
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In their cross-sectional study, Smith et al., examined the
presence and sites of chronic pain in 11,797 women. The
presence of chronic pain was noted in 38 % of women;
among them, the percentage of women experiencing chronic
painat 1, 2, 3, 4, and >5 sites was 23.2, 24.4, 20.0, 14.3, and
18.2 %, respectively [23]. These results showed that chronic
pain coexists at other anatomical sites. In the present study,
the prevalence of both knee pain and lumbar pain was 12.2 %
(10.9 % in men and 12.8 % in women) among the general
population. However, among the subjects with lumbar pain,
37.3 % also had knee pain (39.0 % in men and 36.6 % in
women). Unfortunately, in the LOCOMO study, we were
unable to collect the data regarding pain at anatomical sites
other than knee pain and. lumbar pain. Nevertheless, the
coexistence of pain was commonly noted, which is incon-
sistent with previous reports.

There were several limitations in the present study. First,
the current subjects do not truly represent the entire Japa-
nese population. We should carefully consider this limita-
tion, especially when determining the generalisability of
the results. However, the LOCOMO study is the first large-
scale population-based prospective study with more than
12,000 participants. Although it does not comprise the
whole population of Japan, the number of participants in
the cohorts established for the prevention of the musculo-
skeletal diseases appears to be biggest worldwide. Second,
all the items of our survey in the baseline examination were
not recorded in all cohorts. For example, radiographic
examination of knees was performed only in Tokyo-1,
Wakayama-1, Wakayama-2, Niigata, and Mie prefectures
and radiographic examination of the lumbar spine was
performed only in Tokyo-1, Wakayama-1, Wakayama-2,
Hiroshima, and Mie prefectures. Third, the radiographic
findings for OA assessment using KL scales have not been
integrated yet, because of the delay in the standardisation
of reading methods of the observers. Radiographs should
be assessed by a single observer to omit the inter-observer
variability, and if this is impossible, then the inter-observer
variability among observers should be tested using the
standardised criteria. Therefore, in the present study, we
could not evaluate the severity of knee/spinal OA or ver-
tebral fractures for assessing knee pain and lumbar pain.
After suitable evaluation of intra-observer and inter-
observer variability in the assessment of radiography
findings and integration of this information, we hope to re-
analyse the factors associated with the presence of chronic
pain. Moreover, not only OA and fractures, but also
rheumatoid arthritis and spondyloarthritis should be con-
sidered as parameters for assessing knee pain and lumbar
pain. Although collection of the information on the diag-
nosis may be difficult on a large scale due to the associated
cost, it may be possible to obtain this information in at least
two cohorts.
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In addition, our study has several strengths. First, as
mentioned above, the large number of the integrated sub-
jects included in the LOCOMO study is the biggest strength
of this study. Moreover, we collected data from nine cohorts
across Japan By using the data of the LOCOMO study, we
could compare the regional differences of specific clinical
symptoms such as knee pain ‘or lumbar pain, or pamcular
7d1seases such as KOA LS, or OP, as well as its prognosis,
such as the incidence of disability or mortality. In pamcular
we 1dent1ﬁed reglonal differences i in the prevq]ence‘; of knee
pain and lumbar pain. In addition, we collected a substantial
amount of information, via an interviewer-administered
questionnaire, dietary assessment, anthropometric mea-
surements, neuromuscular function assessment, biochemi-
cal measurements, medical history recording, radiographic
assessment, and BMD measurement. However, all items
were not recorded in all cohorts and the regional selection
bias in each exammatlon should be con31dered when
interpreting the results. ;

In summary, by using the data of the LOCOMO study,
we clarified the prevalence of knee pain and lumbar pain,
their coexistence, and their associated factors.
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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 Tegions),
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 (+1 year), gender (vs. women), body
build (0: normal/overweight range, BMI 18.5-27.5 kg/m?;
1: emaciation, BMI <18.5 kg/m% 2: obesity, BMI
>27.5 kg/mz), and regional differences (0: rural areas
including Wakayama, Niigata, Mie, Akita, and Gunma vs.
1: 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 Apml 2000 in adherence with the
Lono—Term Care Insumnce Act [2] The aim of the national
,Iong term care insurance system was to certify the level of
care needed by elderly adults and to provide su1table care
services to them accordmg 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
'needmg care serv1ces increases annually, havmg reached 5
million in 2011 [4].

Howeve1 few prospective, longltudmal 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 Longltudmal Cohorts of Motor System Organ
(LOCOMO) study was mmated 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.

@ Spfinger

Materials and methods'

Participants were residents of nine communities located in
Tokyo (two regions: Tokyo-1, principal investigators (Pls):

'~ Shigeyuki Muraki, Toru Akune, Noriko Yoshimura, Kozo

Nakamura; Tokyo-2; Pls: Yoko, Shimizu, Hideyo Yoshida,

Takao Suzuki), Wakayama [two regions: Wakayama—
(mountainous region) and Wakayama~2 (coastal region),
PIs: Noriko Yoshimura, Munehito Yoshida], Hiroshima
(PL:. Saeko. Fujiwara), Niigata (PI: Go..Omori), Mie (PL

* 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 mumclpal office; (2) The long term care
approval board mvestlgates ‘the insured person by using an
1nterv1ewe1 admlmstered quest10nna1re consxstmg of 82
1tems regardmU mental and phys1ca1 condmons 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—mentloned cohorts. In Japan, most individuals certified

~as ‘cases requiring long-term care’ are 65 years and older.
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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/mz).f‘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 quest1onna1re
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 2,705 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 (0:
normal and overweight vs. 1: emaciation vs. 2: obesity), and
regional differences (O: 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,

@ Springer
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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 (100,00 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 (8.4) <0.001
BMI (kg/m?) 22.7 (2.9) 22.8 (3.5) 0.479
Living in rural area (%) 84.8 585 <0.001

Values are represented as mean (standard deviation)
BMI body mass index.

Men : : : Women

(/100 person-years) (/100 person-years)
15 . 15 -

65 70 75 80 85+ 65 70 75 80 85+
Age [y] Age [y]

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

Fig. 2 Incidence of disability according to age and gender

Table 4 Hazard ratios (HRs) of potential risk factors for the occurrence

of developing a disability. In the present study, we also

and non-occurrence of disability

Disability (occurrence vs. non-occurrence)

Explanatory variable " Reference HR 95 % confidence interval p

Age (years) '+l year 1.13 1.12-1.15 <0.001***

Gender 0: men, 1: women 1.13 0.97-131.. . . 0.125

Body build : i 0:18.5'<BMI < 27.5, 1: BMI < 18.5 1.24 1.01-1.53 0.041%*
B : © 7 0:18.5 < BMI < 27.5, 2: BMI >27.5 136 1.08-1.71- : 0.009%**

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

BMI body mass index o
% 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 app:eyars to be ay,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
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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.

@ Springer
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Abstract

Summary The present cross-sectional study 1nvest1gated the
prevalence of sarcopenia and clarified its associated factors in
1,000 elderly participants of Japanese population-based
cohorts. Exercise habit in middle age was associated with
low prevalence of sarcopenia in older age, suggesting that it
is a protective factor against sarcopenia in older age.
Introduction The present study investigated the prevalence of
sarcopenia using the European Working Group on Sarcopenia
in Older People (EWGSOP) definition, and clarified the
association of sarcopenia with physical performance in the
elderly participants of Japanese population-based cohorts of
the Research on Osteoarthritis/osteoporosis Against Disability
(ROAD) study.

Methods We enrolled 1,000 pamcxpants (aged >65 years)
from the second visit of the ROAD study who had completed
assessment of handgrip strength, gait speed, and skeletal
muscle mass measured by bioimpedance analysis. Presence
of sarcopenia was determined according to the EWGSOP
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algorithm. Information collected included exercise habits in
middle age.

Results Prevalence of sarcopenia was 13.8 % in men and
12.4 % in women, and tended to be significantly higher
according to increasing age in both sexes. Factors associated
with sarcopenia, as determined by logistic regression
analysis, were chair stand time (odds ratio [OR], 1.09; 95 %
confidence interval [CI], 1.04-1.14), one-leg standing time
(OR, 0.97; 95 % CI, 0.96-0.99), and exercise habit in middle
age (OR, 0.53; 95 % CI, 0.31-0.90). Exercise habit in middle
age was associated with low prevalence of sarcopenia in older
age. Furthermore, linear regression analysis revealed that
exercise habits in middle age were significantly associated
with grip st:ength (P <.001), gait speed (P<.001), and one-
leg standing time (P=.005) in older age. '
Conclusions This cross-sectional study suggests that exercise
habit in middle age is a protective factor against sarcopenia in
older age and effective in maintaining muscle strength and
physical performance in older age.

Keywords Elderly - Epidemiology - Exercise - Physical
performance - Sarcopenia

Intreduction

Sarcopenia is characterized by generalized loss of skeletal
muscle mass and muscle strength and/or function in the
elderly, causing multiple adverse health outcomes, including
physical disability, poor quality of life, and death [1-6].
Although cross-sectional studies have investigated prevalence
of sarcopenia [7-13], epidemiologic evidence using
population-based samples is insufficient despite the urgent
need for strategies to prevent and treat this condition.

Japan is a super-aged society, and the proportion of the
aged population is increasing. The percentage of individuals
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aged >65 years was 23 % in 2010 and is expected to reach
30.1 % in 2024 and 39 % in 2051 [14]. The government of
Japan reported that musculoskeletal disorders were present in
22.9 % of the entire population of those who were certified as
requiring assistance or long-term care elderly in 2010 and
were ranked first among its causes, together with joint
diseases, falls, fractures, and spinal cord disorders [15]. For
preventing and treating musculoskeletal disorders, there is an
urgent need to develop and establish a prevention strategy and
treatment programs that are effective in reducing the risk of
disability among the elderly, which leads to requirement of
assistance or long-term care. Although sarcopenia is a
common musculoskeletal disease in the elderly, it is not
clearly categorized [15]. There appears to be insufficient
recognition of sarcopenia in daily clinical practice and society,
leading to the disease being undiagnosed and untreated. One
of'the reasons may be the lack of a broadly accepted definition
of sarcopenia until the European Working Group on
Sarcopenia in Older People (EWGSOP) developed a practical
clinical deﬁnmon and consensus diagnostic criteria for this
,dlsease in 2010 [4]. There is a growing consensus that
sarcopenia should not be defined merely on the basis of
muscle mass but also with regard to muscle strength and
function [4]. However, few ep1demlolog1c studies have been
based on the EWGSOP definition of sarcopema using
populatron—based samples and no epldemrologrc s‘cudy has
mvestlgated the relationship between exercise habrts in middle
age and sarcopenia in older’ age

The Research on Osteoarthritis/osteoporosis Against
Dlsabrlrty (ROAD,) study is a prospective cohort study aimed
at elucidating the environmental and genetic background of
~musculoskeletal dlseases [16 17] The present study
’1nvestrgated the prevalence of sarcopenla using the EWGSOP
definition, and clarified the association of sarcopenia with
exercise "habits in middle age and phj{Sic'al performance in
the elderly participants of Japanese population-based cohorts
of the ROAD study.

Methods
Participants

From 2005—2007 we began a large—seale populatron-based
‘cohort study entitled Research on Osteoarﬂmtrs/osteoporos1s
"Agarnst Drsabrhty consisting of 3,040 partrcrpants in three
regions (baseline study) [16, 17] The ROAD study is a
prospeetlve cohort study Wrth the aim of elu01dat1ng the
‘ environmental and genetic baekgrounds of musculoskeletal
‘ dlseases It is desrgned to examine the extent to whlch risk
factors for these diseases are related to clinical features of the
'dlseases laboratory and radrographrc findings, bone ‘mass,
bone geometry, lifestyle, nutritional factors, anthropornetrrc

:@ Springer

and neuromuscular measures, and fall propensity: It also aims
to determine how these diseases affect activities of daily living
and quality of life of Japanese men and women. The subjects
were residents of any one of three communities: an urban

‘region ‘in Itabashi, Tokyo; a ‘mountainous region in

Hidakagawa, Wakayama; and a coastal region in Taiji,
Wakayama. The inclusion criteria were as follows: ability to
(1) walk to the clinic where the survey was performed, (2)
provide self-reported data, and (3) -understand and: sign an
informed consent form. Participants from the urban region were
aged =60 years and were recruited from those enrolled in a
randomly selected cohort study from the previously established
Itabashi Ward residential registration database [18]. Invitation
letters were distributed only to inhabitants whose names were
listed on this'database. Participants from Hidakagawa and Taiji
were aged >40 years and were recruited from residential
registration listings. Residents aged <60 years from Itabashi
and <40 years from Hidakagawa and Taiji who were interested
in participating in the study were also invited. A total of 99.8,
84.3, and 54.7 % of the participants were aged >60 years in
Itabashi, Hidakagawa, and Taiji, respectively. The response
rates in the groups aged >60 years were 75.6 % in Itabashi,
68.4 % in Hidakagawa, and 29.3 % in Taiji. Two-thirds of the 3,
040 participants in the baseline survey were women, and their
mean age was 1 year less than that of the male participants. No
significant difference was observed in body mass mdex (BMI)
between the sexes.

After the baseline study, a second survey was performed in

‘,the same commum‘ues from 2008 to 2010, in which 2 ,674

110

inhabitants (892 men, 1,782 women) aged 21-97 years
participated (second visit) [19]. Invitation letters were
distributed to the mhabltants whose names were listed on the

ybasehne database of the ROAD study In addition to the

former partrcrpants mhabrtants aged >60 years from Itabashi
and those aged >40 years from Hrdakagawa and Taiji who
were willing to participate in the ROAD survey performed n
2008-2010 were also included in the second visit. In addition,
residents aged <60 years from Itabashi and <40 years from
Hidakagawa and Taiji who were interested in participating in
the study were invited to be examined as well at the baseline.
The inclusion criteria were as follows: ability to (1) walk to the
clinic where the survey was performed, (2) provide self-
reported data, and (3) understand and sign an informed
consent form. No other exclusion criteria were used. Thus,
2,674 residents (892 men and 1,782 women) aged 21-97 years
participated in the second visit. Of the 2,674 participants, 1,
846 individuals aged >65 years visited the clinic and
underwent an examination at the survey site located in
Hldakagawa (504 mdrvrduals), Taiji (391 individuals), the
University of Tokyo Hospital (132 individuals), or Tokyo
Metropolitan Geriatric Hospital (819 individuals). For
participants from Itabashi, the survey site was randomly
assigned to either the University of Tokyo Hospital or Tokyo
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Metropolitan Geriatric Hospital. Since gait speed was not
measured at Tokyo Metropolitan Geriatric Hospital, 819
individuals who visited this hospital were removed from the
present study. Of 1,846 participants, the remaining 1,019
individuals aged >65 years who visited the survey site located
in Hidakagawa, Taiji, or at the University of Tokyo Hospital
and underwent an examination including gait speed assessment
were recruited for the present study. Of the 1,019 individuals,
19 were removed because 1 did not undergo handgrip strength
measurement and 18 did not undergo skeletal muscle mass
measurement. For the present study, we enrolled 1,000
participants (349 men and 651 women aged >65 years) from
the second visit who completed assessment of handgrip
strength, gait speed, and skeletal muscle mass. The mean age
of the participants was 75.7 (SD, 5.9) years in men and 74.4
(SD, 6.1) years in women. All participants provided written
informed consent, and the study was conducted with approval
from the Ethics Committee of the University of Tokyo.

Participants completed an interviewer-administered
questionnaire comprising 400 items regarding lifestyle
information such as smoking habits, alcohol consumption,
and physical activity. An interviewer asked the following
question regarding past physical activity: “During the time
you were aged 25-50 years, did you ever practice sports or
physical exercise sufficient to produce sweating or shortness of
breath?” Possible responses were as follows: never,
occasionally, <2 hours per week, and >2 hours per week. Those
who answered “occasionally, <2 hours per week, or >2 hours
per week” were defined as having exercise habits in middle
age. The following question was asked regarding current
physical activity: “Do you practice walking more than
30 minutes every day?” Those who answered “yes” were
defined as having a current walking habit.

Anthropometric and physical performance measurements

Anthropometric measurements, including height and weight,
were obtained, and body mass index (weight [kgl/height
[m?]) was estimated based on the measured height and
weight. Grip strength was measured on the right and left sides
using a TOEI LIGHT handgrip dynamometer (TOEI LIGHT
CO. LTD, Saitama, Japan), and the highest measurement was
used to characterize maximum muscle strength. Subjects
were defined as having low grip strength if grip strength
was <30 kg in men and <20 kg in women, as reported by
Lauretani and colleagues [20]. ,

Skeletal muscle mass was measured by bioimpedance
analysis [21-25] using the Body Composition Analyzer MC-
190 (Tanita Corp., Tokyo, Japan). The protocol was described
by Tanimoto and colleagues [10, 12], and the method has been
validated [26]. Appendicular skeletal muscle mass (ASM) was
derived as the sum of the muscle mass of the arms and the legs.
Absolute ASM was converted to an appendicular muscle mass

111

index (SMI) by dividing by height in meters squared (kg/m?).
Subjects were defined as having low skeletal muscle mass if
the SMI was <2 SDs of the young adult mean. We used an
SMI of <7.0 kg/m? in men and <5.8 kg/m” in women as cut-
off points for low skeletal muscle mass based on the reference
data of SMI measured by the MC-190 in 1,719 healthy young
Japanese volunteers aged 18-39 years [10].

To measure physical performance, the time taken to walk
6 m at normal walking speed in a hallway was recorded, and
usual gait speed was calculated. Subjects were defined as
having low gait speed if usual gait speed was <0.8 m/s. The
time taken for five consecutive chair rises without the use of
hands was also recorded. Timing began with the command
“Go” and ended when the buttocks contacted the chair on the
fifth landing. One-leg standing time with eyes open was
measured on both sides, and the best measurement was used.
Participants were asked to stand on one leg while continuing
to elevate their contralateral limb. Timing commenced when
the participant assumed the correct posture and ended when
any body part touched a supporting surface.

Statistical analysis

All statistical analyses were performed using STATA
statistical software (STATA, College Station, TX). Differences
in the values of the parameters between two groups were
tested for significance using the nonpaired Student’s ¢ test
and chi-square test. Trends in values were tested using the
Jonckheere-Terpstra trend test. Factors associated with
sarcopenia were determined using multivariate logistic
regression analysis with sarcopenia as the dependent variable;
the odds ratio (OR) and 95 % confidence interval were
determined after adjusting for age, sex, and BMI. Factors
associated with exercise habits in middle age were determined
using multivariate linear regression analysis with exercise
habits in middle age as the independent variable; the
regression coefficient and 95 % CI were determined after
adjusting for age, sex, and BMI.

Results

Table 1 shows the characteristics of the participants according
to EWGSOP sarcopenia status. Age was significantly greater,
while BMI, ASM, and SMI were significantly lesser in those
with sarcopenia than in those without sarcopenia in both men
and women. In physical performance, chair stand time was
significantly greater and one-leg standing time was
significantly lesser in those with sarcopenia than in those
without sarcopenia in both men and women. The percentage
of individuals with exercise habits in middle age was
significantly lower in those with sarcopenia than in those
without sarcopenia in both men and women.
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Table 1 Characteristics of

Women

participants according to Men
EWGSOP sarcopenia status . T } : ;
No sarcopenia Sarcopenia No sarcopenia Sarcopenia
No. of subjects 301 48 570 81
Age, years 75.1(5.8) - 79.9 (5.2)* 73.5(5.6) 80.8 (5.8)*
Height, cm- 161.9 (6.0) 158.5.(5.8)* 148.9 (6.4) 145.6 (6.6)*
Weight, kg 61.2(9.5) 52.9 (6.5)* 524 (84) 42.6 (6.3)*
Excent h indicat d' BMI, kg/m®* 23.3(3.0) 21.0(2.0)* 23:6 (33) 20.0 (2.3)*
xcept where indicated - . , s o
otherwise, values are mean (SD) ASM’ kg N 19,‘8,(,3’0) 16‘0 (1.7 13‘8 (1‘,8? 11'4,0'2)*
ASM appendicular skeletal SMI, kg/m 7.54 (0.90) 6.36 (0.47) 6.22 (0.6§) 5.35(0.30)*
muscle mass, BMI b()dy mass Grip strength, kg 36.9 (6.8) 28.0 (4.0)* 23.9 (4.6) 16.8 (3.4)*
index, EWGSOP European  Usual gait speed, m/s 1.11 (0.25) 0.85 (0.27)* 1.06 (0.28) 0.82 (0.22)*
Working Group on Sarcopenia in i+ stand t 6 : : " 5 1 9y
Older People, JOR interquartile Chair stand tn;ne, s‘ 9.6(3.7) ’1].9 (4.2) , 9.9 (4. )‘ 3.4 (5. ) .
range, SMI skeletal muscle mass One-leg stapdmg time, 31.0(10.0-60.0) 8.0 (4.0-16.0) 26.0 (8.0-60.0) 11.0 (5.Q~23.0)
index median (IQR), s : ! : :
: ing; Y . ‘ . 2. 6.2
*#P<.001 vs. no sarcopenia in the Smoking, % - o 156 16.7 3
same sex group by unpaired Alcohol consumption, % 58.8 45.8 14.7 18.8
Student’s ¢ test; T£<.01 vs. no Current walking habits, % 56.5 45.0 55.1 56.5
sarcopenia in the same sex group . Exercise habits in middle age, % 69.9 4621 433 26.17

by chi-square test

Figure 1 shows sex- and age-wise distributions of prevalence
of sarcopenia'(Fig la), low SMI (Fig. 1b), low grip strength
(Fig Ic), and low gait speed (Fig. 1d). The total prevalence of
sarcopenia was 13.8 % in men and 12.4 % in women. Prevalence
of sarcopenia (number of cases/subjects) in the age strata of 65—
69, 70-74, 75-79, 80-84, and >85 years was 1.6 % (1/63), 5.7 %
(5/88), 17.8 % (19/107), 23.2 % (16/69), and 31.8 % (7/22) in
men and 0. 6% (1/163), 5.5 % (10/182), 13.8 % (22/160), 22.9 %
(25/ 109), and 62.2 % (23/37) in women. Prevalence of sarcopenia
tended to be significantly higher accordmg to increasing age
(P<.001 for trend) in both men and women. Prevalence of low
grip streng’th and Jow galt speed also tended to be significantly
higher accordmg to increasing age (P<. 001 for trend) in both
men and women. However, the mcreasmg tendency of
prevalence of low SMI (P <.001 for trend) was milder compared
with that of sarcopenia, low grip strength and low gait speed.
Then, we determined the factors associated with sarcopenia
by logistic regression analysis; the upper part of Table 2 shows
the results using sarcopenia as the dependent variable. In the
overall population, age (OR, 1.20; 95 % CI, 1.15~1.24) and
BMI (OR, 0.68; 95 % CI, 0.63-0.75) were significantly
associated with sarcopenia, whereas sex was not. In physical
performance chair stand time (OR, 1.09; 95 % CI, 1.04-1.14)
and one-leg standmg time (OR, 0.94; 95 % CI 0.96-0.99) were
" s1gn1ﬁcant1y associated with sarcopenia in the overall
‘ populatlon aﬁer adjusting for age, sex, and BMI. Current
walking habit (OR 0.69; 95 % CI, 0.42-1. 12) was not
‘51gn1ﬁcantly ‘associated with sarcopema However, exercise
habit in middle age (OR 0.53; 95 % CI, 0.31-0. 90) was
associated with sarcopenia in the overall populatlon after
adjusting for age, sex, and BMI, indicating that exercise habit

@ Springer

in middle age was significantly associated with low prevalence
of sarcopenia in older age. The 51gn1ﬁcance of the association
did not change when current walking habit was added as an
explanatory variable in this logistic regression model (OR, 0.53;

95 % CI, 0.32-0.90). In addition, we mvestlgated the
association of each category—occasionally, <2 h per week,

and >2 h per week—with sarcopenia using “never” as a
refelence in addition to the association of the presence of
exercise habits in middle age with sarcopenia. The associated
OR:s for the three categones were comparable, but they did not
reach significance level (occasionally: OR, 0.63; 95 % CI, 0.34—
1.17; <2 h per week: OR, 0.30; 95 % CI, 0.09-1. 01, 22 h per
week: OR, 0.49; 95 % CI, 0.22-1.09). '

The lower part of Table 2 shows the results of linear
regression analysis using SMI, gnp strength, gait speed, chair
stand time, or one-leg standing time as the dependent variable
and exer01se habit in middle age as the independent variable.
Exercise habit i in middle age was significantly associated with
grip strength in older age (P< 001), gait speed in older age
(P<.001), and one-leg standing time in older age (P=.005)

' after adjusting for age, sex, and BMI in the overall population.
~ We conducted the same analyses in men and women separately

(Tables 3 and 4) and found results similar to those in the overall
population. Some sex differences were observed in the present
results. Exercise habit in middle age was significantly
assoc1ated with grip strength and gait speed in older age in both
men and women, whereas it was significantly associated with

, chair stand time and one-leg standing time only in men;
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however, the sample size of men was smaller than that of
women. In the overall populatlon, exercise habit i n middle
age was not associated with chair stand time.
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Discussion

The present study investigated the prevalence of sarcopenia
using the EWGSOP definition in the elderly participants of
Japanese population-based cohorts. We determined that age
was positively associated with sarcopenia and that BMI was
inversely associated, but sex was not. Exercise habit in middle
age was associated with increased muscle strength and

physical performance and low prevalence of sarcopenia in
older age. To the best of our knowledge, this is the first study
to show the relationship between exercise habits in middle age
and sarcopenia in older age in the elderly participants of
population-based cohorts. :

Previous studies have reported the prevalence of
sarcopenia and its associated factors. For example, Tanimoto
and colleagues reported the prevalence of sarcopenia in

Table 2 Factors associated with

sarcopenia and exercise habits in Factors associated with sarcopenia Odds ratio 95 % ClL P value
middle age in the overall Age (+1 year) 1.20 1.15-1.24 <.001
population Sex (women vs. men) 0.98 0.63-1.53 9

BMI (+1 kg/m?) 0.68 0.63-0.75 <001
BMI body mass index, CI Chair stand time (+1 s) 1.09* 1.04-1.14 .001
Conﬁ?ence m_tefi"al, SMI skeletal (e jeg standing time (+1 s) 097 0.96-0.99 <.001

ass index
ngze mt 5 ) Zs vl Smoking (yes vs. n0) 1.86° 086402 1
s ratio an o .
were calculated by logistic Alcohol consumption (yes vs. no) 1.00* 0.60-1.67 9
regression analysis after Current walking habits (yes vs. no) 0.69* 0.42-1.12 1
adjusting for age, sex, and BMI Exercise habits in middle age (yes vs. no) 0.53% 0.31-0.90 .01
® Regression coefficient and Factors associated with exercise habits in middle age ~ Regression coefficient 95 % CI P value
95 % CI were calculated by linear SMI 0.09° —0.02-0.19 1
regression analysis after ) e ) : ’
adjusting for age and sex Grip strength 1.73 1.02-2.44 <.001
°Regression coefficient and Gait speed 0.07° 0.04-0.10 <.001
95 % CI were calculated by linear Chair stand time -0.47° —1.02-0.09 .09
regression analysis after One-leg standing time 4.14° 1.26-7.02 .005
adjusting for age, sex, and BMI
@_ Springer
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Table 3 Factors associated with sarcopenia and exercise habits in middle age in men

Facto&pssociated with sarcopenia Odds ratio ‘ 95%Cl ’ ' P value
Chair stand time (+1 s) 1.09° 1.01-1.18 .03
One-leg standing time (+1 s) 0.97° 0.95-0.99 001
Smoking (yes vs. no) 1.49° 0.59-3.75 4
Alcohol c.onsm’npuon (yes vs. no) 0.78" 0.40-1.53 4
Current walking habits (ye; , 0. 60“ 028-127 o
Exercme habits in middle age (yes vs, no) 048 ) ; 0.22-1.03 S 06
Factors associated with exercise habits in middle age Regression coeﬂxcxem i 95 % C1 : © 0 Pvalue
SMI 0.16" ~0.06 t0 0.38 A
Grip strength 3.17° 1.70 to 4.65 <.001
Gait speed 0.10° 0.04 t0 0.15 .001
Chair stand time ~1.12° ~1.95 to —0.28 .009
One-leg standing time - 781° 2.57 to 13.05 .004

CI confidence interval, SMI skeletal muscle mass index

?Odds ratio and 95 % CI were calculated by logistic regression ana]ysxs after adjusting for age and BM1

Regressmn coefficient and 95 % CI were calculated by linear regression analysis after adjusting for age

® Regression coefficient and 95 % CI were calculated by linear regression analysis after adjusting for age and BMI

Japahése cbinmuﬁity—dwélling elderly individuals based on

the EWGSOP definition using bioimpedance analysis (MC-
190) [12]. They reported a prevalence of 11.3 % in men and
10.7 % in women [12], which is similar to our results.
Although the cut-off value for low SMI was the same in these
two studies, the cut-off value used for handgrip strength was
different; we used cutoff values of <30 kg in men and <20 kg
in women, in accordance with Lauretani and colleagues [20],
while they used values of <30.3 kg in men and <19.3 kg in
women, based on the lowest quartile of handgrip strength in

their study population [12]. In the population of the present
study, the lowest quartile of grip strength was 30.5 kg in men
and 20.0 kg in women. Considering that these two studies
showed similar results, cut-off values of 30 kg in men and
20 kg in women for handgrip strength [20] also may be
appropriate for the practical case definition of the EWGSOP
algorithm in the Japanese population.

Patel and colleagues reported the prevalence of sarcopenia
in Caucasians using the EWGSOP definition, in which low

- muscle mass is defined as the lowest tertile of lean or fat-free

Table 4 Factors associated with sarcopenia and exercise habits in middle age in women

Factors associated with sarcopenia ‘ Odds ratio 95 % CI : P value

Chair stand time (+1 s)

Oné—leg standing time (+1 s)

Smoking (yes vs. o)

Alcohol consumption (yes vs. no)

Current walking habits (yes vs. no)

Exercise habits in middle age (yes vs. no)

Factors associated with exercise habits in middle age

SMI

Grip strength

Gait speed

Chair stand time
One-leg standing time

1.08 1.02-1.15 S0t
0.98 0.96-1.00 .01
244 0.61-9.72 2
1.26° 0.58-2.71 5
0.75° 0.39-1.44 3
0.55° 027-1.13 |
Regression coefficient o 95 % CI : P value
0.06° ' ~0.05t00.17 - 2
1.03¢ 02910 1.78 007
0.06° 001t0010 01
—0.12¢ 08310060 7
2.19° -1.24 10 5.62

CI confidence interval, SMI skeletal muscle mass index

#Qdds ratio'and 95 % CI were calculated by logistic regression analysis after adjusting for age and BML -

> Regression coefficient and 95 % CI were calculated by linear regression analysis after adjusting for age

®Regression coefficient and 95 % CI were calculated by linear regression analysis after adjusting for age and BMI
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mass [11]. They recommended use of the lowest tertile of
muscle mass as a cut-off value if the reference value of muscle
mass in a young healthy population is unavailable. In the
population of the present study, the lowest tertile of SMI
was 6.92 kg/m* in men and 5.80 kg/m® in women, which is
similar to the cut-off value of <2 SDs of the young adult mean
(7.0 kg/m? in men and 5.8 kg/m? in women) [10]. For
evaluating low muscle mass, use of the lowest tertile may be
an appropriate alternative method if the reference value of a
young healthy population is unavailable.

The present study showed an association between
sarcopenia and physical performance, including chair stand
time and one-leg standing time, which is consistent with
results of previous reports using the EWGSOP definition
[11, 13]. However, these were comparisons between
sarcopenia and current status of physical performance or
exercise habit. Therefore, causal association was unclear
whether sarcopenia was caused by decreased physical
performance or activity or whether low physical performance
or activity was due to sarcopenia. We also revealed that
exercise habit in middle age was associated with increased
muscle strength and physical performance and low prevalence
of sarcopenia in older age. These results suggest that exercise
habit in middle age is a protective factor against sarcopenia in
older age and effective in maintaining muscle strength and
physical performance in older age.

Some sex differences were observed in the present results
Exercise habit in middle age was significantly associated
with grip strength and gait speed in older age in both men
and women, whereas it was significantly associated with
chair stand time and one-leg standing time only in men;
however, the sample size of men was smaller than that of
women. In the overall population, exercise habit in middle
age was not associated with chair stand time; this finding
may have been influenced by the fact that the sample size of
women was almost twice that of men. The present results
suggest that the impact of exercise habit in middle age on
physical ability in older age is greater in men than in
wormen. g

Since exercise is a modifiable factor, it is a promising
finding that exercise habit may be effective in preventing
sarcopenia. In the present study, exercise habit was defined
as physical activity in the period when the individual was aged
25-50 years, in which subjects practiced sports or physical
exercise sufficient to produce sweating or shortness of
breath, occasionally or more frequently. Although exercise
habit was associated with low prevalence of sarcopenia at the
age of =65 years, some details remain unclear, including
exercise type, intensity, time, and other factors appropriate
for prevention of sarcopenia. In addition to the association of
the presence of exercise habit in middle age with sarcopenia,
we further investigated the association of each category—
occasionally, <2 h per week, and >2 h per week—with
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sarcopenia using “never” as a reference. Among the three
categories, the analysis could not determine the best
frequency and amount of exercise for protection from
sarcopenia. The associated ORs for the three categories were
comparable, and no dose—response tendency was seen in the
relationship between frequency and amount of exercise and
prevalence of sarcopenia; the associations also did not reach
significance level. The present results suggest that abstaining
from exercise during middle age is a risk factor for sarcopenia
in older age. Furthermore, the presence of exercise habit in
middle age might be much more important than the frequency
and amount of exercise. Further studies are necessary to
develop intervention programs and to test their effectiveness,
along with accumulation of epldemlologlc evidence including
longitudinal studies.

The present study has several limitations. First, since this
was a cross-sectional design, a causal relationship could not be
determined. Second, information regarding exercise habits in
middle age was obtained by self-report, and there is a
possibility of recall bias. Third, the present study included
participants who could walk to the survey site and could
understand and sign an-informed consent form. Since those
who did not meet these inclusion criteria were not included in
the analyses, the study participants do not truly represent the
general population because of health bias. This should be
considered when generalizing the results of the present study.
Fourth, the results may have been affected by the
characteristics of the population, including age and BMI. In
the present study, age was positively associated with
sarcopenia, whereas BMI was inversely associated with
sarcopenia. Therefore, care should be taken when
extrapolating the data to other populations with different
characteristics, including age and BMI, which may confound
the results.

In conclusion, the present study revealed prevalence of
sarcopenia in the elderly participants of Japanese population-
based cohorts. Exercise habit in middle age was associated
with increased muscle strength and physical performance and
low prevalence of sarcopenia in older age. These results
suggest that exercise habit in middle age is a protective factor
against sarcopenia in older age and is effective in maintaining
muscle strength and physical performance in older age.
Further long-term longitudinal epidemiological studies are
necessary to develop effective intervention programs for the
prevention and treatment of sarcopenia.
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