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Aim: To examine the incidence of certified need of care in the national long-term care insurance (LTCI) system, and
to determine its risk factors in the elderly of Japanese population-based cohorts of the Research on Osteoarthritis/
Osteoporosis Against Disability (ROAD) study. '

Methods: Of the 3040 participants in the baseline examination of the ROAD study, we enrolled 1773 (699 men,
1074 women) aged 65 years or older who were not certified as in need of care level elderly at baseline. Participants
were followed for incident certification of need of care in the LTCI system. Associated factors in the baseline
examination with occurrence were determined by multivariate Cox proportional hazards regression analysis. Muscle
dysfunction was defined in accordance with the European Working Group on Sarcopenia in Older People algorithm
for screening sarcopenia.

Results: A total of 54 men and 115 women were certified as in need of care level elderly during the average 4.0-year
follow up. The incidence was 2.0 and 2.5 per 100 person-years in men and women, respectively. Identified risk factors
were region, age, body mass index <18.5 or 227.5 kg/m?, grip strength, knee extension torque, usual gait speed, chair
stand time and muscle dysfunction. ' '

Conclusions: Both underweight and obesity, as well as low muscle strength and physical ability, are risk factors for
certification of need of care. Considering muscle dysfunction is a risk factor for occurrence, screened individuals are
recommended to receive early intervention programs regardless of muscle volume. Geriatr Gerontol Int 2014; 14:
695-701.

Keywords: activities of daily living, certification of need of care (youkaigo-nintei), disability, long-term care insurance
system, prospective cohort study.

Introduction is expected to reach 30.1% in 2024 and 39% in 2051.

, This leads to an increasing proportion of disabled
Japan is a super-aged society experiencing an unprec- elderly requiring support or long-term care, imposing
edented aging of the population. The proportion of the enormous economic and social burdens on the country.
population aged 65 years or older was 23% in 2010, and The Japanese Government started the national long-

term care insurance (LTCI) system in 2000 based on the
Long-Term Care Insurance Act.? The aim was to certify
Accepted for publication 12 August 2013. need of care level elderly, and to provide suitable care
services according to the level of care required (seven
levels, including requiring support [levels 1 and 2] and
requiring long-term care [levels 1-5]). The total number
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Certification of need of care in the national LTCI
system is an important outcome in Japan, not only
because of its massive social and economic burdens, but
also because it is urgently required to reduce its risk and

decrease the number of disabled elderly requiring care -

in their activities of dally living (ADL). For establish-

ment of an evidence-based ‘prevention strategy, it is*

critically important to accumulate epidemiological evi-
dence including the incidence of certified need of care
and identification of risk factors. However, there have
been no studies to clarify the incidence of certified need
of care in the LTCI system or its risk factors using
large-scale, population-based cohorts.

In 2005, we started a large-scale, - population-based
cohort study entitled the Research on Osteoarthritis/
Osteoporosis Against Disability (ROAD) study with a
total of 3040 participants, which aims to elucidate the
environmental and genetic backgrounds of musculo-
skeletal diseases.®>* The present study investigated the
incidence of certified need of care in the national LTCI
system, and determined its risk factors using a database
from the ROAD study. :

Methods

Participants

The present analysis was based on data collected from
cohorts established in 2005 for the ROAD study.
Details of the cohorts have been reported elsewhere.®*
Briefly, we created a baseline database from 2005-2007,
which included clinical ‘and genetic information on
3040 residents of Japan (1061 men, 1979 women). Par-
ticipants were recruited from resident registration list-
ings in three communities, namely, an urban region in
Itabashi, Tokyo, and rural regions in Hidakagawa and
‘Taiji, Wakayama. Participants. in. the urban region in
[tabashi were recruited from those of a cohort study,® in
which participants were randomly drawn from the reg-
ister database of Itabashi ward residents, with a response
rate of 75.6% in the group aged >60 years. Participants
in the rural regions in Hidakagawa and Taiji were
recruited from resident registration lists, with response
rates of 68.4% and 29.3%, respectively, in the groups
aged >60 years Inclusion criteria were the ability to: (i)
walk to the survey site; (if) report data; and (iii) under-
stand and sign an informed consent form. For the
present study, we enrolled 1773 participants (699 men,
1074 women; mean age 75.4 years) aged 65 years or
older who were not certified as need of care level elderly
in the national LTCI system at baseline. All participants
provided written informed consent, and the study was
carried out with approval from the ethics committees of
the University of Tokyo and the Tokyo Metropohtan
Institute of Gerontology.
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Baseline procedures

Participants completed an interviewer-administered
questionnaire containing 400 items that included life-
style information, such as smoking habits, alcohol
consumption and physical activity. At baseline, anthro-

- pometric measurements, including height and weight,

were taken, and body mass index (BMI; weight [kgl/
height’ [m®]) was estimated based on the measured
height and weight. Underweight was defined as BMI
<18.5 and obesity as BMI 227.5, according to the 2004
consensus statement from the WHO regarding appro-
priate BMI for Asian populations.® Grip strength was
measured on bilateral sides using a handgrip dynamom-
eter (TOEI LIGHT, Saitama, Japan); the higher mea-
surement was recorded. Isometric peak knee extension
torque was measured at a knee flexion angle of 90°
using a dynamometer (GT-30; OG GIKEN, Okayama,
Japan) twice in participants from the urban regional
cohort (Itabashi, Tokyo); the higher measurement was
recorded. The time taken to walk 6 m at usual walking
speed in a hallway was recorded, and usual gait speed
was calculated. Skeletal muscle dysfunctxon was defined
as usual gait speed <0.8 m/s or grip strength <30 kg in
men and <20 kg in women, according to the algorithm
for screening sarcopenia recommended by the Euro-
pean Working Group on Sarcopenia in Older People
(EWGSOP).”® The time taken for five consecutive chair
rises without the use of hands was recorded in the rural
regional cohorts (Hidakagawa and Taiji, Wakayama).
Hands were folded in front of the chest with feet flat on
the floor. Timing began with the command “Go”, and
ended when the buttocks contacted the chair on the

~ fifth landing,
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Certification of need of care in the LTCI system

The nationally uniform criteria for long-term care need
certification was established objectively by the Japanese
Government, and certification of need of care level
elderly is determined based on evaluation results by the
Certification Committee for Long-term Care Need in
municipalities in accordance with basic guidelines for-
mulated by the Government. The process of eligibility
for certification of need of care in the LTCI system was
described in detail by Chen et al.’ An elderly person who
requires help with ADL or the caregiver contacts the
municipal Government to request official certification of
care needs. After the application, a trained official visits
the home to assess the current physical status of the
elderly person, including the presence or absence of
muscle weakness or joint contracture of limbs, and dif-
ficulties in sitting-up, standing-up, maintaining sitting
or standing position; transferring from one place to
another, standing on one leg, walking, bathing, dress-
ing, and other ADL. Mental status, including dementia,
is also assessed. These data are analyzed to calculate a

© 2013 Japan Geriatrics Society
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Table 1 Baseline characteristics of population at risk for certified need of care in the long-term care

insurance system

Entire cohort

Urban cohort

Rural cohort

Men Women Men Women Men Women
No. participants 699 1,074 333 486 366 588
Age (years) 75.6 (5.1) 75.2 (5.3) 77.5 (3.7) 77.3 (3.8) 73.8 (5.5)t 73.5 (5.8)f
Height (cm) 160.9 (6.0)  147.9 (6.0)*  161.0(5.8) 1482 (5.4)*  160.8 (6.2) 147.7 (6.5)*
Weight (kg) 59.4 (9.1) 50.0 (8.3)* 59.4 (8.2) 49.8 (7.8)* 59.4 (9.9) 50.1 (8.8)*
BMI (kg/m?) 22.9 (2.9) 22.8 (3.4) 22.9(2.7) 22.7 (3.3) 22.9 (3.1) 22.9 (3.5)
BMI <18.5 (%) 6.2 8.0 6.1 7.9 6.3 8.0
. BMI=227.5 (%) 5.7 9.3%% 3.9 8.5%% 7.4 9.9
Grip strength (kg) 30.4 (6.8) 19.4 (4.9)* 28.6 (6.1) 18.2 (4.1)* 31.9 (7.0)* 20.3 (5.2)*t
Knee extension - - 79.6 (27.2) 54.8 (17.0)* - -
torque (kgm)
Usual gait speed (m/s)  1.17 (0.31)  1.10(0.33)*  1.27(0.24)  1.22(0.24)*  1.08 (0.34)fT  1.00 (0.36)*t
Chair stand time (s) - - - - 10.8 (3.7) 12.2 (5.4)*
Muscle dysfunction 48.7 56.0%% 52.6 60.0%* 45.2 52.6%%F
(%)®
Smoking (%) 21.0 3.2%% 19.2 3.0%* 22.6 3.4%%
Alcohol consumption - 61.2 23.0%% 61.0 28.8%% 613 18.4%%%
(%)

Except where indicated otherwise, values are mean (SD). ¥P < 0.05 versus men in the corresponding group of the same cohort
by unpaired Student’s z-test. **P < 0.05 versus men in the corresponding group of the same cohort by y*-test. TP < 0.05 versus
urban cohort in the corresponding group of the same sex by unpaired Student’s ¢-test. *P < 0.05 versus urban cohort in the
corresponding group of the same sex by x-test. SMuscle dysfunction was defined as usual gait speed <0.8 m/s or grip strength
<30 kg in men and <20 kg in women. BMI, body mass index; LTCI, long-term care insurance system.

standardized score for determination of the level of care
needs (certified support, levels 1-2; or long-term care,
levels 1-5). In addition,: the primary physician of the
applicant assesses physical and mental status, including
information on diseases causing ADL disability and the
extent of disabilities caused by them. Finally, the Certi-
fication Committee for Long-term Care Need reviews
the data and determines the certification and its level.

Follow up and definition of incident certified need
of care

After the baseline ROAD survey, participants who were
not certified as need of care level elderly at baseline were
followed for incident certification of need of care in the
LTCI system. Incident certified need of care was defined
as the incident certified 7 level, including requiring
support (levels 1-2) and requiring long-term care (levels
1-5). Information on the presence or absence of certi-
fication of need of care and its date of occurrence were
collected by the resident registration listings in three
communities every year up to 2010, and were used for
analyses in the present study.

Statistical analysis

All statistical analyses were carried out using STATA
statistical software (STATA, College Station, TX, USA).

© 2013 Japan Geriatrics Society
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Differences in the values of the parameters between two
groups were tested for significance using the non-paired
Student’s #-test and yx?-test. Factors associated -with
occurrence of certified need of care were determined
using Cox proportional hazards regression analysis;
hazard ratios - (HR) and 95% confidence intervals -(CI)
were determined after adjusting for region, age, sex, and
BML ; :

Results

Of the 1773 participants who were not certified as in
need of care level elderly at baseline, information on
certification of need of care could be obtained in 1760
(99.3%) during the average 4.0-year follow up. A total of
54 men and 115 women were certified as in need of care
level elderly in the national LTCI system; whereas, 1591
remained uncertified during the follow-up period. A
total of 126 participants died, and eight moved away.
Table 1 shows the baseline characteristics of the
population at risk for occurrence of certified need of
care in the LTCI system. Although BMI was not signifi-
cantly different between men and women in the entire,
urban or rural cohorts, prevalence of obesity (BMI
227.5) was significantly higher in women than in men in
the entire and urban cohorts. The prevalence of under-
weight was higher in women than in men in the entire,
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Figure 1 Incidence of certified need of care in the

long-term care insurance system in men and women in each
urban and rural cohorts; however, there was no signifi-
cant difference. The prevalence of skeletal muscle dys-~

age stratum.

function, determined by gait speed and grip strength,

was significantly higher in women than in men in the

entire, urban and rural cohorts.

Figure 1 shows sex- and age-distributions of the inci-
dence of certified need of care in the LTCI system.

lation of the entire cohort, and 2.0/100 person-years in

Incidence was 2.3/100 person-years in the overall popu-
men and 2.5/100 person-years in women. The inci-

dence was very low in the age-stratum of 65-69 years,
whereas, it tended to be markedly higher in the age-

strata of 80 years and older in both sexes.

~We then determined the risk factors for occurrence of
-certified need of care in the LTCI system. First, analysis
was carried out using region, age, sex and BMI as
explanatory variables.in:the Cox proportional hazards
regression model (upper part of Table 2). Rural region

and age were found to be risk factors for occurrence of

certified need of care in the overall population. Sex and
BMI were not significantly different. To further investi-
gate the association between BMI and occurrence, we

categorized BMI into three groups. Both underweight
(BMI <18.5) and obesity (BMI >27.5) were found to be
risk factors for occurrence of certified need of care,
‘showing a U-shaped association. As for muscle strength

and physical performance, handgrip strength, knee

_extension torque, usual gait speed, chair stand time and

muscle dysfunction were found to be significantly asso-
ciated with occurrence of certified need of care (lower

part of Table 2). We carried out the same analyses in

men and women separately (Table 2), and found results

similar to those of the overall population.

94,6 PUE SONEI pIezel] ¢ 3]qeL

iscussion
The preserit study investigated the k'ir,ici,dence of

certified need of care in the national LTCI system, and
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determined its risk factors using Japanese population-
based cohorts. Identified risk factors were region, age,
underweight, obesity, handgrip strength, knee exten-
sion torque, usual gait speed, chair stand time and
muscle dysfunction (determined by the EWGSOP algo-
rithm for screening sarcopenia).

In the present study, we could not obtain information
on causes of certified need of care in the LTCI system.
Therefore, we could not analyze the direct association of
each causing condition with such factors as anthropo-
metric and physical performance measurements. The
Government of Japan reported that the top five leading
causes of certified need of care were cerebral stroke,
dementia, asthenia as a result of older age, joint disease
and fall-related fracture, comprising 71.6% of all causes
in 2010.'° Based on these data, most of the causes of
incident certification in the present study are inferred to
be among the top five leading conditions.

Both low and high BMI were found to be risk factors
for occurrence of certified need of care, showing an
overall U-shaped association. This U-shaped associa-
tion is similar to that between BMI and risk of death.!1?
The association between risk of death from cardiovas-
cular disease and other causes, and BMI was reported
to be U-shaped in East Asians,' whereas the risk of
all-cause mortality versus BMI was also found to have a
U-shaped association in Western European and North
American populations.’” High BMI is an established
risk factor for chronic diseases, including hypertension,
dyslipidemia and diabetes mellitus, which increase the
risk of cerebral stroke.”® High BMI is also a major risk
factor for knee osteoarthritis,'*” which can cause ADL
disability in-the elderly.’® In contrast, low BMI is an
established risk factor for osteoporosis and related frac-
ture.” It also might relate to asthenia, a condition of
loss or lack of bodily strength as a result of chronic
wasting disease. Underweight as a result of malnutri-
tion or sarcopenia is suggested to be included in this
category. '

Other identified risk factors were handgrip strength,
knee extension torque, usual gait speed, chair stand
time and muscle dysfunction (determined by the
EWGSOP algorithm for screening sarcopenia). Previous
studies have reported that low muscle strength and
physical performance were predictors of subsequent
ADL disability in the elderly.?*? The results of the
present study are consistent with these previous reports.
As many of the performance tests used in the present
study are easy to carry out and evaluate, they can be
utilized for screening elderly persons at high risk of
certified need of care in the LTCI system. Those who
were classified as having muscle dysfunction in the
present study were at high risk of sarcopenia as well as
certified need of care, regardless of muscle volume.
Therefore, elderly persons screened by the EWGSOP
algorithm are recommended to receive early interven-

© 2013 Japan Geriatrics Society
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tion programs for prevention of ADL disability and sub-
sequent deterioration leading to certified need of care.

The Japanese Orthopedic Association proposed the
concept of “locomotive syndrome” in 2007 for the
promotion of preventive health care of locomotive
organs.” ¢ Locomotive syndrome refers to conditions
under which the elderly have been receiving support or
long-term care, or high-risk conditions under which
they might soon require support or long-term care, that
are caused by musculoskeletal disorders.?2¢ Functional
declines in locomotive organs, including muscle
strength, walking speed and balancing ability, usually
progress slowly and gradually. As such, it might be
difficult for people to recognize this decline in their daily
life. Therefore, it is of particular importance to raise
awareness of the growing risk caused by these disorders,
and to take action to improve and maintain the health
of locomotive organs. Population approaches, including
promotion of the concept of locomotive syndrome to
both younger and older generations, are important, in
addition to high-risk approaches, including identifying
those at risk for certified need of care and practicing
intervention programs to reduce the risk of certified
need of care. B

There were some limitations in the present study. As
we could not obtain information on causing conditions,
we could not determine the risk factors for occurrence
of certified need of care with respect to each causing
condition. Additional studies are necessary to identify
those direct associations. In the present study, the rural
region was at higher risk of incident certified need of
care compared with the urban region. The reasons for
this could include differences in available public and
private transportation or delivery services regarding
meals and commodities for the elderly. In addition to
these, the threshold between certified and non-certified
elderly might be different among municipalities, which
could lead to regional differences. Although the Certi-
fication Committee for Long-term Care Need in each
municipality determines certification in accordance with
guidelines formulated by the Government, the Commit-
tee also has to consider assessment by the applicant’s
primary physician and objective evaluation results
regarding physical and mental status, which could affect
the threshold of certification.- Another limitation was
health bias. Participants at baseline in the present study
were those who could walk to the survey site, and could
understand and sign an informed consent form. As
those who could not were not included in the analyses,
the study participants do not truly represent the general
population due to health bias. Therefore, incidence of
certified need of care was most likely underestimated,
which should be taken into consideration when gener-
alizing the results of the present study.

In conclusion, the present study revealed the inci-
dence of certified need of care in the national LTCI
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system, and determined its risk factors using Japanese
population-based cohorts.  Both underweight and
obesity were found to be risk factors for certified need of
care, suggesting that maintenance of intermediate BMI
is important for prevention. Low muscle strength and
physical ability were also shown to be risk factors for
certified need of care. Physmal perfoxmance measures
identified as predictors can be used as screening tools to
identify 111gh-r15k individuals. Considering muscle dys-
function, screened by the EWGSOP algorithm, was a
risk factor for occurrence, scxeened mchwduals are
recommended to receive early intervention programs
regardless of muscle volume. Further studies are neces-
sary to develop intervention programs and to test their
effectiveness, along with accumulation of epidemiologi-
cal evidence, to prevent certified need of care and reduce
the social and economic burdLns assoc1ated with' this
Condmon
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Abstract

Summary Assessment of serum 25-hydroxyvitamin D levels
in association with the occurrence of musculoskeletal diseases
using a population-based cohort study design revealed that serum
25-hydroxyvitamin D levels could predict the occurrence of
osteoporosis at the femoral neck within 3 years, but not the
occurrence of knee osteoarthritis or lumbar spondylosis.
Introduction The aim of this study is to clarify the association
between serum 25-hydroxyvitamin D (25D) levels and occur-
rence of osteoporosis and osteoarthritis in the general
population. '

Methods The Research on Osteoarthritis/Osteoporosis
Against Disability study, a large-scale population-based co-
hort study, was performed during 2005-2007. Serum 25D
levels were measured i in 1,683 partlc:lpants Of these, 1,384
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individuals (81.9 %) completed a second follow-up survey
3 years later. Osteoporosis was defined according to World
Health Organization criteria, in which osteoporos1s is diag-
nosed by T-scores of bone mineral density (BMD) that are 2.5
standard deviations (SD) less than normal BMD. Knee oste-
oarthritis and lumbar spondylosis were defined as Kellgren—
Lawrence grade >2, using paired X-ray films. Cumulative
incidences were determined according to changes in measure-
ments using World Health Organization criteria for osteopo-
rosis or Kellgren—Lawrence grades for osteoarthritis between
the baseline and second survey.

Results The mean (SD) serum 25D level of the 1,384 partic-
ipants in both surveys was 23.4 ng/mL (6.5). The annual
cumulative incidences of osteoporosis at L2-4 and the femo-
ral neck were 0.76 and 1.83 %/year, respectively. The inci-
dences of knee osteoarthritis and lumbar spondylosis were 3.3
and 11.4 %fyear, respectively. After adjusting for potential
associated factors, logistic regression analyses revealed that
the odds ratio for the occurrence of femoral neck osteoporosis
significantly decreased as serum 25D levels increased (+
1 SD; odds ratio 0.67; 95 % confidence interval 0.49-0.92;
p=0.014).

Conclusions Higher serum 25D levels may prevent the oc-
currence of osteoporosis at the femoral neck, but not knee
osteoarthritis, lumbar spondylosis, or osteoporosis at L2—4.

Keywords 25-Hydroxyvitamin D - Epidemiology -
Incidence - Osteoarthritis - Osteoporosis - Population-based
cohort study

Introduction

As the average age of the human population is rapidly in-

creasing, the development of methods to prevent musculo-
skeletal disorders that impair activities of daily life (ADLs)
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and quality of life (QOL) in the elderly has become an urgent
need. Osteoporosis and osteoarthritis are major bone and joint
health problems that cause impairment of ADL and QOL
among the elderly and lead to increased morbidity and mor-
tality in this population. The recent National Livelihood
Survey performed by the Ministry of Health, Labour and
Welfare in Japan [1] found that arthritis is ranked fourth, and
falls and osteoporotic fractures are fifth among the diseases
that cause disabilities requiring support and long-term care.
Therefore, developing approaches to prevent osteoporosis and
osteoarthritis could reduce the impairment of ADL and QOL
and subsequent disabilities among the elderly.

Vitamin D influences bone quality and is important in
maintaining bone density [2, 3]. A number of studies have
reported an association between inadequate vitamin D intake

Itabashi, Tokyo; 864 subjects from a mountainous region in
Hidakagawa, Wakayama; and 826 subjects from a coastal
region in Taiji, Wakayama. In the present study, we enrolled
all 1,690 subjects (596 men, 1,094 women; mean age
65.2 years (12.0), 66.3 years (11.7) in men, 64.7 years (12.1)

Jin:women) from the mountainous and coastal reglons ‘who
~ participated in the ROAD study. Bone mineral density (BMD)

and osteoporosis [4-7]. In contrast, no clear association has

been found between vitamin D and osteoarthritis. An associ-
ation between low levels of 25-hydroxyvitamin D (25D) and
prevalent hlp osteoarthntls was observed in cross-sectional
studies [8, 9]. In addition, it has been shown that low serum
25D levels increased the risk of knee osteoarthntls progres—
sion [10] and mmdent h1p Jomt space narrowing [11].
However, it has also been reported that serum 25D levels
did not predict joint space narrowing or loss of cartilage
volume of the knee [12] or chmcally diagnosed knee or hxp
osteoarthntls [13}

" In the present study, we performed a populatlon—based
cohort survey using the Research on Osteoarthritis/
Osteopor051s Agamst Dlsablhty (ROAD) study cohorts. The
second ROAD survey, a 3-year follow—up survey that repeated
the basehne examinations performed in the original ROAD
study, has ‘been completed The aim of our study was to
determine whether vitamin D 1nadequacy affects the occur-
rence of musculoskeletal diseases, mcludmg osteop0r051s
knee osteoalﬂmtxs and lumbar spondylos1s

Methods
Study pkar‘ticipants :

The present study was performed using the ROAD study
cohorts established in 2005. The ROAD study is a national,
prospective study of osteoarthritis that is made up of
population-based cohorts from several commumtles in
Japan. Details of the cohort profile have been reported else-
where [14, 15]. In brief, between 2005 and 2007, a baseline
database was created that included clinical and genetic infor-
mation for 3,040 residents (1,061 men, 1,979 women; mean
age, 70.3 years (SD 11.0), 71.0 years (10.7) in men, 69.9 years
(11.2) i in Women) of Japan. The subjects were recrulted from
resident registration listings in three communities with differ-
“ent characteristics: 1,350 subjects from an urban region in
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measurements and blood and urinary examinations were per-
formed-on the participants from the mountainous region and
the coastal region, it R

The study participants provided written informed consent.
The study was conducted with the approval of the ethics
committees of the University of Tokyo (no. 1264 and no.
1326) and the University of Wakayama Medical University
(no. 373).

Baseline assessment

Interviewer-administered questionnaire

Participants completed an interviewer-administered question-
naire that consisted of questions related to lifestyle, including
occupation, smOking habits, alcohol consumption, family his-
tory, medxcal history, physical activity, 1eproducuve history,
and health—related QOL ‘

Dietary assessment

A bnef dlet hlstory questlonnalre (BDHQ) was admlmstered
to assess the diet of the participants, and nutrient intakes from

the preceding month were determined. The BDHQ is a four-
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page structured questlonnalre that includes questions about
the frequency of consumption of 80 principal foods. The
serving sizes of the foods are described as normal portions
that are the standard weight and volume of servings common-
ly consumed by the general Japanese population. The BDHQ
was modified from a comprehensive, 16-page validated self-
administered diet history questionnaire [16]. A total of 141
variables, including dietary energy and nutrient intakes; were
calculated using an ad hoc computer algorithm for the BDHQ.
Detailed explanations accompanied each questionnaire. Well-
trained interviewers clarified any unclear sections of the ques-
tionnaire, Wthh was completed by the partlcxpants at their
le1sure

Anthropometric measurements and medical history

Anthropometric measurements, including height and weight,
were measured in all participants. Body mass index (BMI)
was calculated as weight in kilograms divided by height in
meters squared. Handgrip strength was measured using a Toei
Light handgrip dynamometer (Toei Light Co., Ltd., Saitama,
Japan). Both hands were tested and the larger value used to
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determine the maximum muscle strength of the subject.
Experienced orthopedic surgeons collected medical informa-
tion about pain, swelling, and range of motion of the knee.

Blood and urinary examinations

Samples were collected between the end of October and the
middle of January from participants in the mountainous and
coastal areas. All blood and urine samples were extracted
between 09:00 and 15:00. After blood samples were centri-
fuged, the sera and urine samples were immediately placed on
dry ice and transferred to a deep freezer within 24 h. Samples
were stored at —80 °C until assayed.

Serum levels of 25D were measured using a radioimmu-
noassay with a '?*I-labeled tracer (DiaSorin, Stillwater, MN,
USA) [17]. Intact parathyroid hormone (iPTH) levels were
measured using an electrochemiluminescence immunoassay
(Roche Diagnostics GmbH, Manheim, Germany). Serum N-
terminal propeptide of type I procollagen (PINP), a marker of
bone formation, was measured using a radioimmunoassay
(Orion Diagnostics, Espoo, Finland). Urinary levels of -
isomerized C-terminal telopeptide cross-links of type I colla-
gen (-CTX), a marker of bone resorption, were determined
using an enzyme-linked immunosorbent assay (Fujirebio,
Inc., Tokyo, Japan). Urinary 3-CTX values were standardized
to urinary creatinine concentrations. '

BMD examination

Lumbar spine and proximal femur BMD values were deter-
mined using dual-energy X-ray absorptiometry (DXA;
Hologic Discovery; Hologic, Waltham, MA, USA)

X-ray examination

Plain radiographs of the lumbar spine in the anteroposterior
and lateral views and both knees in the anteroposterior view
with weight bearing and foot map positioning were obtained.

Three-year follow-up

Between 2008 and 2010, the 1,690 participants were invited
to participate in the 3-year follow-up of the ROAD survey,
which repeated the baseline examinations.

Definition of osteoporosis and osteoarthritis

Osteoporosis was defined according to World Health
Organization criteria; osteoporosis was diagnosed when
BMD T-scores were lower than peak bone mass by 2.5 stan-
dard deviations (SD) [18]. The mean (SD) for the L2-4 BMD
in young adult men and women, as measured by the Hologic
DXA in Japan, is 1.011 g/cm2 (0.119) [19]. Therefore,
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osteoporosis of the lumbar spine was defined as an L2—4
BMD <0.714 g/cm®. The mean (SD) BMDs of the femoral
neck in young adult men and women are 0.863 g/cm? (0.127)
and 0.787 g/cm? (0.109), respectively [19]. Therefore, osteo-
porosis at the femoral neck in men and women was defined as
a femoral neck BMD <0.546 and <0.515 g/em?, respectively.

Knee and lumbar radiographs were read by a single expe-
rienced orthopedist who was blinded to participants’ clinical
status and were categorized using the Kellgren—-Lawrence
grading scale [20]: grade 0, normal; grade 1, slight
osteophytes; grade 2, definite osteophytes; grade 3, disk space
narrowing with large osteophytes; and grade 4, bone sclerosis,
disk space narrowing, and large osteophytes. In the present
study, a subject with at least one knee and at least one lumbar
spine with a Kellgren—Lawrence grade >2 was defined as
having radiographic knee osteoarthritis and lumbar
spondylosis, respectively. When a different grade was
assigned to each knee, the participant was classified to the
higher grade. To examine intra-observer variability of
Kellgren-Lawrence grading, 100 randomly selected radio-
graphs of the knee were scored by the same observer 1 month
after the initial reading. To determine inter-observer variabil-
ity, 100 radiographs were scored by two experienced orthope-
dic surgeons using the same atlas. The Kellgren-Lawrence
grade (0-4) intra- and inter-variabilities were confirmed by
kappa analysis to be sufficient for assessment (x=0.86 and k=
0.80, respectively).

Incidence of osteoporosis and osteoarthritis

Cumulative incidence of osteoporosis and osteoarthritis was
determined on the basis of changes in measurements between
the baseline and second survey. A new case of osteoporosis
was identified if an individual’s BMD values at baseline were
not indicative of osteoporosis, but at follow-up, BMD T-
scores were lower than peak bone mass by 2.5 SD. A new
case of radiographic knee osteoarthritis was identified if the
Kellgren-Lawrence grade at baseline was <2 for both knees
and one or both knees were assigned a grade >2 at follow-up.
A new case of radiographic lumbar spondylosis was identified
if the Kellgren—Lawrence grade at baseline was <2 for all
lumbar spines and at least one spine was assigned a grade
>2 at follow-up.

Statistical analysis

All statistical analyses were performed using STATA statisti-
cal software (STATA Corp., College Station, TX, USA).
Differences in proportions were compared using the chi-
squared test. Differences in continuous variables were tested
for significance using analysis of variance for comparisons
among multiple groups or Scheffe’s least significant differ-
ence test for pairs of groups.
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Logistic regression analysis was used to test the association
between serum levels of 25D and the occurrence of osteopo-
rosis at .24, osteoporosis in the femoral neck, knee osteoar-
thritis, and lumbar spondylosis. In the analysis, we used the
occurrence of musculoskeletal diseases, such as osteoporosis,
knee osteoarthritis, and lumbar spondylosis, as the objective
variable and serum levels of 25D (ng/mL +1 SD) as an
explanatory variable, after adjusting for age (+1 year), sex
(0, men; I,women) BMI (+1 kg/m?), and regional differences
(5 mountamous area; 1, coastal area). In addition, we adjusted
for factors associated with serum levels of 25D that were
identified previously [21]: month of examination (0,
October, November, or December; 1, January), smoking (0,
never; 1, current), alcohol consumption (0, never; 1, current),
serum levels of iPTH (0, <65 pg/mL; 1,265 pg/mL), and total
energy from daily amount of intake (+100 kcal/day) and
vitamin D (+10 pg/day), calculated based on the BDHQ
questionnaire. Furthermore, we adjusted for potential risk
factdrs, including variables regarding exercise, past history,
and pain that showed a significant (»<0.05) association with
the occurrence of each musculoskeletal disease in the simple
linear analysis.

Results
Eligible participants

Of the 1,690 study participants, 25D levels were measured at
baseline in 1,683 individuals (595 men, 1,088 women; mean
age 65.3 years [12.0], 66.3 years [11.7] in men, 64.7 years
[12.1] in women). A total of 1,384 individuals (81.9 %; 466
men, 918 women; mean age 66.8 years [11.8], 67.8 years
(11 6] in men, 66.4 years [11.8] in women) completed the
second follow—up survey that included BMD measurements
‘and X-ray radiography. A total of 251 individuals (14.9 %;
104 men, 147 women) dropped out of the follow-up study.
The reasons for the dropouts were as follows: 40 individuals
(27 men, 13 women) died, 97 individuals (32 men, 65 women)

~were ill, 16 individuals (5 men, 11 women) moved away, 8
individuals (4 men, 4 women) were absent, 51 (24 men, 27
women) declined to participate in the second survey, and 39
(12 men, 27 women) had other reasons for not participating in
the second survey, including lack of response to the invitation.
In addition, 55 individuals (3.3 %; 26 men, 29 women)
participated in the second survey, but not all measurements
were obtamed

Annual incidénce of musculoskeletal diseases

1In order to estimate cumulative incidence of osteoporosis and
osteoarthritis, participants who had previously been diagnosed
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with “osteoporosis and osteoarthritis at baseline” were
excluded from the estimation for the incidence of each
musculoskeletal disease. Of the 1,384 participants who
completed both the baseline and follow-up surveys, 204
individuals who had been diagnosed with osteoporosis
at L2-4 or who had been prescribed medication for the
treatment of osteoporosis at baseline were excluded.
Thus, cumulative incidence of osteoporosis at L2-4
was estimated using data from 1,179 participants.
Similarly, cumulative incidence for osteoporosis of the
femoral neck, knee osteoarthritis, and lumbar spondylosis was
estimated using data from 1,187; 728; and 530 participants,
respectively (Table 1).

In those participants who completed both the baseline and
follow-up surveys, the annual cumulative incidence of osteo-
porosis of the lumbar spine and femoral neck was estimated to
be 0.76 and 1.83 %/year, respectively. The annual cumulative
incidence of knee osteoarthritis and lumbar spondylosis was
estimated as 3.3 and 11.4 %/year, respectively. The age and
sex distribution of the incidence for each musculoskeletal
dzsease is shown i Fig. 1.

Baseline characteristics of participants and occurrence ;
of musculoskeletal diseases during 3-year follow-up periods

The measured baseline characteristics of the study par-
ticipants, including serum levels of 25D; anthropometric
measurements; lifestyle factors such as residence,
smoking, alcohol consumption, and exercise; and medi-
cal history of fractures, hip pain, and knee pain, are
shown in Table 1.

Serum 25D values categorized according to the occurrence
or non-occurrence of musculoskeletal diseases are shown in
Table 1. The mean levels of serum 25D were significantly
lower in the subjects with femoral neck osteoporosis than

‘those who did not develop femoral neck osteoporosis (p=
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0.0088). In contrast, serum 25D levels did not differ signifi-
cantly between the groups with or without the occurrence of
osteoporosis at L2—4 (p=0.16). Serum 25D levels were higher
in subjects with knee osteoarthritis and lumbar spondylosis
when compared to those who did not have knee osteoarthritis
or lumbar spondylosis, although there were no significant
differences (knee osteoarthritis, p=0.15; lumbar spondylosis,
p=0.10).

When the osteoporosis at L2—4 occurrence group was
compared to the non-occurrence group, participants in the
occurrence group tended to have lower BMI (p=0. 031), were
more likely to be women (p=0.011), and did not exercise
frequently (p=0.017). Serum PINP and unnary B-CTX and
CTX-II levels were 51gmﬁcant1y hlgher in the osteopor051s at
L2-4 group than in the non-occurrence group (PINP, p=
0.0001; B-CTX, p=0. 004; CTX-II, p=0.006). Serum levels
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Table 1 Comparison of baseline characteristics of individuals with occurrence or non-occurrence of musculoskeletal diseases during the 3-year follow-up period

Population at risk (n=1,179)

Population at risk (n=1,187)

Population at risk (n=728)

Population at risk (n=530)

Occurrence Non- P Occurrence Non- P Occurrence Non- P Occurrence Non- P
occurrence : occurrence occurrence occurrence
(n=27) (n=1,152) (Occurrence  (n=65) n=1,122) (Occurrence  (n=71) (n=657) (Occurrence (n=182) (n=348) (Occurrence
Vs non- Vs non- VS non-occurrence VS non-
occurrence) OCCUITence) occurrence)
Means (standard deviations) ~ 21.7 (5.3) 23.5 (6.6) 0.1556 21.4 (5.5) 23.6 (5.5) 0.0088** 24.2 (6.5) 23.0 (6.6) 0.1493 23.1(6.5) 22.1(6.1) 0.1033
of serum levels of 25D
(ng/mL)
Mean values (standard deviations) of selected characteristics
Age (year) 66.8 (3.9) 624 (11.8) 0.06 70.2 (9.0) 61.9 (11.5) <0.0001***  67.3 (8.2) 582 (11.8) <0.0001%** 63.2 (10.8) 56.8 (12.5) 0.0059**
Height (cm) 151.9(7.8) 157.0 (8.6) 0.0022%* 151.4 (6.7) 157.2 (8.7) <0.0001***  153.9 (8.6) 158.8 (8.6) <0.0001%%* 154.3 (9.2) 1552 (7.9) 0.26
Weight (kg) 50.6 (7.4) 57.7(10.3) 0.0004%** 49.0 (6.4) 58.1(10.3) <0.0001***  56.0 (8.8) 56.8 (11.0) 0.56 54.9 9.7) 53.6 (9.5) 0.15
BMI (kg/m?) - 2203.0 234 (3.3) 0.0312* 21.5(3.2) 23.5(3.3) <0.0001*** - 23.6 (2.9) 224 (3.2) 0.0035%* 23.0(3.2) 22.2(3.3) 0.0107*
Frequency of selected.characteristics (%) :
Female sex 852 61.0 0.011* 84.6 60.6 <0.001*** 74.7 58.6 0.009** 71.4 83.1 0.002+*
Residing in a coastal area  48.2 56.4 0.39 523 - 56.4 0.52 70.8 56.3 0.012* 423 61.5 <0.001%**
Current smoking habit 39 13.7 0.15 5.0 13.8 0.05 7.1 16.9 0.034* 144 9.8 0.12
(more than once a .
month) :
Current alcohol 40.7 443 0.71 203 45.0 <0.00]*** 64.8 52.1 0.041* 61.5 60.7 0.85
consumption (more
than once a month)
Regularly walking outside ~ 11.5 213 0.23 19.7 202 0.92 29.0 23.0 0.27 229 22.7 0.940
(less than once a week,
including job)
Regularly exercising 0.0 17.6 0.017* 7.7 18.1 0.032% 7.0 19.9 <0.001%** 12.6 13.5 0.780
outdoors (football,
tennis, baseball, golf,
etc.) after graduation
from the last school
History of osteoporotic 74 2.9 0.17 2.5 4.6 0.30 7.0 2.0 0.009** 5.0 29 0.220
fractures (hip, spine
[clinical, symptomatic],
shoulder, wrist)
Visited the doctor owing 0.0 4.5 0.32 4.08 3.83 0.93 5.7 43 0.67 2.6 53 0.230
to pain in the hip
Visited the doctor owing 19.1 22.9 0.68 26.4 224 0.50 259 11.7 0.002%* 25.9 17.9 0.050%
to pain in either knee
Month of examination 222 26.8 0.59 323 26.2 0.28 423 23.1 <0.001%** 434 26.7 <0.001***
(January)
Mean values (standard deviation) of serum and urinary biochemical markers
Serum levels of iPTH 40.6 (14.5) 40.7 (31.5) 0.99 434 (14.9) 40.9 (38.3) 0.6 40.8 (18.3) 42.0 (46.6) 0.83 41.5(28.4) 42.4 (49.3) 0.83
(pg/mL)
Serum levels of PINP 76.1 (21.9) 56.1 (25.4) 0.0001%** 735 (28.7) 56.5 (26.1) <0.0001%** 59,0 (26.9) 563 (27.2) 043 59.0 27.1) 59.2(28.2) 0.94
(ng/l)
Urinary levels of B-CTX 245.1 (90.4) 176.4 (121.9)  0.0037** 269.5 (138.6)  176.9 (124.4)  <0.0001***  199.7 (130.2)  170.8 (113.0)  0.0452* 2,119 (157.7)  193.6 (134.7) 0.17
(pug/mmol Cr)
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- g % . ;:% ;gi ipants who had osteoporosis at the femoral neck tended to be
2 . ‘%?'? o s 2 = = older (p<0.0001), tended to have lower BMI (p<0.0001),
S|z gz z = = 2 were more likely to be female (p<0.001), did not consume
§ - § alcohol regularly (p<0.001), did not exercise regularly
g 8 _ z 5 g Z (p=0.032), and consumed less calories (p=0.017) than
% § % E %% z é those in the non-occurrence group. Serum PINP and
£l = & = 2 o urinary B-CTX levels were significantly higher in the
g 3;0 participants with osteoporosis at the femoral neck than
. g g in those who did not have osteoporosis at the femoral
éé 3 3 = neck (»p<0.0001). Serum levels of iPTH and urinary
g2 % 2 § % levels of CTX-II were not significantly associated with
n ef S s = 5 osteoporosis at the femoral neck.
=) §_ When participants in the knee osteoarthritis occurrence
2 % = g o g g é group were compared to those who did not have knee osteo-
E £ §‘£ 5 gc 9 g arthritis, those with knee osteoarthritis were older, had a
% e - - B Z . higher BMI, were less likely to be female, resided in
& 9 g SR g §0 a coastal area, smoked less, consumed more alcohol,
£ = § ﬁ;»' g 5 El exercised less regularly, were more likely to have a
:g:-' § E b ??39 a E = history -of osteoporotic fracltures, and were ;nore likely
S to have a history of medical visits because of knee pain.
g El Q{g In addition, vitamin D levels were significantly higher
§ § £l . *‘5 - 2 % in the participants with knee osteoarthritis than those in
o S28 |8 3 s £.8 the non-occurrence group (»p=0.0003). Although iPTH
= E% and PINP serum levels did not differ between the oc-
§ §§ § W F g gg currence and non-occurrence groups, urinary 3-CTX and
1287 3 g8 o | 2 CTX-II levels were significantly higher in the knee osteoar-
% Zs S o = a8 § 2 thritis occurrence group than those in the non-occurrence
E o A - group (3-CTX, p=0.045; CTX-II, p=0.0006).
';E"; é - é Qg g ?5 ,o_.gi Participants with lumbar spondylosis were older, had a
2l g ¥ ) gc g E g higher BMI, were less likely to be female, and were more
=le = - - - 2 likely to have a history of past pain in either knee than the
& 9, ib participants in the non-occurrence group.-Although iPTH,
g & g % . ~ § g) 'PINP, 3-CTX, and CTX-II levels were not ‘different between
« S 28 |8 = 2 § :8 those with lambar spondylosis and those without, total daily
o s o energy intake was higher in the lumbar spondylosis group
Q) g ) g .8 g‘ g § than in the non-occurrence group.
%8 3 8 g - & g = Logistic regression agalys1s between the occurrence
b N 5 g ;]T é of musculoskeletal disease and serum 25D levels
g2 € £ 9 a |89~ '
% § % ? é é g % %" :% § Logistic regression analysis was performed with the occur-
=lc = “ 5~ = - rence of musculoskeletal diseases, including osteoporosis,
= E\ @ ER knee osteoarthritis, and lumbar spondylosis, as the objective
£l ® é § o *;’cm; g = variable and serum 25D levels (ng/mL, +1 SD) as the explan-
é % ~3 E é g § 5 - atory variable, after adjusting for age (+1 year), sex (0, men; 1,
g Tuz 3 § é ; 51 "é 2 f* women), BMI (+1 kg/m?), and regional differences (0, moun-
- %é g f, £ g_g, 3“ * tainous area;. 1, coastal area). In addition, adjustments were
2 §3§ Z § g g < made for factors previously shown to be associated with
& = S serum levels of 25D [20], including month of examination
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Osteoporosis at lumbar spine 12-4

Osteoporosis at the femoral

(%/y) (%/y) (%/y) neck (%1y)
10.0~ Men 10.0 Women 10.0" Men 1001 Women
8.04 8.04 8.01 8.0 1
6.01 6.04 6.04 6.0 1
4.0 40 4.0 40
2.3
2.01 09 204 11 15 13 4, 20; 2.0 1
0 0. . 0 0
30 40 50 60 70 80+ 30 40 50 60 70 80+ 30 40 50 40 70 80+ 30 40 50 60 70 80+
Age (y) Age (y) Age () Age ()
Knee osteoarthritis Lumbar spondylosis
(%/y) (%/y) w (%/Y) 333 (%1Y)
20.04 20.01 omen 30.0 1 Women
167 ;0 )
15.0) 15.04 1250
0.0 ¢ 15.9 17.5
100, 100, 5.0
42 0.0
5.0, 29 488504
5.0
0 o

"40 50 &0 70 80+
Age (y)

40 50 40 70 80+
Age (y)

40 50 60 70 80+
Age (y)

40 50 60 70 80+
Age (y)

Fig. 1 Cumulative incidence (%/year) of musculoskeletal diseases (osteoporos1s at the lumbar spine, osteoporosis at the femoral neck, osteoarthritis of

the knee, and lumbar spondylosis) stratified by age and sex

(0, October, November, or December; 1, January), smoking
(0, never; 1, current), alcohol consumption (0, never; 1, cur-
rent), serum iPTH levels (0, <65 pg/mL; 1, >65 pg/mL), total
daily energy intake (+100 kcal/day), and vitamin D (+10 pg/
day) calculated according to responses on the BDHQ ques-
tionnaire. Furthermore, we adjusted for potential risk factors
that showed a significant (»p<0.05) association with the oc-
currence of each musculoskeletal disease in the simple linear
analysis described in Table 2. Selected potential factors in
each analysis were as follows: osteoporosis at L.2—4, regularly
exercising outdoors (0, yes; 1, no), serum levels of PINP (+1
SD), and urinary levels of 3-CTX (+1 SD) and CTX-II (+1
SD); osteoporosis at femoral neck, regularly exercising out-
doors (0, yes; 1, no), and urinary levels of 3-CTX (+1 SD) and
CTX-II (+1 SD); knee osteoarthritis, regularly exercising out-
doors (0, yes; 1, no), history of osteoporotic fractures (0, no; 1,
yes), history of knee pain (0, no; 1, yes), and urinary levels of
f-CTX (+1 SD) and CTX-II (+1 SD); and lumbar
spondylosis, history of knee pain (0, no; 1, yes).

After adjusting for potential risk factors, serum 25D levels
were significantly associated with the occurrence of osteopo-
rosis at the femoral neck (odds ratio 0.67; 95 % confidence
interval 0.49-0.92; p=0.014). However, serum 25D levels
were not significantly associated with the occurrence of knee
osteoarthritis, lumbar spondylosis, or osteoporosis at L2—4.

Discussion

In the present study, using information from the population-
based cohort ROAD study, we estimated the incidence of
osteoporosis at L2—4 and at the femoral neck and found that
higher serum 25D levels decreased the risk of future occur-
rence of osteoporosis at the femoral neck, but not the risk of
osteoporosis at 1.2-4 or osteoarthritis, including knee osteo-
arthritis and lumbar spondylosis.

Previously, we have estimated the age—sex stratlﬁed cumu-
lative incidence of knee osteoarthritis and lumbar spondylosis
in the Japanese population, using the ROAD study of more
than 2,200 subjects who participated at baseline and at the 3-
year follow-up study and for whom paired radiographs and
complete pain histories were obtained [22, 23]. In contrast,
there are few reports estimating the incidence of osteoporosis
diagnosed by BMD in the Japanese population [24, 25]. In the
present study, we established the population-based cohorts of
the ROAD study in identical areas to the previous studies and
performed a baseline study between 2005 and 2007 and a
follow-up study between 2008 and 2010. Using the data of
1,384 participants from both the baseline and follow-up stud-
ies, we estimated the annual cumulative incidence of osteo-
porosis at the spine L2—4 and at the femoral neck to be 0.76
and 1.83 %/year, respectively. Using the total age and sex
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Table 2 Odds ratios of serum 25-hydro>§yvitamjn D ley'vels': influencing the occurrence of musculoskeletal diseases during the 3-year follow-up periods

Occurrence of osteoporosis

Occurrence of osteoporosis

Occurrence of knee

. Occumence of lumbar

at the lumbar spine L.2—4 at the femoral neck osteoarthritis spondylosis
Explanatory variables Reference (at the baseline) OR 95%CI p OR 95%CI p OR 95%CL p OR 95%Cl p
Serum levels of 25D +1 SD 0.87 0.569-1.319 0.504 0.67 0.49-0.92 _0.014* 123 0.90-1.69 0.198 1.01 0.81-1.28 0.900
(ng/mL) ; : ‘
Adjusted factors ; ) :
Age (yea) +1 year 105 1.00-1.09  0.043* 111 1.07-115 <0.001*** 1.10 1.06-1.14 <0.001*** 1.04 1.02-1.06 0.001**
Sex. © o0, men; 1,'women 274 074-1022 0132 323 121-861 0019%* 324 124-845 0.016* - 065 034-1.25 0.196
BMI CE B : O, 18.5-27.5 vs 1,<185 - -3.65 096-1434 0.064 8.89 3.33-23.77 <0.001*** 1.00° - ~ 007 0.09-0.51 0.009%*
k ; ; 0, 18.5-27.5vs 1,>275 -041 0.05-3.17 0394 015 0.02-1.17 0.071 229 0.80-6.58 0.125 2.17 1.06-4.45 0.033*
Month of examination 0, October, Ndvember; December ;0‘59 020-1.72 0333 159 0.74-3.40 0234 1.78 0.79-4.02 0.163 1.22 0.70-2.14 0482
SERE vs 1, Janu ‘ Gaaia : :
Residing region 0, mountainoag area; 1, coastal area 0.71 0.28-1.81 0467 1.69 0.80,-;3.58‘ 0.171 1.18 0.53-2.64  0.688 0.71 0.42-1.20 0.197
Smbking S 0, ex or never sn1okef; 1, current - 047 0.06-3.98 0491 0.68 0.16—2.8‘4 , 0.594 1.01 0.27-3.79 0.987 1.28 0.59-2.77 0.529
i E smoker - s : - B
Alcohol consumption 0, ex or never drinker; 1, current drinker 1.64  0.68-3.94 0271 0.72 0.34-1.54 039 - 0.83 ~040-1.70 0.604 0.83 0.50-1.37 0.459
Serum levels of iPTH (pg/mL) 0, <65 pg/mL; 1, 265 pg/mL: © 2039 0.05-3.07 0371 0.65 0.18-2.41 0.521 1.88 0.65-544 0.245 1.88 0.81-4.37 0.145
Total energy from daily food ;+10ﬁ0 keal - : S 100 090-1.11 0991 093 0.86-1.01 0.101 101 0.94-1.08 0.768 1.04 0.98-1.10 0.179
I/da e . ‘ i
Vﬁ:?xm g)from'délly food ~  +10 pg 0.84 0.53-1.35 0479 1.14 0.835-154 0377 125 0.94-1.65 0.123 0.94 0.75-1.20 0.636
(ng/day) ' ' - :
Selected adjusted factors . -

‘kRe'gularly exercising outdoors: 0, yes; 1, no 1.00° - - ~1.15 0.35-3.80 0.819 1.53 0.46-5.03 04835 - - -
History of OSteoporotic: fraéturés O, no; 1; yes - - - - - - 1.95.. 0.54-7.07 0311 - - -
History of knee pain 0, no; 1, yes - - - - - - 1.84 .0.87-3.92 0.111 LIl 0.75-1.20 0.636
‘Serum levels of PINP (ug/L) ~ +1'SD 151 1.00-226  0.040* 136 1.01-1.82  0.044* - - - - -
Urinary levels of 3-CTX +1-SD 1.05 0.69-1.61 0802 -1.18 0.91-1.51 0.206 0.76 0.512-1.13 0.176 - = -

- (ug/mmol Cr) : ~ ‘
Urinary levels of CTX-Il . . +1 SD' 1.09 0.83-1.44 0528 -~ - - 141 0.96-2.07 0.076 - - -
+ (pg/mmol Cr) ~ : ~

OR odds ratio, 95 % CI 95 %'conﬁdence intérval 25D 25-hydroxyvitamin D, BMI body mass iﬁdex iPTH intact parathyroid hormone, PINP procollagen type N-terminal propeptide, 3-CTX {3-isomerized
C-terminal telopeptide cross-links of type I collagen, CTX 17 C-termmal cross-hnked telopeptlde type II collagen

*p<0.05; *¥p<0.01; ***p<0.001
* Omitted from the model
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population distributions from the Japanese 2010 census
[26], our results indicate that approximately 450,000
people (50,000 men and 400,000 women) aged
>40 years are affected by osteoporosis at L2—4 and that
approximately 1,180,000 people (130,000 men and 1,050,000
women) aged >40 years are affected by osteoporosis at the
femoral neck.

An association between inadequate vitamin D and osteo-
porosis has been reported previously. Deficiency of vitamin D
results in decreased bone mineralization and secondary hy-
perparathyroidism and increased cortical bone loss and has
been linked to the pathogenesis of osteoporosis and hip frac-
tures [2, 3]. In addition, vitamin D supplementation may help
to decrease fractures and falls [27, 28]. In a primary care
cohort study of 1,470 postmenopausal Japanese women, there
were trends of decreasing incidence of proximal femur
and long bone fractures as serum 25D levels increased
[29]. However, there are few reports that have assessed
the predictive ability of serum 25D levels and the oc-
currence of osteoporosis itself. In the present study, we
confirmed that higher serum 25D levels are associated
with the prevention of osteoporosis occurrence, especial-
ly at the femoral neck.

There is conflicting information about the association of
vitamin D and the occurrence of osteoarthritis. Few longitu-
dinal studies have identified vitamin D deficiency as a risk
factor for occurrence or progression of osteoarthritis.
Specifically, Lane et al. reported that an increased risk of hip
joint space narrowing is assdciated with low baseline serum
25D levels [11]. McAlindon et al. reported that an increased
risk of knee osteoarthritis progression is associated with a low
vitamin D intake or low serum 25D levels [10]. Bergink et al.
reported that low dietary vitamin D intake increases the risk of
progression of radiographic knee osteoarthritis [30]. In addi-
tion, cross-sectional studies have shown an association be-
tween low 25D levels and prevalent hip osteoarthritis [8, 9].
However, it has also been reported that low serum 25D levels
do not increase the incidence of knee osteoarthritis. Felson
et al. reported, using data from the Framingham Osteoarthritis
Study cohort, that vitamin D status is unrelated to the risk of
joint space or cartilage loss in knee osteoarthritis [12]. In
addition, Kostari et al. followed a population of 805 subjects
who participated in national health examination surveys held
in 1978-1980 and 2000-2001 and found no significant asso-
ciation between serum 25D levels and the risk of incident knee
or hip osteoarthritis [13]. Our study found no association
between serum 25D levels and incident knee osteoarthritis.
In addition, although no reports have examined the association
between 25D and onset of lumbar spondylosis, we found no
association between 25D and incident lumbar spondylosis.

In our previous report examining the association of vitamin
D and musculoskeletal diseases at baseline [21], we found that
the prevalence of osteoporosis at the L2—4 or at the femoral
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neck tended to be highest in the vitamin D deficiency group,
followed by the vitamin D insufficiency and normal groups,
although the groups did not differ significantly. The preva-
lence of knee osteoarthritis and lumbar spondylosis did not
differ between vitamin D levels. In the present follow-up
study using the same population, we found that higher levels
of serum 25D prevented the occurrence of osteoporosis at the
femoral neck, but not knee osteoarthritis or lumbar
spondylosis, after adjusting for associated factors. This is the
first study to confirm the association between 25D levels and
the occurrence of musculoskeletal disorders, using the same
population. Therefore, we concluded that the serum 25D
levels would be useful in assessing the risk of future osteopo-
rosis, but not the risk of future osteoarthritis.

There are several limitations to this study. First, although
the ROAD study includes a large number of participants, these
participants may not be representative of the general popula-
tion. To address this, we compared the anthropometric mea-
surements and smoking frequency and alcohol consumption
between the study participants and the general Japanese pop-
ulation. No significant differences were found, with the ex-
ception that male ROAD study participants aged 70-74 years
were significantly smaller than the overall Japanese popula-
tion (p<0.05) [14]. This difference should be considered when
evaluating potential risk factors for men aged 70-74 years.
Second, we used Kellgren—Lawrence grade >2 as a criterion
for the diagnosis of knee osteoarthritis and lumbar
spondylosis. The Kellgren—Lawrence scale is a categorical
index in which grade 2 is defined as definite osteophytes
and grade 3 is defined as disk space narrowing with large
osteophytes. Based on this scale, it would be difficult to
evaluate osteophytosis and joint space narrowing separately.
Thus, all cases of joint space narrowing, with and without the
presence of osteophytosis, are categorized into the grade 3.
Therefore, to evaluate the severity of knee osteoarthritis using
quantitative parameters, a knee osteoarthritis computer-
assisted diagnostic system [31] measuring minimum joint
space width and area of osteophytosis is under development.
In addition, a lumbar spondylosis computer-assisted diagnos-
tic system is also under development. These systems will
provide further accuracy in determining the association be-
tween the components of osteoarthritis including joint space
and osteophytes and serum levels of 25D for early prevention
of osteoarthritis. Finally, the measurement of the 25D level in
the present study was measured on a single occasion. Thus,
we could not exclude the effect of incidental life changes of
participants, such as holidays or dietary changes that occurred
around the examination date. Owing to budget and lack of
manpower, we could not perform recurtent measurements of
serum 25D levels to minimize fluctuations in 25D levels due
to the effect of environmental factors. However, the large
number of participants of the study means that the individual
variance in serum 25D levels is diluted.
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Irnportantly the strength of the present study is that the
participation rate in the follow~up survey was very high
‘(81 9 %). '

In conclusion, the present study revealed that serum 25D
levels could predlct the occurrence of osteoporo&s at the
femoral neck thhm 3 years, but not the occurrence of knee
osteoarthrltrs or lumbar spondylosrs ‘Raising serum 25D
levels may be useful in the prevennon of osteoporosrs occur-
rence in the nea1 future
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Abstract

Background The present study aimed to investigate
association of physical activities of daily living with the
incidence of certified need of care in the national long-term
care insurance (LTCI) system in elderly Japanese popula-
tion-based cohorts.

Methods Of the 3,040 participants in the baseline exam-
ination, we enrolled 1,773 (699 men, 1,074 women) aged
65 years or older who were not certified as in need of care-
level elderly at baseline. Participants were followed during
an average of 4.0 years for incident certification of need of
care in the LTCI system. The Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC)
was used assess function. Associated factors in the baseline
examination with the occurrence were determined by
multivariate Cox proportional hazards regression analysis.
Receiver operating characteristic curve analysis was per-
formed to evaluate cut-off values for discriminating
between the occurrence and the non-occurrence group.
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Results All 17 items in the WOMAC function domain
were significantly associated with the occurrence of certi-
fied need of care in the overall population. Cut-off values
of the WOMAC function score that maximized the sum of
sensitivity and specificity were around 4-6 in the overall
population, in men, and in women. Multivariate Cox haz-
ards regression analysis revealed that a WOMAC function
score >4 was significantly associated with occurrence with
the highest hazard ratio (HR) for occurrence after adjusting
for confounders in the overall population (HR [95 %
confidence interval (CI)] 2.54 [1.76-3.67]) and in women
[HR (95 % CI) 3.13 (1.95-5.02)]. A WOMAC function
score >5 was significantly associated with the highest HR
for occurrence in men [HR (95 % CI) 1.88 (1.03-3.43)].
Conclusions  Physical dysfunction in daily living is a
predictor of the occurrence of certified need of care.
Elderly men with a WOMAC function score >5 and
women with a score >4 should undergo early intervention
programs to prevent subsequent deterioration.
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Introduction

Japan is a super-aged society experiencing an unprece-
dented aging of the population. The proportion of the

population aged 65 years or older'was 23 % in 2010, andis

expected to reach 30.1 % in 2024 and 39 % in 2051 [1].
This leads to an increasing proportion of disabled elderly
requiring support or long-term care, imposing enormous
economic and social burdens on the country. The Japanese
Government started the national long-term care insurance
(LTCI) system in 2000 based on the Long-Term Care
Insurance Act [2]. The aim was to certify need of care-level
elderly and to provide suitable care services according to
the level of care required [7 levels, including requiring
support (levels 1 and 2) and requiring long-term care
(levels 1-5)]. The total number of certified need of care-
level elderly was reported to be 5 million in 2011 [2].
Certification of need of care in the national LTCI system is
an important outcome in Japan not only because of its
‘massive social and economic burdens, but also because it is
urgently necessary to reduce risk and decrease the number
of disabled elderly requiring care in their activities of daily
living (ADLs). It is critically important to accumulate
“epidemiologic evidence, including identification of pre-
dictors, to establish evidence-based prevention strategies.
However, no studies have determined the association of
physical ADLs with the incidence of certified need of care
in the national LTCI system using large-scale, population-
based cohorts. The objective of the present study was to
investigate the association of physical ADLs with the
incidence of certified need of care in the national LTCI
system and determine its predictors in elderly participants
of large- -scale, population-based cohorts of the research on
osteoarthrms/osteoporosm agamst disability (ROAD)
study.

Subjects and methods
Participants

The analysis was based on data collected from cohorts
established in 2005 for the ROAD study. Details of the
cohorts have been reported elsewhere [3, 4]. Briefly, a

baseline database was created from 2005 to 2007, which
included clinical and genetic mformatlon on 3,040 resi-
dents of Japan (1,061 men, 1,979 women). Participants
were recruited from resident registration listings in- three
communities, namely, an urban region in Itabashi, Tokyo,
and rural regions in Hidakagawa and Taiji, Wakayama.
Participants in the urban region in Itabashi were recruited
from those of a cohort study [5] in which the participants
were randomly drawn from the register database of Itabashi
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ward residents, with a response rate in the age group

>60 years of 75.6 %. Participants in the rural regions in
Hidakagawa and Taiji were recruited from resident regis-
tration lists, with response rates in the groups aged

>60 years of 68.4 and 29.3 %, respectively. Inclusion

criteria were the ability to (1) walk to the survey site, (2
report data, and (3) understand. and sign an 1nformed con-
sent form. For the present studv we enrolled 1,773 par-
ticipants (699 men, 1,074 women; mean age 75.4 years)
aged 65 years or older who were not certified as in need of
care-level elderly in the national LTCI system at baseline.
All participants provided written informed consent; and the
study was conducted with approval from the ethics com-
mittees of the participating institutions.

Baseline procedures

Participants completed an interviewer-administered ques-
tionnaire containing 400 items that included lifestyle
information, such as smoking habits, alcohol consumption,
and physical activity. At baseline, anthropomemc mea-
surements including height and weight, were taken, and
body mass index (BMI) [weight (kg)/he1ght (m?)] was
estimated based on the measured height and weight.

Assessment of physical ADLs "

We used the Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) for assessment of physical
ADLs. The WOMAC is a health status instrument, con-
sisting of three domains: pain, stiffness, and physical
function. We used the WOMAC function domain to eval-
uate physical ADLs. It cdnsisted of 17 items: assessing

difficulties in descending stairs, ascending stairs, rising

138

from smlng, standmg, bendmg to floor, Walkmt7 on a flat
surface, getting in/out of car/bus going shoppmg, putting
on socks/stockings, rising from bed, taking off “socks/
stockings, lying in bed, getting into/out of bath, sitting,
getting on/off toilet, heavy domestic duties, and light
domestic duties. Each item in the domain is graded on
either a 5-point Likert scale (scores of 0—4) or a 100-mm
visual analog scale [6, 7]. In the present study, we used the
Likert scale (version LK 3.0). Items were rated from O to 4;
0, no difficulty; 1, mild difficulty; 2, moderate difficulty; 3,
severe difficulty; 4, extreme difficulty. The domain score
ranges from O to 68. Japanese versions of the WOMAC
have been validated [8].

Certification of need of care in the LTCI system
The nationally uniform criteria for long-term care need

certification ‘was- established objectively by the Japanese
Government, and certification of need of care-level elderly



