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Background: Although sneezing is known to induce low back pain, there is no objective data of the load
generated when sneezing. Moreover, the approaches often recommended for reducing low back pain,
such as leaning with both hands against a wall, are not supported by objective evidence.
Methods: Participants were 12 healthy young men (mean age 23.25 =+ 1.54 years) with no history of spinal
column pain or low back pain. Measurements were taken using a three-dimensional motion capture system
and surface electromyograms in three experimental conditions: normal for sneezing, characterized by
forward trunk inclination; stand, in which the body was deliberately maintained in an upright posture when
sneezing; and table, in which the participants leaned with both hands on a table when sneezing. We analyzed
and compared the intervertebral disk compressive force, low back moment, ground reaction force, trunk
inclination angle, and co-contraction of the rectus abdominis and erector spinae muscles in the three
conditions.
Findings: The intervertebral disk compressive force and ground reaction force were significantly lower in
the stand and table conditions than in the normal condition. The co-contraction index value was
significantly higher in the stand condition than in the normal and table conditions.
Interpretation: When sneezing, body posture in the stand or table condition can reduce load on the low
back compared with body posture in the normal sneezing condition. Thus, placing both hands on a table
or otherwise maintaining an upright body posture appears to be beneficial for reducing low back load
when sneezing.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

the fifth-most common reason for medical consultation among
outpatients [7].

Low back pain (LBP) is a common and major health problem,
which can have sizeable socioeconomic impacts due to substantial
direct and indirect social costs associated with LBP-related
disability and loss of work [1,2]. In fact, most adults at some
point in their lives experience some degree of LBP, of which
approximately 85-90% of cases are classified as non-specific LBP
[3,4]. In some instances, LBP is characterized as recurrent [5,6]. A
recent report in Japan suggested that the lifetime prevalence of LBP
was as high as 83% and the 4-week prevalence was 36%, making it

* Corresponding author. Tel.: +81 0287 24 3000; fax: +81 0287 24 3100.
E-mail address: hasegawatetsuyal986@gmail.com (T. Hasegawa).

http://dx.doi.org/10.1016/j.gaitpost.2014.07.020
0966-6362/© 2014 Elsevier B.V. All rights reserved.

Various factors can cause acute onset of non-specific LBP,
including lifting and bending [8], and strategies for reducing low
back load during such actions have been investigated from a
biomechanical viewpoint using indicators for low back load such
as the low back moment (LBM) and intervertebral disk compres-
sive force (CF) in the lower back [9,10]. In clinical practice, sneezing
is often reported to aggravate LBP. Indeed, Walker et al. reported
sneezing to be an indicator of mechanical LBP [11], and Vroomen
etal.[12] observed that 33%(40/122) of patients with LBP radiating
in the leg but without radicular syndrome felt more pain on
coughing, sneezing, or straining.

Sneezing occurs frequently as a respiratory reflex triggered to
expel foreign bodies that mechanically irritate the nasal mucosa
[13,14]. Characterized by explosive exhaling, sneezing is said to
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cause strong concentric contraction of the rectus abdominis (RA)
muscles and often sudden forward inclination of the trunk when in
an upright posture. This forward inclination increases the lever
arm from the center of rotation of the lower back to the center of
mass in the upper body, thereby increasing the LBM. Moreover,
since the forward trunk inclination angle (TA) is suddenly
increased while sneezing, it is assumed that the acceleration
applied to the center of gravity (COG) of the trunk also increases.
This increase in acceleration entails a strong increase in the force
that bends the trunk, so the erector spinae (ES) muscles must
contract to maintain posture. Forward trunk inclination and ES
contraction are reported to increase the CF [15], and therefore
sneezing can be regarded as an action that increases low back load.
However, no studies to date have reported objective measurement
and biomechanical analysis of the low back load when sneezing.
Various types of media targeting people with LBP often
recommend maintaining an upright posture or leaning with both
hands on a table when sneezing to counter such pain [16]. These
recommendations are made despite the lack of evidence for their
efficacy. In this study, we conducted biomechanical tests to verify
the hypothesis that maintaining an upright position or leaning with
both hands on a table when sneezing reduces the low back load.

2. Methods
2.1. Subjects

Participants were 12 healthy young men (mean age, 23.25 SD
1.54 years; mean height, 170.30 SD 4.00 cm; mean weight, 60.90
SD 7.39 kg) with no history of LBP or spinal column pain. All
provided written consent to participate after the study protocol
was approved by institutional ethics committees.

2.2. Experimental conditions

Measurements were conducted under the following three
conditions (Fig. 1): NORMAL condition for sneezing, characterized
by forward trunk inclination; STAND condition, deliberately
maintaining an upright posture of the trunk when sneezing; and
TABLE condition, bending the trunk and leaning with both hands
on a table when sneezing. Subjects stood on force plates and freely
chose the distance between their feet and the position of their
hands on the table. Subjects induced sneezing by irritating the
nasal mucosa with a long, thin strip of tissue paper [17].

Infrared
1 |camera

(o)
o |
|

—Surface
.1 electromyography

5

A

i ;
Table height: 70 cm
i/

| Force plates

e T/

Measurements were taken 3 times under each experimental
condition. In total, 9 trials with 1-min recovery intervals were
conducted.

2.3. Experimental setup

Fig. 1 shows the measurement system used. Movement was
recorded with a three-dimensional (3D) motion capture system
(Vicon 612, Vicon, Oxford, UK) consisting of four force plates
(AMTI, Watertown, MA) and 12 infrared cameras with a sampling
rate of 120Hz. Thirty-two infrared (IR)-reflective markers
(diameter, 14 mm) were attached to each subject: top of the
head, C7 spinous process, T10 spinous process, L5 spinous process,
manubrium sterni, Xxiphoid process and bilaterally on the acromion
process, lateral epicondyle, ulnar styloid process, anterior and
posterior superior iliac spine, iliac crest, acetabulofemoral joint,
medial knee joint, lateral knee joint, medial and lateral malleoli,
and the first and fifth metacarpophalangeal joints. The obtained
physical coordinates and ground reaction force (GRF) data were
processed with a 6 Hz and 18 Hz second-order low-pass Butter-
worth filter (dual-pass for zero lag), respectively [18].

To measure muscle activity during movement, electromyo-
grams were obtained (Biometrics, Newport, UK) at a sampling rate
of 1000 Hz for the right RA (1 cm to the side of the umbilical region
and 2 cm to the side of the medial line) [19] and the right ES (2 cm
to the side between the L4 and 5 vertebrae) [20]. Electrodes were
attached to only the right side because the left and right sides were
expected to behave in a similar manner. Electromyography signals
were prefiltered, producing a bandwidth of 20-460 Hz, and
amplified with a differential amplifier (common-mode rejection
ratio > 96 dB at 60 Hz, input impedance > 10 T{). Subjects wore a
wristband connected to the grounding electrodes on the right
hand. Subjects performed in the supine position against gravity
with maximum resistance applied by the experimenter to obtain
the maximum voluntary contraction of the RA (sit-up with straight
leg while imposing resistance to the breast region) and in the prone
position to obtain the maximum voluntary contraction of the ES
(back extension with their hand resting on their head while
imposing resistance to the scapular region) [21]. The subjects were
required to produce maximal isometric extension efforts while
resistance was provided by a single examiner with a physical
therapy license.

Pressure sensors (DKH, Tokyo, Japan) were connected to
the electromyographs and force plates to synchronize the

Fig. 1. (A) Experimental setup. (B) The three experimental sneezing conditions examined. In the NORMAL condition, subjects sneezed with no instructions. In the STAND
condition, subjects were instructed to maintain an upright position as long as possible. In the TABLE condition, subjects were instructed to immediately place both hands on
the table when they felt they would sneeze. (C) To promote sneezing, each volunteer irritated his nasal area using a roll made by twisting a sheet of tissue paper.
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electromyograms and graphs obtained with the Vicon system. The
observer input an analog electrical pulse as the synchronization
marker to send to all systems to identify a common temporal
reference point at the beginning of the measurement.

2.4. Data analysis

Data were analyzed using the 3D motion analysis software
package Vicon Body Builder (Vicon). The method of Katsuhira et al.
[9,10] was used to calculate the LBM. Briefly, the LBM was
calculated using inverse dynamic analysis based on the Newton-
Euler method from the GRF data obtained from the coordinates of
the IR-reflective markers and force plates. In the analysis, segments
were regarded as rigid and the joint moment was calculated using
a link segment model in which segments were connected together
at nodal points. To compute the joint moment, muscle coordinate
data were added to the GRF data, in which the position of the
center of mass, the weight portion, and the moment of inertia of
each segment were used as parameters. The measurement data
reported by Winter et al. [18], Okada et al. [23] and Jorgensen et al.
[24] were used as the body parameters necessary for calculating
the LBM. The method by Katsuhira et al. [25] was used to calculate
the CF. Because LBP is often reported to occur between L4 and L5
|26], the L4-5 interspace was taken as the center of rotation for the
LBM. The moment arm of the intervertebral disks and muscles was
taken as the distance between the intervertebral disks and RA upon
generation of the low back flexion moment and as the distance
between the disks [23] and ES upon generation of the low back
extension moment [24].

When calculating the CF in TABLE, the table was set to straddle
the force plates, and the weight of the table was excluded from the
calculations. In addition, the GRF readings obtained from the force
plates on which the table was mounted were decomposed in
accordance with the TA, and the reaction force obtained from the
table was calculated by subtracting the result from the CF. Formula
1 refers to the CF [25]. Here, 20, 13, 8, and 23 are inverse numbers
of the moment arms [23-25]. The low back joint compression force
was obtained by multiplying the inverse number of the moment
arms by the absolute value of the low back joint moments for each
axis and adding the resolved gravitational force applied to the COG
of the head, arm, and trunk (HAT) and the TA (6):

Intervertebral disk CF

+20|Extension moment|or13|Flexion moment|
+8|Side flexion moment]|

+23|Rotation moment|

+Gravitational force applied to COG of HAT - cos 6
—Reaction force from table - cosf

(1)

The LBM and CF calculated with the above methods were taken
as indicators of low back load. By taking the markers on both
shoulders and manubrium sterni as indicators, the TA was
measured as the change in angle when standing and the angle
at peak CF when sneezing.

The co-contraction index (CCI) was calculated according to
Falconer and Winter [27] to evaluate the co-contraction of the RA
and ES when sneezing. Electromyographic data from these muscles
were integrated over 1000 frames from a 1-s period (0.5 s before to
0.5 s after) of the peak CF recorded when sneezing. Using the
obtained integral value, we calculated the portion corresponding
to co-contraction of the muscles, which was taken as CCI. The
computation of I,,,;, which refers to the integral of the electromyo-
gram of the antagonist muscle, shows the signal was stronger for
the RA than for the ES between t1 and t2, and vice versa between t2
and t3, where t is timing. EMGapg and EMGgs indicate the activities
of the RA and ES, respectively.

Consequently, the calculation was as follows:

t2 t3
It = / EMG s (£)dt + / EMGs (£)dt )
t1 t2

here I;,5 denotes the added integral values for these muscles, and
EMG,gon and EMG,,,; denote the electromyogram of the agonist
and antagonist muscles, respectively. CCI was calculated from
these values as follows:

t3
liotal = /4 [EMGagon + EMGant](t)dt (3)
t:

2lant

total

CCl = x 100% (4)

Data for the CF, GRF, LBM, and TA were extracted at peak CF, and
the CF, GRF, and LBM were normalized by body weight (mean of
three measurements) to decrease individual differences.

2.5. Statistical analysis

Statistical analysis was performed using the mean values of the
parameters for each participant and comparing the CF, LBM, GRF,
TA, and CCI for the three experimental conditions. Verification was
performed using repeated measures ANOVA, and variables
showing a significant difference were subjected to multiple
comparisons with Bonferroni correction. Significance was set at
5%. Intra-class correlation coefficients (ICC) of peak low back CF
from the three trials were calculated for each condition. Statistical
analysis was performed using SPSS 20 (SPSS Inc., Chicago, IL).

3. Results

3.1. Intervertebral disk compressive force and low back moment

The CF waveform in NORMAL shows two peaks, peak 1 and peak 2 (Fig. 2). The
LBM waveform shows the flexion moment generated first, followed by the
extension moment. Both the CF and LBM showed similar tendencies in all
conditions.

Fig. 3 shows the mean CF for each condition. ICCs indicated moderate reliability
in each condition. The force in STAND and TABLE was about half that in NORMAL.
Table 1 shows the CF for peak 1, peak 2, and over a sneeze normalized by each
subject’s weight. Compared with NORMAL, these forces were significantly lower in
STAND and TABLE (p < 0.05).

Table 1 shows the values for the LBM normalized by subject weight at peak CF.
The force peaked when the low back extension moment was generated in NORMAL
and TABLE and when the low back flexion moment was generated in STAND.

3 4000 | —Peak low back compression force
= PEAK2
« o 3000 PEAK1
o C |
By .9 _
28 Z 2000 |
2 0= |
o T
43 1000 I
£
o |
o 0 |
;E, 150 I
g + 100 |
ezt 50 |
1
- '
8§ & sof '
H -100 | '
- 450 L 1 second

Fig. 2. Single data for low back compression force and joint moment when sneezing
in the normal condition. Wave patterns 0.5 s before and after peak low back
compression force are shown because this duration included the start and end of
the sneeze in all subjects using a wave form of compressive force. The start and end
of the sneeze was therefore defined as 0.5s before and 0.5s after peak
intervertebral disk compressive force.
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% p<0.01 induces flexion of the trunk, which activates the ES to maintain
3000 ! 1 . ..
'¢<0-0% posture. Electromyograms also showed that since the activity of
z 1629.75+488.69 the RA peaked before that of the ES, the former is predominantly
8 ICC:0.724 active during generation of the low back flexion moment, while the
8 2000 latter is more active during generation of the low back extension
c

2 810.86+134.76  885.98+149.42 moment.
o 1CC:0.671 1CC:0.431 The mean CF when sneezing in NORMAL for a young man of
g 1oo0 L L approximately 60 kg is about 1600 N. This is roughly equivalent
3 to holding a 20-kg load in a stationary upright position,
which results in an estimated 3- or 4-fold increase in CF on
0 Normal Stand Table the L4-5 intervertebral disks during static standing [15]. In other

Fig. 3. Comparison of intervertebral disk compressive force of mean peak values and
intra-class correlation coefficients (ICCs) in each experimental condition.

3.2. Vertical ground reaction force

Table 1 shows the GRF values normalized by subject weight at peak CF. The
vertical component decreased significantly in STAND and TABLE compared with
NORMAL (p < 0.001). No significant difference was seen between STAND and
TABLE.

3.3. Change in trunk inclination angle

Table 1 shows the changes in the TA between standing posture and at peak CF.
The positive direction is taken in the direction of flexion. The change was in the
direction of flexion in NORMAL and TABLE, but in the direction of extension in
STAND (p < 0.001). No significant difference was observed between NORMAL and
TABLE.

3.4. Electromyograms and CCI

The electromyogram waveform for NORMAL indicates high activity for both the
RA and ES when sneezing (Fig. 4). Furthermore, the CF and ES activity peaked at
roughly the same time, and CCI was significantly higher in STAND than in NORMAL
and TABLE (p < 0.001) (Table 1).

4. Discussion

4.1. Low back moment and intervertebral disk compressive force
when sneezing

Two peaks were found in the plots of CF and LBM when

sneezing, indicating that the RA is highly active during the
characteristic forceful exhalation of sneezing. Such muscle activity

Table 1

words, although sneezing is a momentary action, the load
exerted on the intervertebral disks might aggravate or cause
recurrent LBP.

Among the three experimental conditions, the CF and LBM were
significantly lower in STAND and TABLE. The LBM was estimated
from the GRF using the inverse dynamics method. This moment is
influenced by the TA, and the GRF reflects the acceleration
generated as aresult of trunk movement. For this reason, the CF can
probably be decreased by reducing these two parameters. There
are a number of possible reasons for the significantly lower CF in
STAND and TABLE. First, the change in TA was comparatively small
in STAND, meaning that the moment arm of the center of mass of
the upper body with respect to the intervertebral disks is small, so
it can be considered to reduce the LBM. In the aforementioned
study measuring the CF [15], the force increased with flexion of the
trunk, a tendency similar to that observed in the present study. In
addition, the vertical GRF was small compared with NORMAL. This
might have resulted from deliberately maintaining an upright
posture, where the acceleration of the trunk was suppressed by
consciously stopping the trunk from moving.

Second, the CF peaked during generation of the flexion moment
only in STAND. This force is considered to peak when the RA is
active. Because this moment arm is about 1.5-fold longer than that
for the ES [24], the tensile force exerted by the RA is smaller, which
reduces the CF.

Third, in TABLE, the vertical GRF was reduced and the LBM was
significantly reduced compared with NORMAL. No significant
difference was seen in the magnitude of TA change. Furthermore,
compared with NORMAL, the GRF acting on the feet as a result of
leaning with both hands on the table was reduced, which
suppressed movement of the trunk when sneezing.

Comparison with the normal sneezing posture of mean peak values at peak intervertebral disk compressive force and standard deviations of each of the parameters measured
in the standing upright posture and leaning with hands on a table posture. The waveform of intervertebral disk compressive force shows two peaks. PEAK1 and PEAK2 indicate
the first and second peak of the compression force, respectively. Verification was performed with repeated measures ANOVA using the different sneeze conditions as factors.

Normal

Stand Table p-value

Compression force (N/kg) (PEAK1) 16.37 SD 5.09

Compression force (N/kg) (PEAK2) 26.09 SD 6.16

Compression force (N/kg) (Over sneezing) 26.75 SD 6.44

Moment (Nm/kg) (Extension+) —0.90 SD 0.38

Ground reaction force (N/kg) 10.77 SD 0.55

Co-contraction index (%) 31.99 SD 8.07

Trunk angle (°) (Flexion+) 31.05 SD 12.24

12.36 SD 1.99%' 8.88 SD 3.50% p<0.001"
al: p<0.001
a2: p<0.031
p<0.001
al: p<0.001
a2: p<0.001
p<0.001

al: p<0.001
a2: p<0.001
p<0.001"

b: p<0.001
p<0.001
al: p<0.001
a2: p<0.001
p<0.001

b: p<0.001
p<0.001

a: p<0.001

11.198 SD 2.65%! 9.37 SD 3.00%2

13.24 SD 2.32°1 14.04 SD 1.50*2

0.27 SD 0.21° —0.45 SD 0.33

9.67 SD 0.58*' 8.93 SD 0.86%

44.83 SD 8.15° 31.00 SD 7.71

—4.44 SD 6.25% 36.47 SD 6.29

" One-way analysis of variance: (a) significantly smaller than in the normal condition on multiple comparison (p < 0.05); (b) larger than the other two conditions on

multiple comparison (p < 0.05).
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Fig. 4. Surface electromyography of the erector spinae and rectus abdominis muscles showing maximal voluntary contraction. During acquisition, we performed full-wave
rectification using WAD analysis software (DKH, Tokyo, Japan) and a band-pass filter (20-420 Hz) to decrease noise according to the methods reported by Cholewicki et al.
[22]. The obtained electromyograms were normalized using maximal voluntary contraction during isometric contraction. The wave pattern shows 0.5 s before and after the

peak low back compression force.

4.2. Differences between conditions induced by muscle activity

Comparing the three conditions from the viewpoint of muscle
activity, we found that CCI was significantly higher in STAND. In
other words, there is greater co-contraction of the RA and ES in
STAND. Co-contraction of antagonist muscles in the trunk
increases the CF and stabilizes the upper trunk [28,29]. Arjmand
et al. [29] suggested that co-contraction of antagonist muscles in
the trunk is effective for stabilizing the upper trunk while lifting a
heavy load. However, the low back load while sneezing was not as
large as that when lifting a heavy load.

The present calculations transforming joint moment to muscle
force did not separately clarify the magnitude of muscle force
generated by the agonist and antagonist muscles. The CF might be
greater in STAND than in NORMAL due to the CF generated by
muscle co-contraction. Given that CCI was significantly higher in
the STAND, greater CF seems to be generated by muscle co-
contraction. Therefore, this force is more likely to be reduced in
TABLE than in STAND. In other words, leaning with both hands on a
table is more suitable for reducing the risk of low back load
generated when sneezing than deliberately maintaining an upright
posture.

This study has some limitations. First, the subjects were healthy
young men, so it will be necessary to conduct a further study
considering sex, age, and morphological differences and include
subjects with LBP. Second, since the tensile forces exerted by the
agonist and antagonist trunk muscles were not calculated
separately, the CF generated by muscle co-contraction would
not be entirely correct. Third, a previous study reported that high
intra-abdominal pressure (IAP) might harm the lumbar tissues and
cause LBP. Our biomechanical model accounted for the LBM
including the effect of IAP but not the direct effect of IAP on low
back load. Fourth, other factors, such as neck position and internal
muscular or cardiovascular pressures, while sneezing should be
examined.

Prevention measures for low back disability require continuous
awareness of the fear avoidance (FA) model, because making the
patient aware of posture while sneezing might cause an opposite
effect to that desired [30]. Although we could not show the effect of
FA in this study, future studies should consider the FA model when
observing the effects of preventive measures for low back load
while sneezing.
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Abstract

Study Design: Two-year, prospective cohort data from the Japan epidemiological research of occupation-related back pain
study in urban settings were used for this analysis.

Objective: To examine the association between aggravated low back pain and psychosocial factors among Japanese
workers with mild low back pain.

Summary of Background Data: Although psychosocial factors are strongly indicated as yellow flags of low back pain (LBP)
leading to disability, the association between aggravated LBP and psychosocial factors has not been well assessed in
Japanese workers.

Methods: At baseline, 5,310 participants responded to a self-administered questionnaire including questions about
individual characteristics, ergonomic work demands, and work-related psychosocial factors (response rate: 86.5%), with
3,811 respondents completing the 1-year follow-up questionnaire. The target outcome was aggravation of mild LBP into
persistent LBP during the follow-up period. Incidence was calculated for the participants with mild LBP during the past year
at baseline. Logistic regression was used to explore risk factors associated with persistent LBP.

Results: Of 1,675 participants who had mild LBP during the preceding year, 43 (2.6%) developed persistent LBP during the
follow-up year. Multivariate analyses adjusted for individual factors and an ergonomic factor found statistically significant or
almost significant associations of the following psychosocial factors with persistent LBP: interpersonal stress at work
[adjusted odds ratio (OR): 1.96 and 95% confidence interval (95%Cl): 1.00-3.82], job satisfaction (OR: 2.34, 95%Cl: 1.21-4.54),
depression (OR: 1.92, 95%Cl: 1.00-3.69), somatic symptoms (OR: 2.78, 95%Cl: 1.44-5.40), support from supervisors (OR: 2.01,
95%Cl: 1.05-3.85), previous sick-leave due to LBP (OR: 1.94, 95%Cl: 0.98-3.86) and family history of LBP with disability (OR:
1.98, 95%Cl: 1.04-3.78).

Conclusions: Psychosocial factors are important risk factors for persistent LBP in urban Japanese workers. It may be
necessary to take psychosocial factors into account, along with physical work demands, to reduce LBP related disability.
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Introduction

Low back pain (LBP) is a common musculoskeletal occupational
health problem in industrialized countries and was found to be the
leading specific cause of years lived with disability [1]. Japan is no
exception, and LBP is one of the five most common health
complaints of the Japanese general population [2]. Typically, 85—

PLOS ONE | www.plosone.org

90% of the cases are classified as ‘non-specific’ [3,4], and the
majority of LBP is mild, so they do not become severely disabled
[5,6]. However, in terms of cost and work loss, the small
proportion of people who become disabled due to LBP account
for the largest occupational health care cost and the greatest
number of work days lost around the world [7,8]. Therefore,

April 2014 | Volume 9 | Issue 4 | 93924

57

rossMark

clickfor updates


http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0093924&domain=pdf

clarifying potential risk factors that could aggravate the LBP
condition and lead to disability to work would be very important.

Many epidemiological studies of LBP have been conducted
worldwide for decades. Psychosocial factors such as low job
satisfaction, depression, or the tendency to somatize have been
strongly indicated as ‘yellow flags’ for LBP leading to disability, as
have ergonomic factors such as physical work demands [8-11],
although the magnitude or intensity of each factor may vary across
cultures or work environments [12]. Based on the above evidence,
recently in Japan psychosocial factors began to be considered as a
major risk for aggravating LBP. However, to our knowledge, the
association between aggravation of Japanese workers’ back pain
and psychosocial factors has not been thoroughly assessed in
prospective epidemiological research studies.

Previously, we reported potential risk factors for new onset of
back pain disability in Japanese workers enrolled in a prospective
cohort study in urban settings [13]. Data regarding various
potential risk factors at baseline, as well as LBP-related outcomes,
were collected prospectively. The cohort study focused mainly on
LBP that caused work disability, a subject of critical importance to
employers as well as workers, in terms of occupational health care.

The present study was designed to ascertain whether various
psychosocial factors are associated with aggravating mild LBP into
persistent LBP in workers with a 1-year history of mild LBP, using
data from the previously reported cohort study; the findings of this
further data analysis are reported here. This study was part of a
series of clinical research projects conducted by the Japan Labor,
Health and Welfare Organization related to 13 fields of
occupational injuries and illnesses, including musculoskeletal
disorders, mental health, and cancer. The research projects were
conducted to help resolve occupational health issues and to
disseminate the findings.

Materials and Methods

Data source

Data were extracted from a prospective cohort of the “The
Japan epidemiological research of Occupation-related Back pain
(JOB)” study. Participants were recruited from 16 workplaces in
various occupational fields, located in or near Tokyo. The major
occupational groups at these workplaces were office workers,
nurses, sales/marketing personnel, and manufacturing engineers.
Each participating organization was asked to distribute a self-
administrated questionnaire to their workers, along with a cover
letter from the study administration office. Respondents were
asked to return their completed questionnaires by post, including
their names and mailing addresses, which were used to send
follow-up questionnaires directly from the study administration
office. A total of 6,140 baseline questionnaires were distributed
during September 2005 and February 2006, and 5,310 completed
questionnaires were returned (response rate: 86.5%).

The baseline questionnaire included questions about the
severity of the respondent’s LBP and various individual and
work-related factors. LBP severity was evaluated by the respon-
dents themselves, who were asked to quantify the severity into one
of four grades: grade 0, no LBP; grade 1, LBP not interfering with
work; grade 2, LBP interfering with work; and grade 3, LBP
interfering with work and leading to sick leave. The grades were
determined with reference to Von Korff’s grading method [14].
LBP was defined as pain localized between the costal margin and
the inferior gluteal folds [3], and the area was depicted in the
questionnaire. The baseline questionnaire included questions
about the following: individual characteristics, including gender,
age, obesity, smoking habits, history of LBP, and previous sick
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leave due to LBP; ergonomic work demands, such as frequency of
bending, twisting or lifting at work; and psychosocial factors, such
as depression, interpersonal stress at work, job control, job
satisfaction, and somatization. A brief job stress questionnaire
(BJSQ) was used to evaluate the major psychosocial factors
[15,16]. The BJSQ is a self-administered scale having a total of 57
items, developed by a research working group organized by the
Japan Labour, Health and Welfare Organization. Question items
for the questionnaire were extracted from standard questionnaires
commonly used for evaluating stress related factors, psychological
stress response, depression, anxiety, and somatization [17-23].
The questionnaire was assessed using standardized scores, which
were classified into 19 work-related stress factors: mental workload
(quantitative aspect), mental workload (qualitative aspect), physical
workload, interpersonal stress at work, environmental work stress,
job control, utilization of skills and expertise, physical fitness, job
satisfaction, vigor, irritability, fatigue, anxiety, depression, somatic
symptoms, support from supervisors, support from co-workers,
support from family or friends, and daily-life satisfaction. For each
factor above, standardized scores were developed on a 5-point
scale ranging from 1 (lowest) to 5 (highest) based on a sample of
more than 10,000 Japanese workers. The questionnaire has
demonstrated moderate reliability, high internal consistency, and
its criterion validity has been assessed with respect to the Job
Content Questionnaire (JCQ) and The National Institute for
Occupational Safety and Health (NIOSH) [24].

The follow-up questionnaire was distributed 1 year after the
baseline questionnaire was administered. Of the 5,310 participants
who completed the baseline questionnaire, 3,811 successfully
completed and returned the follow-up questionnaire, resulting in a
follow-up rate of 71.8%. The follow-up questionnaire included
questions relating to LBP, such as severity of LBP during the past
year, length of sick-leave due to LBP, whether medical care was
sought, pain duration, and onset pattern. LBP severity was
assessed by the respondents themselves, using the same categories
as those of the baseline questionnaire.

Ethical approval for the study was provided by the review board
of the Japan Labour, Health and Welfare Organization. Informed
consent was obtained in writing from all participants.

Data analysis

The outcome of interest was occurrence of persistent LBP
during the 1-year follow-up period. In this study, persistent LBP
was categorized as LBP interfering with work (grade 2 or grade 3),
with disability lasting for longer than 3 months. Incidence was
calculated for the participants who reported mild LBP (grade 1)
during the past year at baseline. Participants were excluded from
the analysis if they met any of the following criteria: a job change
for reasons other than LBP; LBP due to a traffic accident; or LBP
caused by a tumor, including metastasis, infection or fracture.

In addition to the compilation of simple, descriptive statistics,
univariate and multivariate logistic regression analyses were used
to explore risk factors associated with persistent LBP. Associations
found by logistic regression analysis were summarized as odds
ratios (ORs) with 95% confidence intervals (Cls). For the
assessment of potential risk factors, crude ORs initially were
estimated. Next, factors with P-values<0.l were adjusted for
individual factors, and also adjusted for individual factors and an
ergonomic factor, in order to explore their potential risk factors.
Factors with adjusted ORs that were statistically significant were
considered to be potential risk factors. The following factors were
used as adjusting factors because they are considered to be
representative of individual and ergonomic factors: age, sex,
obesity, smoking habits, education, and manual handling of

April 2014 | Volume 9 | Issue 4 | €93924



objects [25-27]. Additionally, the above psychosocial risk factors
were grouped by their correlations to explore multicollinearity,
and then a statistically significant factor that had the highest
adjusted ORs were selected from each group and applied to
multivariate regression analysis. Statistical significance was
assumed at the 5% level if the 95% CI did not overlap 1. All
statistical calculations were carried out using the STATA 9.0
software package.

Results

Baseline characteristics of study participants

Of the 3,811 participants who responded to the 1-year follow-
up questionnaires, 1,675 (excluding 43 who did not answer the
question on LBP severity on their follow-up questionnaire)
reported mild LBP during the past year at baseline and met the
selection criteria. The mean age was 43.1 years (SD 10.1 years)
and 1,342 (78.6%) were male. The mean BMI was 23.1 kg/m”
(SD 3.4 kg/m?. Of these participants, 1,165 (68.2%) were
categorized as non-manual laborers; 147 (8.6%) as manual
handlers of < 20-kg objects; 338 (19.8%) as manual handlers of
= 20-kg objects or as caregivers; and 58 (3.4%) were lacking job
description data. In each category, the most common occupations
were office work in the non-manual laborer category; manufac-
turing/engineering in the manual handler of < 20-kg objects
category; and nurse in the manual handler of = 20-kg objects or
caregiver category.

The baseline characteristics of the 3,811 participants who
provided follow-up data appeared to be not much different from
those who did not. The mean (SD) ages were 42.9 (10.1) years and
38.0 (10.2) years, respectively, and the majority were male in both
groups (80.6% and 82.8%, respectively). Those who completed the
study had a mean (SD) BMI of 23.1 (3.3) while the values for
dropouts were 22.9 (4.1). In the follow-up group (vs. the drop-out
group), 78.6% (vs. 75.5%) were categorized as manually handling
< 20-kg objects or not manually handling any objects in their
work, 17.8% (vs. 18.9%) manually handled = 20-kg objects or
were working as caregivers, and data were lacking for 3.6% (vs.
5.6%). In both groups, the most common occupational fields in the
categories of “manual handling of < 20-kg objects or not
manually handling any objects”, and “manual handling of =
20-kg objects or working as a caregiver” were office worker and
nurse, respectively.

Incidence of persistent LBP

Of the 1,675 eligible participants, 43 (2.6%) reported persistent
LBP within the 1-year follow-up period. Of the 43 participants
reporting persistent LBP, 76.7% had pain that persisted for longer
than 6 months.

Association between persistent LBP and potential risk
factors

Crude ORs for persistent LBP, their 95% Cls, and P-values are
shown in Table SI. The “somatic symptoms” risk factor was
associated with an approximately 2.5-fold higher risk of suffering
from persistent LBP. Associations of persistent LBP, with about a
2-fold risk increase, were also found with the following 5
psychosocial factors: interpersonal stress at work, job satisfaction,
depression, support from supervisors, and daily-life satisfaction
factors. An approximately 2-fold risk increase was found for the
following 2 factors: previous sick-leave due to LBP and family
history of LBP with work disability. Of the ergonomic factors, 7
(manual handling of objects at work, frequent bending, twisting,
lifting, or pushing, hours of desk work, and physical workload)
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were associated with about a 3- to 4-fold higher risk of developing
persistent LBP. These 15 factors were chosen for multivariate
logistic regressions, and the results are shown in Table 1. Most of
the ergonomic factors were significant with the ORs adjusted for
individual factors. Five factors from the BJSQ) (interpersonal stress
at work, job satisfaction, depression, somatic symptoms, and
support from supervisors), as well as previous sick-leave due to
LBP and family history of LBP with disability, remained
statistically significant or almost significant by adjusted ORs.
The magnitudes of adjusted ORs of these factors did not markedly
change from our crude OR analyses. Among the 5 factors from
the BJSQ), interpersonal stress at work, job satisfaction, and
support from supervisors tended to correlate to each other, and
depression and somatic symptoms tended to correlate to each
other (Spearman’s rho, data not shown). Additional multivariate
regression analysis included job satisfaction and somatic symptoms
from the BJSQ psychosocial factors and family history of LBP with
disability, chosen by the statistical significance of the adjusted OR.
As shown in Table 2, all of the factors remained statistically
significant or almost significant in the multivariate analysis.

Discussion

Potential risk factors for people with LBP that could aggravate
the condition and cause too much disability to work were explored
in a cohort of urban Japanese workers. The incidence of persistent
LBP developing from mild LBP was 2.6%. ORs adjusted for
individual factors and an ergonomic factor (manual handling of
objects) showed that low job satisfaction, lack of support from
supervisors, interpersonal stress at work, depression, somatic
symptoms, and a family history of LBP with disability were
significant risk factors, and previous sick leave a nearly significant
risk factor, for development of persistent from mild LBP. Our
results indicate that these psychosocial factors are important in
urban Japanese workers who have made the transition from mild
to persistent LBP.

In this study, the definition of persistent LBP was disability
longer than 3 months, and the index for disability was LBP
interfering with work, with or without sick leave. In Western
countries, ‘absence from work’ is often used as an outcome
measurement for disability. The number of participants who were
absent due to LBP (grade 3) was relatively small. Our previous
international epidemiological study showed that taking sick leave
due to musculoskeletal disorders, mostly LBP, appears to be less
common among Japanese workers than British workers [28]. The
lower percentage of absence due to LBP in Japanese workers
compared to workers in European countries may be due to a
difference in concerns about being absent, such as worries that it
might affect employment, salary increases, or evaluations of work
performance. In fact, the proportion of Japanese workers with
disability irrespective of taking sick leave (sick leave defined as any
unplanned absence from work) was approximately the same as the
proportion of UK workers with sickness-related absences. Addi-
tionally, in another international cross-sectional study, the
prevalence of disabling LBP varied markedly across countries,
and the Japanese workers showed the lower prevalence than in
other countries [29]. Therefore, when assessing Japanese workers,
it seems appropriate to define LBP disability as LBP interfering
with work, with or without sick leave.

Among the five factors from the BJSQ) (low job satisfaction, little
support from supervisors, interpersonal stress at work, depression,
and somatic symptoms), low job satisfaction, little support from
supervisors, and interpersonal stress at work tend to relate to each
other, and depression and somatic symptoms tend to relate to each
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other. The first three factors (e.g., low job satisfaction) could be
considered stressful conditions that directly and negatively affect
the individual, and the latter two factors (e.g., depression) as
symptoms of both physical and mental stress. Generally, the
symptoms of somatization are headaches, neck and shoulder
discomfort, dizziness, palpitations or shortness of breath, diarrhea
or constipation, and back pain, and these symptoms are triggered
by emotional discomfort and psychosocial distress [30]. Individuals

PLOS ONE | www.plosone.org
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Table 1. Adjusted odds ratios of the baseline factors for persistent low back pain (LBP) with work disability; factors with crude
odds ratio P values<0.1.
OR Adjusted for individual OR Adjusted for individual factors and
Factors % factors® an ergonomic factor®
OR 95%ClI OR 95%ClI

Previous sick leave due to LBP No previous sick leave 76.5 1.00 1.00

Previous sick leave 235 1.92 0.99-3.74 1.94 0.98-3.86
Manual handling of materials ~ Manual handling of 79.5 1.00
at work < 20-kg objects including

desk work

Manual handling of 20.5 2.70 1.98-8.67 - -

= 20-kg objects or

working as a caregiver
Bending® Infrequent 88.7 1.00

Frequent 11.3 3.45 1.54-7.72 = °
Twisting® Infrequent 94.6 1.00

Frequent 54 435 1.80-10.52 - -
Lifting® Infrequent 89.6 1.00

Frequent 10.4 2.81 1.18-6.66 = =
Pushing® Infrequent 95.2 1.00

Frequent 4.8 3.48 1.24-9.76 = =
Hours of desk work? < 6 hours per day 53.9 1.00 1.00

= 6 hours per day 46.1 0.45 0.23-0.88 0.66 0.31-1.40
Physical workload® No stress 61.9 1.00 1.00

Stress 38.1 222 1.16-4.23 1.53 0.70-3.33
Interpersonal stress at work® No stress 78.8 1.00 1.00

Stress 21.2 2.04 1.06-3.93 1.96 1.00-3.82
Job satisfaction® Satisfied 77.3 1.00 1.00

Not satisfied 227 248 1.31-4.70 234 1.21-4.54
Depression® Not feeling depressed 64.6 1.00 1.00

Depressed 354 2.09 1.10-3.99 1.92 1.00-3.69
Somatic symptoms® No somatic symptoms 63.4 1.00 1.00

Somatic symptoms 36.6 2.99 1.55-5.75 2.78 1.44-5.40
Support from supervisors® Support 74.0 1.00 1.00

No support 26.0 1.97 1.04-3.73 201 1.05-3.85
Daily-life satisfaction® Satisfied 68.7 1.00 1.00

Not satisfied 313 1.81 0.97-3.40 1.61 0.84-3.08
Family history of LBP with No LBP with disability 74.6 1.00 1.00
disability

LBP with disability 254 2.02 1.07-3.81 1.98 1.04-3.78
OR: odds ratio, Cl: confidence interval, LBP: low back pain
?Adjusted for age, gender, obesity, smoking habits, and education.
PAdjusted for age, gender, obesity, smoking habits, education, and manual handling of materials at work.
“Bending, twisting, lifting, and pushing: = half of the day was considered frequent.
9Hours of desk work: longer than 6 hours per day was considered to be static posture.
“Work-related stress factors assessed with the brief job stress questionnaire: not feeling stressed, feeling stressed: the 5 original responses were reclassified into “not
feeling stressed”, where low, slightly low and moderate were combined, and “feeling stressed”, where slightly high and high were combined.
doi:10.1371/journal.pone.0093924.t001

with somatization often complain of pain in various locations,
functional disturbance of various organ systems, and are depressed
or overwhelmed by these symptoms. Patients falling into such a
situation are usually said to suffer from functional somatic
syndrome (FSS) [31,32]. Our results could suggest that workers
with mild LBP, under frazzled, depressed, or somatizing condi-
tions, accompanied by emotional discomfort and psychosocial
distress (e.g., low job satisfaction, little social support from
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Table 2. Multivariate-adjusted odds ratios for the persistent low back pain (LBP).

Factors Adjusted OR® 95%CI P value
Job satisfaction Satisfied 1.00

Not satisfied 2.03 1.01-4.07 0.046
Somatic symptoms No somatic symptoms 1.00

Somatic symptoms 246 1.25-4.83 0.009
Family history of LBP with disability No LBP with disability 1.00

LBP with disability 2.00 1.03-3.88 0.042

OR: odds ratio, Cl: confidence interval, LBP: low back pain.

doi:10.1371/journal.pone.0093924.t002

supervisors, and interpersonal stress at work), did not manifest
disabling back pain as a symptom of FSS at baseline, but the pain
became disabling during the following year.

A family history of persistent LBP was also suggested as a
psychosocial risk factor in this analysis. Second-hand experience of
LBP among people with whom a worker is in very close contact
(families, friends, or partners) may make it easier to imagine how
mild LBP transforms to persistent LBP. Previous research has
revealed that some people can share another person’s physical
pain experience, in both emotional and sensory components, by
just observing the other person’s pain [33,34]. Family members,
therefore, may provide reinforcement for sick behavior [35], even
though these family members do not have had any disorders, such
as back pain [36-39].

Psychosocial intervention has been reported to improve overall
well-being, as well as reducing distress and physical complaints, in
patients with LBP in Western countries [40]. This intervention is
based on the hypothesis that psychosocial factors are associated
with the transition to persistent LBP, and should be examined in
future research studies in Japan.

Limitations of the current study should be mentioned. One is
the fact that the majority of the subjects were males, and that a
broad range of Japanese occupations was not represented. The
study cohort was not a representative sample of the entire Japanese
workers in urban areas; therefore, the generalizability of the
findings may be limited. Secondly, although cognitive and
emotional aspects of back pain are known to influence disability
aggravation, some important psychosocial factors, such as the
attitudes of health care providers, and catastrophizing and fear-
avoidance beliefs, were not included in this analysis. This was
because appropriate questionnaires were not available in the
Japanese language. Future studies should include additional self-
reported outcome measures, such as results of the Fear-Avoidance
Belief Questionnaire (FABQ) [41,42] or the Tampa Scale of
Kinesiophobia (TSK) [43,44], to assess the impact of these factors
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Abstract

Background The Fear-Avoidance Beliefs Questionnaire
(FABQ) is useful for measuring fear-avoidance beliefs in
patients with low back pain (LBP); however, no psycho-
metrically validated Japanese version is available. The
objective of this study was to evaluate reliability and
validity of the Japanese version of the FABQ for use with
Japanese workers with LBP.

Methods This was conducted as a web-based survey.
Both confirmatory and exploratory factor analysis were
performed to examine domain structure of the Japanese
version of the FABQ. For reliability, internal consistency
was assessed with Cronbach’s alpha coefficient. For con-
current validity, correlation coefficients between the FABQ
and the Pain Catastrophizing Scale (PCS) were calculated.
For known-group validity, the relationship between FABQ
score and clinical variables such as pain and depression
was examined.

Results Analyses were based on responses of 1,786 adult
Japanese workers with LBP. Factor analysis using the
principal factor method with promax rotation revealed two
factors, work and physical activity, in accordance with the
domain structure of the original version of the scale. For
reliability, acceptable internal consistency was demon-
strated with Cronbach’s alpha coefficient of 0.882 and
0.783 for each subscale. For concurrent validity, signifi-
cantly moderate correlations were demonstrated between
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FABQ subscales and PCS subscales (r = 0.30-0.39). For
known-group validity, as hypothesized, significantly higher
FABQ subscale scores were observed in workers who had
stronger pain, who experienced routine work disability
with sick leave, who experienced recurrence of LBP, and
who had depressed mood.

Conclusions This analysis showed that the Japanese
version of the FABQ is psychometrically reliable and valid
to detect fear-avoidance beliefs in Japanese workers with
LBP.

Introduction

Many patients with low back pain (LBP) experience fear of
future pain. Patients with LBP who experience strong pain
may avoid certain movements or physical activities because
of exaggerated fears that pain will result in more functional
restriction [1]. The repeating cycle of pain-related fear and
avoidance behaviors can continue. Avoidance of physical
activities based on fear-avoidance beliefs leads to further
avoidance [2]. Little evidence has shown that avoidance
behavior reduces chronic LBP either on a short- or long-term
basis. Rather, fear-avoidance beliefs have been shown to play
a contributing role in the development of long-term disability
[3-5]. The Global Burden of Disease (GBD) studies done in
1990 and 2000 demonstrate that LBP is one of the leading
specific causes of years living with disability (years of life
lived in less than ideal health) [6]. A low level of fear
avoidance is the most useful item for predicting earlier
recovery [7, 8]. Avoidance of pain-inducing activities can
result in reduced muscle strength and flexibility, which may
partly contribute to a delay in recovery. Thus, chronic pain
and disability may be perpetuated by fear-avoidance beliefs
and behaviors.
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The Fear Avoidance Belief Questionnaire (FABQ),
introduced by Waddell et al. [9], is a useful measure for
assessing fear-avoidance beliefs in patients with LBP. The
Multinational Musculoskeletal Inception Cohort Study
Statement proposed that fear avoidance should be included
in the core set of factors to be measured for prospective
cohorts of patients with LBP, and the FABQ was recom-
mended as the appropriate measure to detect fear-avoid-
ance beliefs [10]. This 16-item self-report questionnaire
can assess patients’ beliefs about how physical activity and
work affect their present LBP. Factor analysis in the
development of the original version revealed two sub-
scales: work (seven items) and physical activity (four
items). The other five items are not included in the score
calculation. Patients rate their agreement with each state-
ment on a 7-point Likert scale (0 for completely disagree, 3
for unsure, 6 for completely agree). A subscale score is
calculated by the simple sum of attribute item scores.
Scores range 0—42 for the work subscale and 0-24 for the
physical activity subscale. A higher score indicates stron-
ger fear-avoidance beliefs or behaviors.

The FABQ was originally developed in English, and its
reliability and validity have been demonstrated in British
patients with LBP and/or sciatica [9]. It has been suc-
cessfully translated into several languages and is widely
used for evaluation in clinical studies [11-16]. However, a
psychometrically validated Japanese version of the FABQ
is not available. Therefore, we translated the original
English version into Japanese and validated it linguisti-
cally, aiming to introduce the FABQ in Japan [17]. In this
study, we performed a psychometric assessment of the
Japanese version of the FABQ to evaluate its reliability and
validity for use in Japanese patients with LBP.

Materials and methods
Validation sample

The data subset used in this psychometric testing was
derived from an Internet survey used to collect informa-
tion on Japanese people, including prevalence of LBP,
work-related ergonomic characteristics, and attitudes/
beliefs about LBP [18]. An Internet research company
registered 1.8 million individuals who were 20-79 years
old as monitors. These monitors were stratified by sex and
age, and 1,063,083 monitors were randomly selected in
accordance with Japanese demographic composition and
invited to participate in research on LBP by an e-mail
containing a link to the survey. Double registration as a
monitor was prevented by checking e-mail addresses and
by blocking access to the questionnaire once the respon-
der completed the survey. Among the selected monitors,

64

77,709 individuals completed the survey, which resulted
in a response rate of 7.31 %. Individuals whose reported
age was <20 or >79 were excluded when calculating LBP
prevalence, resulting in 65,496 participants. Of these,
3,220 Japanese workers who reported that they had
experienced LBP within the previous 4 weeks were con-
tacted by e-mail and invited to complete an online ques-
tionnaire. Under the assumption of a relatively low
response rate (around 30 %), our goal was to obtain at
least 1,000 completed questionnaires, and the survey was
closed on the day the number of respondents exceeded
1,000.

Based on the consensus approach to back pain definition
proposed by Dionne et al., LBP was defined as pain
localized between the costal margin and the inferior gluteal
folds that lasted for more than a day at any time during the
past 4 weeks [19]. Pain associated only with menstrual
periods, pregnancy, or during a course of a feverish illness
was not included. A definition of LBP and a diagram of the
affected area were provided within the questionnaire.

The questionnaire included the Japanese version of the
Pain Catastrophizing Scale (PCS) [20, 21], a 13-item scale
used to measure negative attitudes toward pain, involving
rumination, helplessness, and magnification. The reliability
and validity of the Japanese version were previously con-
firmed [21]. Total PCS scores range from O (no catastro-
phizing) to 52 (severe catastrophizing). The Mental Health
(MH) domain of the Short-Form Health Survey of 36
questions (SF-36) and an 11-point numerical rating scale
(NRS) were also included to assess MH and pain, respec-
tively. The survey was approved by the medical/ethics
review board of the Japan Labour Health and Welfare
Organization. Personal identifiable information, including
name, phone number, and permanent address, were not
collected. Due to the nature of this study (web-based sur-
vey), no written informed consent was obtained; however,
receiving an answered questionnaire was considered evi-
dence of consent.

Data analysis

Demographic characteristics of the validation sample were
summarized with simple descriptive analysis. In the item
analysis, the percentage of missing responses was exam-
ined for each item. We also examined whether each item’s
response distribution was strongly skewed, that is, whether
it had a floor or ceiling effect of >60 %. For construct
validity, confirmatory factor analysis (CFA) using the
principal factor method with a promax rotation was per-
formed on the original two-factor model. Both Goodness
of Fit Index (GFI) and Adjusted GFI (AGFI) of >0.9 are
considered a reflection of good fit. Exploratory factor
analysis (EFA) was also used as necessary. For convergent
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and discriminant validity, multitrait analysis was used. For
each item, if the correlation coefficient between the score
of the individual item and the subscale score to which that
item was attributed (subscale score except for that item) is
not extremely low, convergent validity is judged as
acceptable. Also, for each item, if the correlation coeffi-
cient between the score of the individual item and the
subscale score to which that item is attributed is greater
than the correlation coefficients between the score of that
item and the other subscale score to which that item is not
attributed, then discriminant validity is judged as accept-
able. With regard to internal consistency, the homogeneity
of the items in each subscale was evaluated using Cron-
bach’s alpha statistic. Cronbach’s alpha coefficient of 0.7
or higher for both subscales is needed to claim that the
FABQ is internally consistent [22]. Concurrent validity
was evaluated using Spearman’s rank correlation coeffi-
cient with the PCS. According to the criterion of corre-
lation strength in the psychometric validation proposed by
Cohen, the correlation coefficient was judged as follows:
0.1, weak correlation; 0.3, medium correlation; and 0.5,
strong correlation [23]. For the known-group validity,
relationships between selected variables and subscale
scores were examined using the 7 test or analysis of var-
iance (ANOVA), depending on the number of categories
in a selected variable. If a statistically significant differ-
ence was found with ANOVA, then Tukey—Kramer mul-
tiple comparison was used to identify specific differences
between pairs of groups. We hypothesized that workers
who met the following attributes would show significantly
higher FABQ scores: (1) workers with greater pain, (2)
workers who experienced work disability with sick leave,
(3) workers with more episodes of LBP, and (4) workers
with depressed mood. In terms of pain, workers were
categorized by the degree of pain as assessed using an
NRS (0 = no pain to 10 = worst pain imaginable). The
group in the first tertile was categorized as having slight
pain, the second tertile as having moderate pain, and the
third tertile as having severe pain. With regards to sick
leave, if workers had to miss work due to LBP at least 1
day during 4 weeks, it is considered sick leave. In terms
of the number of LBP episodes, if workers experience
LBP after at least 1 month of being pain free, it is con-
sidered recurrence [24]. Depressed mood was assessed
using the SF-36 Mental Health domain [25, 26]. A score
of <52 was considered as depressed mood (range 0-100,
low scores indicate more psychological distress) [27]. All
statistical tests were two-tailed, and the level of signifi-
cance was set at 0.05. Statistical calculations were per-
formed using SAS version 9.2 (SAS Institute, Cary, NC,
USA).
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Table 1 Clinical characteristics of the patient sample used for psy-
chometric validation of the Japanese Fear-Avoidance Beliefs Ques-
tionnaire (N = 1,786)

Characteristics Statistics (%)
Sex
Male 900 (50.4)
Age, year
20-39 603 (33.8)
40-59 621 (34.8)
>60 562 (31.5)
Educational background
College/technical college/high school/ 951 532)
junior high
University or higher 825 46.2)
Not applicable 10 0.6)
Pain (NRS), mean & SD 29+23
Presence of disability
No 544 (30.5)
Yes with no sick leave 801 (44.8)
Yes with sick leave 441 24.7)
Job category
White collar 687 (385)
Blue collar 273 (15.3)
Other 826 46.2)
FABQ score, mean + SD
Work subscale 16.3 + 9.8
Physical activity subscale 149 £ 4.7
PCS score, mean 4 SD 24.6 £ 10.9
MH subscale score in SF-36, mean = SD 55.1 +£ 209

Unless otherwise specified, n (%) is shown

NRS numerical rating scale (0-10, higher score indicates greater
pain), FABQ Fear-Avoidance Belief Questionnaire (042 for work
subscale and 0-24 for physical activity subscale. A higher score
indicates stronger fear-avoidance beliefs or behaviors), PCS Pain
Catastrophizing Scale (0-52, a higher score indicates severe catas-
trophizing), MH Mental Health (0-100, a lower score indicates more
psychological distress), SF-36 Short-Form Health Survey with 36
questions, SD standard deviation

Results
Patient background

Overall, 1,786 workers were analyzed, and their charac-
teristics are shown in Table 1. Mean age was 48.7 years,
and 50.4 % were men. FABQ scores [mean =+ standard
deviation (SD)] were 16.3 £ 9.8 for the work subscale and
14.9 £+ 4.7 for the physical activity subscale. Scores in the
PCS and MH of the SF-36 were 24.6 £ 109 and
55.1 £ 20.9, respectively.
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Item analysis

There was no missing response in any item. Neither floor
nor ceiling responses were observed in the distribution of
responses, although skewed distribution was found in items
8, 15, and 16 (responses for completely disagree were 47.9,
48.6, and 55.2 %, respectively).

Factor analysis

CFA was performed on the original two-factor model, and
GFI and AGFI were 0.84 and 0.76, respectively, indicating
that there was no evidence of good fit. Thus, further
assessment was performed using EFA with promax rota-
tion. As a result, the eigenvalue was >1 with the two-factor
model (i.e., 1.36), and all items were clearly regressed to
the same factors as the original version, with factor-loading
values >0.4 (Table 2). In addition, the result of multitrait
analysis demonstrated satisfactory convergent and dis-
criminant validity (Table 3). For these reasons, we conse-
quently adopted the two-factor model. Also, no floor/
ceiling effects were observed in the subscales (9.7 and
1.0 % for the work subscale; 1.5 and 5.2 % for the physical
activity subscale).

Reliability

Cronbach’s alpha coefficient was 0.882 for the work sub-
scale and 0.783 for the physical activity subscale, indicat-
ing sufficient internal consistency.

Concurrent validity

Correlation coefficients between FABQ subscales and the
PCS were calculated to examine concurrent validity. The
work subscale moderately correlated with the PCS total
score, the helplessness subscale, and the magnification
subscale (r=0.38, 0.39, and 0.34, respectively;
P < 0.0001 for all). The physical activity subscale mod-
erately correlated with the PCS total score, the rumination
subscale, and the magnification subscale (r = 0.36, 0.36,
and 0.30, respectively; P < 0.0001 for all).

Known-group validity

The relationship with variables that may affect the FABQ
score was examined. As hypothesized, significantly higher
FABQ subscale scores were observed in workers with
stronger pain, workers who experienced work disability
with sick leave, workers who experienced recurrence of
LBP, and workers with depressed mood (Fig. 1).
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Table 2 Rotated factor pattern (standardized regression coefficient)

Item Factor Factor
1 2
Factor 1: fear-avoidance beliefs about work
6 My pain was caused by my work 0.611 —0.005
or by an accident at work
7 My work aggravated my pain 0.770 0.023
9 My work is too heavy for me 0.760 —0.041
10 My work makes or would make 0.904 —0.002
my pain worse
11 My work might harm my back 0.884 0.019
12 I should not do my normal work 0.669 0.087
with my present pain
15 I do not think that I will be back 0.444 0.014
to my normal work within 3 months
Factor 2: fear-avoidance beliefs about physical activity
2 Physical activity makes my pain worse 0.017 0.799
3 Physical activity might harm my back 0.013 0.843
4 1 should not do physical activities —0.009 0.633
which (might) make my pain worse
5 I cannot do physical activities which 0.028 0.493

(might) make my pain worse

Table 3 Convergent and discriminant validity: correlation coeffi-
cients for question items and domain score (Spearman’s correlation)

Item Factor  Factor
1 2
Factor 1: fear-avoidance beliefs about work
6 My pain was caused by my work or by an 0.565 0.217
accident at work
7 My work aggravated my pain 0.720  0.306
9 My work is too heavy for me 0.711  0.230
10 My work makes or would make my pain 0.786  0.328
worse
11 My work might harm my back 0.771  0.338
12 I should not do my normal work with my 0.659  0.336
present pain
15 I do not think that I will be back to my normal 0.417  0.166
work within 3 months
Factor 2: fear-avoidance beliefs about physical activity
2 Physical activity makes my pain worse 0326  0.577
3 Physical activity might harm my back 0.335  0.625
4 1 should not do physical activities which 0.228  0.563
(might) make my pain worse
5 I cannot do physical activities which (might) 0.233  0.416

make my pain worse

Subscale scores were computed excluding the scores for items within
a factor
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FABQ
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20

Pain (NRS)
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a
18 |

16 |

14
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Work subscale Physical activity subscale

O Slightly (n=559)
@ Moderate (n=479)
W Severe (n=748)

FABQ
Score

20

Recurrence of LBP

18 -

16 -

14 -

12 4

10

Work subscale Physical activity subscale
0 =4 times (n=573)
W =5 times (n=1213)

NRS: numerical rating scale, LBP: low back pain.
*P <0.05

FABQ
Score

20

Work Disability

1

Work subscale Physical activity subscale
O No disability (n=544)
O Disability without sick leave (n=801)
W Disability with sick leave (n=441)

18 4 *

*

16 - x

14 4

12 4

10 1

FABQ
Score

20

Depressed Mood

18 4

16 -

14 -

12 4

10

Work subscale Physical activity subscale
O Less depressed mood (n=839)
m More depressed mood (n=949)

Fig. 1 Known-group validity: Fear-Avoidance Beliefs Questionnaire scores and associated variables: P values were calculated by Tukey—
Kramer method for pain and routine work disability, and the ¢ test was used to evaluate recurrence of low back pain (LBP) and depression

Discussion

Before the analysis performed in this study, we proposed a
linguistically validated Japanese version of the FABQ [17],
which was assured by following a standardized manner for
developing a translated questionnaire [28]. In the study
reported here, we assessed its psychometric properties. In
the factor analysis conducted in a confirmatory manner,
goodness of fit indicators did not satisfy the preset level.
However, EFA revealed a two-factor solution consistent
with the original questionnaire. In general, it is preferable
that a translated version of a specific questionnaire main-
tains the same domain structure as the original version to
enable comparison of data derived from different translated
versions. Taking this into account, a two-factor model of
the FABQ (work and physical activity subscales) was
finally adopted in the Japanese version. Our decision in
selecting the two-factor model was supported by the fact
that reliability of the measure was demonstrated. As an
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index to assess reliability, a sufficient internal consistency
with Cronbach’s alpha statistic of 0.882 and 0.783,
respectively, for the subscales was demonstrated. Internal
consistency in the Japanese version was considered suffi-
cient to be in agreement with the original version (Cron-
bach’s alpha of 0.88 and 0.77) [9].

For known-group validity, as hypothesized, relevance
was observed between FABQ score and variables that
might affect the scores, including the degree of pain, work
disability with sick leave, recurrence of LBP, and depres-
sed mood. Similarly, in the development of the original
version, significant correlations of FABQ were observed
for pain severity (r = 0.23 for the work subscale), work
loss in the past year (r = 0.55 for the work subscale, 0.23
for the physical activity subscale), and depressive symp-
toms (r = 0.41 and 0.34, respectively) [9].

Avoidance behavior led by fear and avoidance beliefs in
patients with LBP contributes to the development of
chronic disability. In fact, fear-avoidance behavior was
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shown to be an important risk factor for chronicity. Thus,
encouraging patients to change their beliefs and behaviors
has become more important in managing LBP, especially
in the early phase. In recent guidelines for managing
nonspecific, acute LBP, continuing normal daily activity is
recommended and bed rest is discouraged [29]. To help
reduce pain-related fear, it is important to focus on edu-
cating patients that pain is a common condition and is self-
manageable, along with gradual exposure to activities,
rather than on imaging findings leading to the development
of fear-avoidance behavior. The FABQ enables clinicians
to detect patient fear-avoidance beliefs and helps to
establish an effective management program to prevent
chronic LBP on an individual basis.

Limitations of this study should be noted. The use of the
Internet to recruit participants could have contributed to
selection bias, although the large sample size that this
method allowed is a major strength of this study. However,
we must also consider the issue of sample representative-
ness in this study. Our validation population might not
represent a wide range of workers throughout the nation.
Workers who can access the Internet might represent a
particular socioeconomic status, such as being possibly
wealthier, better educated, or relatively younger. We
decided to recruit participants using the Internet, taking
into account both costs and feasibility. Our strategy may
invite criticism regarding generalizability of the results.
Although results demonstrating the sufficient psychometric
properties of the Japanese version of the FABQ as a
measure might partly support the adequacy of the sample,
it is still possible that good psychometric properties could
have been demonstrated in an unrepresentative sample.
Concerning the use of online questionnaires, the compa-
rability of online testing to paper and pencil forms in
regards to psychometric properties has been demonstrated
[30, 31]. It should be noted that test—retest reliability over
certain time intervals remains unknown. Also, respon-
siveness cannot be assessed in this study due to the cross-
sectional nature of the data. Future studies would be
helpful to assess the test-retest reliability and responsive-
ness of the Japanese version of the FABQ.

Results of the analysis presented here show that the
Japanese version of the FABQ is psychometrically reliable
and valid as a measure to detect fear-avoidance beliefs in a
Japanese population with LBP. The Japanese version of the
FABQ has the same domain structure as the original ver-
sion (work and physical activity subscales), enabling
comparisons with data derived using the original version.
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Abstract Keywords

Objectives. This study aimed to estimate the prevalence, magnitude, and direction of the asso-  Disability, EQ-5D, Low back pain, Multisite
ciations among disability, pain intensity, number of pain sites, and health-related quality of life pain, Sick leave

(HRQol) in patients reporting low back pain (LBP) as their primary pain.

Methods. In January 2009, an Internet survey was performed for randomly selected adults aged ~ History

20-79 years who were registered as Internet research volunteers. Of 20 044 respondents, indi-  Received 27 December 2012
viduals with LBP as the primary pain were analyzed for associations among disability, number of  Accepted 25 March 2013

pain sites, and HRQoL. Factors associated with low HRQoL were examined using multiple logistic  published online 10 April 2013
regression modeling.

Results. Of the 20 044 respondents, 25.2 % (n = 5060) reported LBP and 13.5 % (n = 2696) reported

LBP as their primary pain. Among those with LBP as the primary pain, HRQoL decreased with

increase in disability and number of pain sites. In multivariate analyses, disability [adjusted odds

ratio (aOR), 2.93-4.58], number of pain sites (aOR, 1.42-6.12), pain intensity =7 (aOR, 1.88), and

age =60 years (aOR, 1.55) were associated with low HRQoL.

Conclusions. Approximately 13.5 % of patients reported LBP as their primary pain. Disability with

absence from social activity and =7 pain sites were strongly associated with low HRQoL.

Introduction Therefore, the aim of this study was to estimate the prevalence,
magnitude, and direction of the associations among disability, pain
intensity, number of pain sites, and HRQoL in those reporting
LBP as their primary pain in the pain-associated cross-sectional
epidemiological (PACE) survey, which covers a large Japanese
population.

Low back pain (LBP) is a common [1], costly [2], and, at times,
disabling [3] condition that can lead to disability and sick
leave from work or school. Pain at this site often fluctuates over
time with frequent recurrences or exacerbations [4, 5]. The preva-
lence of LBP has been reported to range from 12-33 % [4] due
to the methodologic heterogeneity across LBP prevalence stud-
ies [6, 7]. LBP is the most frequent and most expensive cause of
work-related disability [8] and can affect health-related quality of  Subjects
life (HRQoL). LBP is a part of musculoskeletal pain [9, 10], but
only one-sixth to one-third of individuals who suffer from LBP
have LBP as their only pain source. Most LBP respondents also
have pain at other sites [10]; this pain could be the primary reason
for their disability. Moreover, a positive correlation was reported
between the number of pain sites and functional problems in a
large clinical study [9]. However, the prevalence and the impact
of working disability and number of pain sites on HRQoL in those
who have LBP as the primary pain have not been well examined.

Materials and methods

The PACE survey was a cross-sectional Internet survey designed
to evaluate the prevalence and characteristics of musculoskeletal
pain in a large Japanese population. The study was performed
over 10-18 January, 2009. Respondents were recruited at random
from 1 477 585 research volunteers who were registered with an
Internet survey company (Rakuten Research Inc., Tokyo, Japan),
consistent with the Japanese demographic composition [11]. An
invitation to participate in the research was sent through an e-mail
containing a link to the survey. Double registration was prevented
by checking the e-mail address and disabling the link to the ques-
tionnaire once the responder completed the survey. Forms were

Correspondence to: Koji Yamada, Department of Orthopaedic Surgery, conflgured to guton}atioally reject incomp lete que'stionnaires. An

Faculty of Medicine, The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, additional credit point for Internet shopping was given as a finan-

Tokyo 113-0033, Japan. Tel: +81-3-3815-5411. Fax: +81-3-3818-4082.  cial incentive to the responders. On 18 January, 2009, the survey

E-mail: forpatients2008 @ gmail.com was closed when the number of respondents reached 20 063; thus,
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the response rate is not relevant in this survey. Individuals whose
reported age was <20 years or >79 years were excluded; thus,
20 044 participants were retained. This study was approved by
Keio University’s institutional review board.

Measures

The questionnaire included questions regarding musculoskeletal
pain in the previous month and various individual factors. The
respondents were asked about the characteristics of their muscu-
loskeletal pain, such as the pain site(s), pain intensity at each site,
site of the primary pain, duration of the primary pain, and disability
due to the primary pain. Pain intensity was scored with a numeric
rating scale (NRS) comprising 11 points (0 = no pain, 10 = worst
pain imaginable). Disability was classified into three categories
using a modified graded chronic pain scale (GCPS) [12], based on
disability for social activity, such as work, school, and housework.
Those with LBP and no disability were classified as modified
GCPS grade 1, those with LBP and disability for social activity
as modified GCPS grade 2, and those with LBP and disability
leading to absence from social activity as modified GCPS grade 3.
Respondents were asked about their demographic characteristics,
including age, sex, occupational status, and HRQoL. HRQoL was
measured using the Japanese EQ-5D instrument [13].

Definition of LBP

LBP was defined as pain experienced (over the previous month)
below the costal margin and above the inferior gluteal folds, as
described on the full-body manikin (Fig. 1, site 13), excluding
those with pain around the anus (Fig. 1, site 21). Chronic LBP was
defined as pain lasting =3 months.

EQ-5D

The EQ-5D instrument is a standardized general system for describ-
ing and valuing HRQoL [14]. It has good reliability and validity,

Fig. 1 The full-body manikin used in the pain-associated cross-sectional
epidemiological (PACE) survey. Low back pain was defined as pain
experienced below the costal margin and above the inferior gluteal folds,
described as site number 13, excluding those with pain around the anus
(site number 21)
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and comprises five dimensions (mobility, self-care, usual activity,
pain/discomfort, anxiety/depression) that are rated on three levels
(1 = no problem, 2 = some problem, 3 = extreme problem); thus,
it generates 243 theoretically possible health states (11111 = full
health, 33333 = most extreme state).

Statistical analysis

First, the 1-month prevalence was calculated for those who had
any LBP, LBP as the primary pain, and LBP as the only pain
source (localized LBP). Further analyses were performed for those
reporting LBP as their primary pain site using SPSS version 18
(IBM Corp., Armonk, N.Y., USA). Spearman’s rho correlation
coefficient was used to assess the correlations among HRQoL
(EQ-5D score), disability, number of pain sites (other than LBP),
and pain intensity (NRS score). For logistic regression analysis,
the lowest 20 % of the EQ-5D scores in the total study population
of the PACE survey was used as the dependent variable. A two-
sided 5 % significance level was used in all statistical tests.

Results
LBP prevalence

Of the 20 044 respondents, 9746 (48.6 %) were men, and the
overall mean score on the EQ-5D was 0.850 [standard error (SE),
0.001] with a ceiling effect of 45.7 % (9165 respondents; Table 1).
The 1-month prevalence of LBP was 25.2 % (5060 respondents),
of which only approximately half (2696 respondents; 13.5 % of all
respondents) reported LBP as their primary pain and about one-
seventh (706 respondents; 3.5 % of all respondents) reported LBP
as their only pain source.

HRQol in those with LBP as the primary pain

Further analyses were conducted for those with LBP as their
primary pain. Of the 2696 respondents who reported LBP as the
primary pain, 53.8 % (n = 1,424) were men, 78.1 % (n = 2,106)
had chronic pain, 55.3 % (n = 1,491) reported LBP and no dis-
ability (modified GCPS grade 1), and 44.7 % (n = 1,205) reported
disability for social activity with or without absence from social

Table 1. Characteristics of the total study population (n = 20,044)

Characteristic n (%)
Age group (years)
20-29 1,981 (9.9)
30-39 3,903 (19.5)
40-49 3,923 (19.6)
50-59 4,328 (21.6)
60-69 4,126 (20.6)
70-79 1,783 (8.9)
Mean = SD 49.0 = 14.2
Sex
Male 9,746 (48.6)
Occupational status
Worker 10,597 (52.9)

Housework and/or retired 7,655 (38.2)

Other (including student) 1,792 (8.9)
LBP prevalence

Any LBP? 5,060 (25.2)

LBP as primary pain® 2,696 (13.5)

Localized LBP¢ 706 (3.5)
EQS5D score, mean = SE 0.850 *+ 0.001
Ceiling effect 9,165 (45.7)

LBP Low back pain, SE standard error

2Prevalence of respondents with LBP

YPrevalence of respondents with LBP as the primary pain site
“Prevalence of respondents with LBP as the only pain source
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Table 2. Overall and by sex characteristics of respondents with LBP as the primary pain

Characteristic

Overall, n (%; n = 2696)

Men, n (%; n = 1424) Women, n (%; n = 1272)

Age group (years)
20-29 196 (7.3)
30-39 476 (17.7)
40-49 597 (22.1)
50-59 596 (22.1)
60-69 537 (19.9)
70-79 294 (10.9)
Mean = SD 50.2 = 13.8
Occupational status
Worker 1,459 (54.1)
Housework and/or retired 1,013 (37.6)
Other (including student) 224 (8.3)
Duration of LBP
Acute (<3 months) 526 (19.5)
Chronic (>3 months) 2,106 (78.1)
Unknown/refused to answer 64 (2.4)
Disability
Grade 1* 1,491 (55.3)
Grade 2° 876 (32.5)
Grade 3¢ 329 (12.2)
NRS score (mean = SE) 5.0=*0.0
Number of pain sites other than LBP (mean = SE) 1.8 £0.0

EQ5D score (mean *+ SE)

0.776 + 0.003¢

80 (5.6) 116 (9.1)
229 (16.1) 247 (19.4)
298 (20.9) 299 (23.5)
287 (20.2) 309 (24.3)
295 (20.7) 242 (19.0)
235 (16.5) 59 (4.6)

524 * 143 47.8 =129
916 (64.3) 543 (42.7)
395 (27.7) 618 (48.6)
113 (7.9) 111 (8.7)
281 (19.7) 245 (19.3)

1,123 (78.9) 983 (77.3)

20 (1.4) 44 (3.5)

808 (56.7) 683 (53.7)

445 (31.3) 431 (33.9)

171 (12.0) 158 (12.4)

48 *0.1 52+0.1

1.6 = 0.0 2.1 =0.1
0.779 =+ 0.004 0.772 = 0.004

LBP Low back pain, NRS numeric rating scale, SE standard error

2LBP without disability for social activity, such as work, school, and housework
b BP with disability for social activity, such as work, school, and housework
‘LBP with disability leading to absence from social activity, such as work, school, and housework

9EQSD score was significantly lower than that of the total study population (unpaired ¢ test, P < 0.01)

activity (Table 2). The mean EQ-5D score was 0.776 (SE, 0.003),
which was significantly lower than that of the total study popula-
tion (unpaired 7 test, P < 0.01).

Next, the associations among HRQoL, number of pain
sites, and pain intensity according to disability were analyzed
(Table 3). We found that HRQoL decreased (Spearman’s rank
correlation coefficient, —0.371; P < 0.01) while pain inten-
sity increased (Spearman’s rank correlation coefficient, 0.418;
P < 0.01) with higher disability. An increase in the number of
pain sites was seen only between grade 1 and grade 2 disabilities
(Table 3). Based on further evaluation of HRQoL stratified by
age, sex, and disability, mean EQ-5D scores generally were lower
in those with higher age and higher disability, and in women
(Table 4).

Further analyses were conducted to evaluate the associa-
tion among each variable stratified by the number of pain sites
(Table 5). The number of respondents with LBP as a part of mul-
tisite pain was approximately 6.2 times larger than the number of
those with localized LBP. In this analysis, HRQoL showed a nega-
tive correlation with the number of pain sites (Spearman’s rank
correlation coefficient, —0.256; P < 0.01). HRQoL was highest
when the pain was localized, and lowest when the number of pain
sites was = 7. The proportion of those with disability for social
activity (modified GCPS grades 2 and 3) and pain intensity also
showed a positive correlation with the number of pain sites (Spear-
man’s rank correlation coefficient, 0.184 and 0.359, respectively;
both P < 0.01).

Factors associated with low HRQoL

In multivariate analyses adjusted by modified GCPS, number of
pain sites, sex, age, and pain intensity, all the variables except sex
were positively associated with low HRQoL (Table 6). The odds
were higher as both disability and number of pain sites increased.
Disability with absence from social activity and number of pain
sites = 7 had a strong relationship with low HRQoL. Similar trends
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were observed in both men and women; however, the impacts of
absence from social activity and number of pain sites = 7 were
stronger in women than in men.

Discussion

In the present study, the 1-month prevalence of LBP was 25.2 %
(5060 respondents), which is similar to that reported by Suzukamo
and colleagues [15], who noted 30.6 % as the 1-month prevalence
in Japan. Interestingly, of the 5060 respondents, only approxi-
mately half (2696 respondents; 13.5 % of all respondents) reported
LBP as their primary pain, with the majority reporting chronicity.
Recently, LBP has been recognized as a part of widespread mus-
culoskeletal pain. Natvig and colleagues [10] reported that only

Table 3. Mean number of pain sites other than LBP, EQSD score, and NRS
score based on the disability of respondents with LBP as their primary
pain

Disability No. of pain sites

(modified EQ5D scored  other than LBP  NRS score®
GCPS) n (mean * SE)  (mean * SE) (mean = SE)
Grade 1* 1,491 0.817 = 0.003 1.5 = 0.0 42 +0.0
Grade 2° 876 0.736 = 0.004 2.3 *+0.1 5.8+0.1
Grade 3¢ 329 0.694 = 0.009 2.3 *0.1 6.5+ 0.1

GCPS Graded chronic pain scale, LBP low back pain, NRS numeric rating
scale, SE standard error

“LBP without disability for social activity, such as work, school, and
housework

YLBP with disability for social activity, such as work, school, and
housework

‘LBP with disability leading to absence from social activity, such as work,
school, and housework

dEQSD score showed a negative correlation with higher disability
(Spearman’s rank correlation coefficient, -0.371; P < 0.01)

°NRS score showed a positive correlation with higher disability
(Spearman’s rank correlation coefficient, 0.418; P < 0.01)
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Table 4. Mean EQ5D score based on age, sex, and disability of respondents with LBP as the primary pain

Disability Total (Grades 1 + 2 + 3) Grade 12 Grade 2° Grade 3¢

Sex Age (years) n Mean SE n Mean q n Mean SE n Mean  SE

All 20-29 196 0.797 0.009 110 0.822 0.011 69 0774 0.015 17 0.732  0.043
30-39 476 0.785 0.006 236 0.828 0.008 173 0.756 0.009 67  0.706  0.021
40-49 597 0.789 0.005 311 0.830 0.007 213 0.757 0.009 73 0.712  0.017
50-59 596 0.777 0.006 360  0.817 0.006 172 0.727 0.010 64  0.686  0.021
60-69 537 0.770 0.006 320  0.814 0.007 155 0.714 0.010 62  0.683  0.021
70-79 294 0.729 0.008 154 0.782 0.009 94  0.676 0.010 46 0.659  0.026
Total 2,696 0.776 0.003 1,491 0.817 0.003 876  0.736 0.004 329 0.694 0.009

Male 20-29 80 0.812 0.015 51 0.822 0.017 24 0.781 0.031 5 0.850  0.062
30-39 229 0.794 0.009 114 0.837 0.011 80  0.772 0.013 35 0.702  0.033
40-49 298 0.796 0.008 159 0.828 0.009 109 0.757 0.013 30 0.764  0.027
50-59 287 0.781 0.008 172 0.820 0.009 81 0.725 0.014 34 0718  0.024
60-69 295 0.778 0.008 180  0.817 0.009 80  0.722 0.013 35 0.701  0.022
70-79 235 0.734 0.008 132 0.781 0.009 71 0.666 0.011 32 0.689  0.034
Total 1,424 0.779 0.004 808 0.817 0.004 445  0.734 0.006 171 0.718  0.013

Female 20-29 116 0.787 0.012 59  0.822 0.015 45  0.770 0.017 12 0.682  0.050
30-39 247 0.777 0.008 122 0.820 0.011 93  0.743 0.012 32 0710  0.024
40-49 299 0.783 0.008 152 0.832 0.010 104 0.756 0.011 43 0.676  0.021
50-59 309 0.773 0.008 188 0.814 0.008 91  0.730 0.014 30 0.650 0.034
60-69 242 0.760 0.010 140 0.809 0.011 75 0.706 0.015 27 0.659  0.040
70-79 59 0.708 0.020 22 0.787 0.034 23 0.704 0.020 14 0.590  0.035
Total 1272 0.772 0.004 683 0.818 0.005 431 0.738 0.006 158  0.668  0.013

LBP Low back pain, SE standard error

2LBP without disability for social activity, such as work, school, and housework
b BP with disability for social activity, such as work, school, and housework
¢LBP with disability leading to absence from social activity, such as work, school, and housework

25 % of 893 participants who reported LBP during the previous
week had localized LBP. In our study, the number of those with
LBP as a part of multisite pain was about 6.2 times larger than
the number of those with localized LBP. Previous studies [9, 10]
have reported that many LBP respondents have pain elsewhere,
which could be the primary reason for their disability. Therefore,
we focused on LBP respondents reporting LBP as their primary
pain for further analyses in this study.

In the present study, the mean EQ-5D score of those with LBP as
their primary pain was 0.776 (SE, 0.003), which was significantly
lower than that of the total study population [0.850 (SE, 0.001);
P < 0.01], and slightly lower than the average score of patients
with stage 5 chronic kidney disease (CKD) in Japan (0.798; 95 %
CI, 0.757-0.839) [16]. Since stage 5 CKD represents established
kidney failure, the similar HRQoL obtained in the present study
indicates that the HRQoL of those who suffer from LBP could

Table 5. Proportion of LBP with disability, and mean EQ5D and NRS
scores based on number of pain sites other than LBP in respondents with
LBP as the primary pain

Number of pain LBP with

sites other than EQS5D score*  working NRS score®
LBP n (mean *+ SE)  disability® (%) (mean *+ SE)
0 706 0.813 = 0.005 35.7 4.1 *0.1
1-3 1,582 0.776 = 0.003 44.0 51=*0.1
4-6 325 0.729 = 0.007 59.7 6.1 +0.1
=7 83 0.644 = 0.014 75.9 7.1+0.2
Total 2,696 0.776 = 0.002 44.7 5.0*=0.0

LBP Low back pain, NRS numeric rating scale, SE standard error

2EQSD score showed a negative correlation with the number of pain
sites other than LBP (Spearman’s rank correlation coefficient, —0.256;
P <0.01)

"Proportion of those with working disability (modified graded chronic
pain scale grade 2 or 3 disability) showed a positive correlation with
the number of pain sites other than LBP (Spearman’s rank correlation
coefficient, 0.184; P < 0.01)

°NRS score showed a positive correlation with the number of pain
sites other than LBP (Spearman’s rank correlation coefficient, 0.359;
P <0.01)
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be as low as, or even lower than, those who are candidates for
hemodialysis.

Generally, lower HRQoL is reported with higher disability in
LBP patients [8, 17, 18]. Kovacs and colleagues revealed a nega-
tive correlation between the Rolland Morris Disability Question-
naire and the EQ-5D in LBP [8, 18]. In the present study, we used
the GCPS [12], a well validated scale for assessing LBP disability,
with minor revision. The revision was made to focus on disability
and absence from social activity because the impacts of these dis-
abilities on HRQoL have not been well examined. In our study,
there was a negative correlation between disability and HRQoL,
as in previous studies [8, 17, 18]. The differences in the mean
EQ-5D scores between those with and those without disability and
absence were 0.08 and 0.04, respectively. Interestingly, the differ-
ences were similar to the minimal clinically important difference
reported in previous studies (0.033-0.074) [19, 20]. Collectively,
these data suggest that the presence of disability for social activity
and its severity regarding absence might have a significant mean-
ing for those who suffer from LBP. Therefore, improvement of
these disabilities might represent a clinically important difference,
which needs further investigation.

In our study, HRQoL decreased as the number of pain sites
increased, thus showing a negative correlation, whereas the pro-
portion of disability and pain intensity increased as the pain sites
increased. Kamaleri and colleagues [9] revealed that single-site
pain did not have a large impact on physical fitness, feelings, or
daily and social activities, and that functional problems increased
markedly, in an almost linear manner, with increase in number
of pain sites. From another study, the widest variation in health-
related functioning, such as the items on the short form-36, was
observed by the number of pain sites, with lower function seen with
increase in number of pain sites [21]. LBP patients also have lower
general health, poorer function, and poorer long-term work disabil-
ity when their LBP is accompanied by multisite pain [10, 22, 23].
Our findings are consistent with those of previous reports, show-
ing a similar relationship among pain intensity, disability, HRQoL,
and number of pain sites in LBP responders. The reason why the
majority of those with LBP as their primary pain also reported mul-
tisite pain could be the generalized hyperalgesia known to exist in
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Table 6. Logistic regression analysis (dependent variable = lowest 20 % of EQ5D scores in total study population)
Total? Male® Female®
95 % CI 95 % CI 95 % CI

Variable Adjusted odds Lower Upper P value Adjustedodds Lower Upper P value Adjustedodds Lower Upper P value
Modified GCPS

Grade 1 1.000 1.000 1.000

Grade 2 2.930 2393 3.589 <0.001 3.151 2.377 4177  <0.001 2.750 2.052 3.686  <0.001

Grade 3 4.580 3488  6.013 0.001 3.789 2.603 5.517 <0.001 5.642 3.780 8.420 <0.001
No. of pain sites other than LBP

0 1.000 1.000 1.000

1-3 1.420 1.128 1.786 0.003 1.173 0.873 1.576 0.290 1.850 1.275 2.685 0.001

4-6 2.367 1733 3.232  <0.001 2.146 1.365 3.375 0.001 2.856 1.816 4492  <0.001

=7 6.124 3.541 10.589 <0.001 4.579 2.010 10432 <0.001 8.426 3970 17.882 <0.001
Sex

F/IM 1.044 0.868 1.256 0.644

Age (years)

<60 1.000 1.000 1.000

=60 1.545 1.271 1.879  <0.001 1.598 1.234 2.068 <0.001 1.485 1.097 2.011 0.010
NRS score

<7 1.000 1.000 1.000

=7 1.883 1.541 2300 <0.001 2.129 1.608 2.820  <0.001 1.650 1.238 2.200 0.001

CI Confidence interval, F female, GCPS graded chronic pain scale, LBP low back pain, M male, NRS numeric rating scale
Multivariate analysis adjusted by modified GCPS, number of pain sites other than LBP, sex, age, and NRS score
®Multivariate analysis adjusted by modified GCPS, number of pain sites other than LBP, age, and NRS score

LBP patients [24]. Compared with healthy control subjects, LBP
patients exhibit significantly lower pressure pain thresholds at all
sites [25, 26]. The continuous nociceptive input might initiate
central sensitization [27], which could develop widespread pain in
those with LBP as their primary pain [24, 27].

In multivariate analyses, after adjusting for all the variables,
modified GCPS grade, number of pain sites, age =60 years, and
pain intensity were found to be associated with low HRQoL.
Among these variables, disability with absence from social activity
and =7 pain sites showed a stronger association than pain intensity
(NRS score =7) and age =60 years. A similar tendency was seen
in both men and women, highlighting the importance of multisite
pain and disability in those who suffer from LBP. Although our
study had limitations (due to its cross-sectional design), we believe
the strong relationships seen in our study are noteworthy. Based on
our results, occupational management [28, 29] focusing on return-
ing to work, and management of multisite pain might have a more
significant effect on HRQoL improvement than the management
of pain itself in those who suffer from LBP. Further study is neces-
sary to evaluate the effects of such management.

The strengths of our study include the large size of the popula-
tion sample used to estimate the prevalence of those with LBP as
their primary pain, and the magnitude of the associations among
disability, pain intensity, number of pain sites, and HRQoL without
any missing data. Some results support the validity of the PACE
survey. First, the mean EQ-5D score of the PACE survey was
similar to that found in a well-designed general population study
(0.835) [30]. Second, the ceiling effect of the EQ-5D seen in the
total study population also was similar to that reported in previous
studies (42.5-47.0 %) [30-32]. Third, the percentage of those with
LBP was similar to that reported previously in Japan [15]. Fourth,
the percentage of workers in the total study population (52.8 %)
was similar to that announced by the Japanese Ministry of Internal
Affairs and Communications in 2009 (56.9 %) [11].

Some limitations in our study are notable, however. First, the
selection bias due to the nature of an Internet survey needs to be
addressed [33]. Although the study was conducted nationwide,
using one of the largest domestic Internet survey companies,
the volunteers from whom our sample was drawn were over-
representative of people living in large cities, compared with
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the general population. Since LBP prevalence has geographic
differences, with higher rates in urban populations than rural
populations [34], caution is needed when interpreting the results
of this study. Second, those who participate as Internet research
volunteers may differ from the general population, and even
from general Internet users. These potential differences could
have affected the prevalence of LBP. Third, regarding the type
of questionnaire, although a previous study reported that a Web-
based questionnaire had adequate reliability compared with
the paper-and-pencil version, even for older rural women [35],
the mode of administration could affect the nature and rate of
response [36]. Fourth, because this was a cross-sectional study,
inferences cannot be drawn about causality.

In an Internet-based survey conducted in the United States,
more than 27 000 individuals responded with a high response
rate (75.7 %). The authors used a nationally representative Web-
enabled panel of households that were recruited using a combina-
tion of random-digit dialing, landline-telephone recruiting, and
address-based sampling [37]. Recruited households that did not
have Internet access were provided free access via WebTV. Unlike
other Internet-based surveys, the Internet-enabled panel used in
the study was not limited to individuals with Internet access, and
the sampling methodology was designed to ensure that the demo-
graphic characteristics of the panel were similar to those of the
United States population. The methods used in this United States
study maintain the representativeness of the study, while utiliz-
ing the advantages of Internet-based surveys for collecting a large
amount of data. Such methodologic improvement might be neces-
sary in our future studies.

Conclusion

Only approximately half of the LBP respondents reported LBP as
their primary pain; among them, HRQoL decreased with higher
disability and an increase in the number of pain sites. The presence
of =7 pain sites and disability resulting in absence from social
activity were strongly associated with low HRQoL. Occupational
management focusing on return to work and management of mul-
tisite pain may have a more significant effect on HRQoL improve-
ment than the management of pain itself in individuals with LBP.
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Further research should focus on the effectiveness of such manage-
ment in LBP respondents.
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Abstract

Objective. The objective of the present study is to identify dietary nutrients associated with
joint space narrowing (JSN) and osteophytosis at the knee in a population-based cohort of the
Research on Osteoarthritis/osteoporosis Against Disability (ROAD) studly.

Methods. From the baseline survey of the ROAD study, 827 participants (305 men and 522
women) in a rural cohort were analyzed. Dietary nutrient intakes for the last month were assessed
by a self-administered brief diet history questionnaire. Minimum joint space width (mJSW) and
osteophyte area (OPA) in the medial compartment of the knee were measured using a knee
osteoarthritis (OA) computer-aided diagnostic system.

Results. In men, there were no associations of dietary nutrient intakes with mJSW or OPA. In
women, vitamins K, B1, B2, B6, and C were associated with mJSW after adjustment for age, body
mass index, and total energy (p < 0.05). Vitamins E, K, B1, B2, niacin, and B6 were significantly
associated with OPA (p < 0.05) in women. Vitamins K, B and C may have a protective role against
knee OA in women and might lead to disease-modifying treatments.

Conclusions. The present study revealed that low dietary intake of vitamins K, B, and C are
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associated with JSN and osteophytosis in women.

Introduction

Knee osteoarthritis (OA), characterized by pathological features
including joint space narrowing (JSN) and osteophytosis, is a
major public health issue causing chronic pain and disability in
the elderly in most developed countries [1]. The prevalence of
radiographic knee OA is high in Japan [2], with 25,300,000 sub-
jects aged 40 years and older estimated to experience radiographic
knee OA [3]. According to the recent National Livelihood Survey
of the Ministry of Health, Labour, and Welfare in Japan, OA is
ranked fourth among diseases that cause disabilities that subse-
quently require support with activities of daily living [4]. Despite
the urgent need for strategies for the prevention and treatment
of this condition, there have been few established risk factors for
knee OA except for age, female sex, obesity, previous injury, and
occupational activities [5].

Current recommendations for OA include a combination of
nonpharmacological interventions and pharmacological treatments
[6]. However, considering that nonsteroidal anti-inflammatory
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drugs (NSAIDs), which may have serious adverse effects with long-
term use, remain among the most widely prescribed drugs for OA
[7], there is a need for safe and effective alternative strategies for
prevention and treatment of this disease. Such strategies could come
from dietary nutrition, because dietary factors are modifiable.

There have been several epidemiologic studies on the relation-
ship between nutritional factors and OA [8-15]. Our previous
study showed that dietary vitamin K intake was associated with
the prevalence of knee OA [14], but disease was defined accord-
ing to a categorical grade such as the Kellgren—Lawrence (KL)
grade [16]. In the Framingham Study, the association of nutrition
with JSN and osteophytosis was separately analyzed [8, 9, 12, 13]
in Caucasians, but they were also defined by categorical grades.
Categorical methods are statistically less powerful than continu-
ous methods. Thus, the association between nutrition and knee OA
might have been underestimated in previous studies.

To overcome these problems, joint space width or osteophyte
area should be evaluated using a fully automatic system. To the
best of our knowledge, there have been no population-based stud-
ies to separately measure joint space width or osteophyte area to
clarify the association of dietary nutrient intake with JSN and
osteophytosis. In the present study, we measured medial minimum
joint space width (mJSW) and osteophyte area (OPA) at the knee
in the large-scale population-based cohort study called Research
on Osteoarthritis/osteoporosis Against Disability (ROAD). The
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purpose of the present study is to clarify which nutritional factors
were associated with JSN and osteophytosis.

Materials and methods
Subjects

The ROAD study is a nationwide prospective study designed to
establish epidemiologic indices for evaluation of clinical evidence
for the development of a disease-modifying treatment for bone and
joint diseases (OA and osteoporosis are the representative bone
and joint diseases, respectively). It consists of population-based
cohorts in three communities in Japan. A detailed profile of the
ROAD study has been described elsewhere [2, 3, 17]; a brief sum-
mary is provided here. To date, we have completed the creation
of a baseline database that includes clinical and genetic informa-
tion for 3,040 subjects (1,061 men and 1,979 women) ranging in
age from 23 to 95 years (mean, 70.3 years), who were recruited
from resident registration listings in three communities: an urban
region in Itabashi, Tokyo; a mountainous region in Hidakagawa,
Wakayama; and a coastal region in Taiji, Wakayama.

Residents of these regions were recruited from the resident reg-
istration list of the relevant region. Participants in the urban region
were recruited from a randomly selected cohort from the Itabashi-
ward residents’ registration database [18]. The participation rate
was 75.6 %. Participants in mountainous and coastal regions were
also recruited from the resident registration lists, and the participa-
tion rates in these two areas were 56.7 and 31.7 %, respectively.
The inclusion criteria, apart from residence in the communities
mentioned above, were the ability to (1) walk to the survey site,
(2) report data, and (3) understand and sign an informed consent
form. The baseline survey of the ROAD study was completed in
2006. All participants provided written informed consent, and the
study was conducted with the approval of the ethics committees
of the University of Tokyo and the Tokyo Metropolitan Institute
of Gerontology.

From the baseline data of 855 subjects aged =40 years in the
mountainous cohort, we excluded 3 individuals who had under-
gone knee surgeries. In addition we excluded 18 individuals who
had lateral knee OA, defined as being present when a knee had KL
grade =2 and lateral JSN score =1 on a 0-3 scale according to the
Osteoarthritis Research Society International (OARSI) atlas [19].
We also excluded 4 who did not complete questionnaires regard-
ing dietary nutrition, and 3 whose radiographic conditions were
insufficient for measuring JSN and osteophyte area. Thus, a total
of 827 participants (305 men and 522 women) were analyzed in
the present study.

Dietary assessment

For the dietary survey, we used a self-administered brief diet
history questionnaire (BDHQ) and investigated dietary nutrient
intakes for the previous month. A questionnaire was given to each
participant with detailed explanation to fill out at home, and was
reviewed by well-trained interviewers when the participants vis-
ited the clinic. The BDHQ is a 4-page, structured questionnaire
that inquires about the consumption frequency of 56 food and
beverage items, with specified serving sizes described in terms of
a natural portion or the standard weight and volume measurement
of servings commonly consumed in general Japanese populations.
The BDHQ was developed based on a comprehensive (16-page)
version of a validated self-administered diet history questionnaire
[20], and is now widely used for dietary survey in Japan [14, 21].
Estimates of dietary intake for the 56 food and beverage items,
energy, and selected nutrients were calculated using an ad hoc
computer algorithm for the BDHQ, which was based on the Stan-
dard Tables of Food Composition in Japan. In the present study,
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dietary intake levels of total energy and 15 nutrient factors (animal
protein, vegetable protein, animal fat, vegetable fat, carbohydrate,
vitamin B1, 2, 6, and 12, niacin, vitamins C, D, E, K, and salt)
were analyzed.

Radiographic assessment

All participants had radiographic examination of both knees using
an anterior—posterior view with weight-bearing and foot map posi-
tioning. The beam was positioned parallel to the floor with no angle
and aimed at the joint space. To visualize the joint space properly
and to make the patella centralized over the lower end of the femur,
we used fluoroscopic guidance with an anterior—posterior X-ray
beam. The images were downloaded into digital imaging and
communication in medicine (DICOM) format files. mJSW (mm)
in the medial compartment and OPA (mm?) at the medial tibia
were measured by the KOACAD system, and the knee with lower
mJSW was defined as the designated knee of each participant. The
KOACAD system has been described in detail elsewhere [22-24],
and is summarized here only briefly. The KOACAD system can
quantify the major features of knee OA on standard radiographs
and allows objective, accurate, simple, and easy assessment of the
structural severity of knee OA in general clinical practice. This
system was programmed to measure mJSW in the medial and
lateral compartments and OPA at the medial tibia using digitized
knee radiographs. Initially, correction for radiographic magnifica-
tion was performed based on the image size of a rectangular metal
plate. Next, to determine the region of interest (ROI), the center of
the tibiofemoral joint was determined as follows: A vertical neigh-
borhood difference filter that vertically scanned digital images to
detect the margins of the tibial and femoral condyles was applied
to identify points with high absolute values for differences of scale.
Then, the center of all points was calculated and defined as the
center of the tibiofemoral joint. Finally, a 480 X 200 pixel rect-
angle around the center was defined as the ROIL. Within the ROI,
the outline of the femoral condyle was designated as the upper
rim of the joint space by vertical filtering with a 3 X 3 square
neighborhood difference filter. Both ends of the upper rim were
determined using a Canny filter to remove the noise associated
with lines, and vertical lines from the ends were designated as the
outside rims of the joint space. Outlines of anterior and posterior
margins of the tibial plateau were drawn similarly to that of the
femoral condyle, and the middle line between the two outlines was
designated as the lower rim of the joint space (Fig. 1a). A straight
regression line for the lower rim outline was then drawn, and the
intersection of the lower rim outline and the regression line was
designated as the inside rim. Medial and lateral joint space areas
were determined as areas surrounded by the upper, lower, inside,
and outside rims as defined above. Medial and lateral mJSWs
were further determined as the minimum vertical distances in the
respective joint space area (Fig. 1b). To measure the OPA, medial
and lateral outlines of the femur and tibia were drawn. Inflection
points for these outlines were then calculated. The medial out-
line of the tibia from the inflection point was drawn upward to
the joint level, and the area that was medially prominent over the
smoothly extended outline was designated as the OPA (Fig. lc).
We examined the reproducibility of mJSW and OPA measured
on radiographs taken at 2-week intervals for 20 individuals; the
reproducibility of both mJSW and OPA were high [intraclass cor-
relation coefficient (ICC) = 0.86 and 0.99, respectively] [22]. In
addition, we measured mJSW and OPA by KOACAD more than
twice on 1979 radiographs, and confirmed that all parameters were
unchanged independent of observer or time measured (all ICC =
1.0) [22]. We have previously published reference values of joint
space width and osteophyte area by gender and age strata in Japan
using the KOACAD system [25].
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Statistical analysis

Differences in age, height, weight, and body mass index (BMI)
were examined by nonpaired Student’s 7 test. mJSW, OPA, total
energy, and dietary nutrient intakes between men and women were
examined by Wilcoxon rank-sum test. The distribution of mJSW,
OPA, total energy, and dietary nutrient intakes were not normal,
thus we applied log transformation to these variables, and multiple
regression analysis after adjustment for age, BMI, gender, and total
energy was used to determine the association of dietary nutrient
intakes with mJSW and OPA in the overall population. Further-
more, multiple regression analysis after adjustment for age, BMI,
and total energy was used to determine the association of dietary
nutrient intakes with mJSW and OPA in men and women. Data
analyses were performed using SAS version 9.0 (SAS Institute
Inc., Cary, NC). p-Value <0.05 was considered significant.

Results

Characteristics of 827 participants are presented in Table 1. There
were no significant differences in BMI between men and women.
mJSW was significantly wider in men than women, and OPA was
significantly smaller in men than women. Total energy and almost
all of dietary nutrient intakes except for vitamins K and C were
significantly higher in men than women (p < 0.01), whereas vita-
min C intake was significantly lower in men than women (p <
0.0001) (Table 2). Vitamin K intake was not significantly different
between men and women (p = 0.07).

Table 1. Characteristics of participants

Overall Men Women p Value
No. of participants 827 305 522
Age (years) 69.2+93 69.6+87 68.9*96 0.29
Height (cm) 163.0 £9.2 1613 *+6.7 148.1 £6.6 <0.0001
Weight (kg) 540 *102 60.0*10.2 505 =85 <0.0001
BMI (kg/m?) 230*32 23.0*x3.0 230x34 0.86
mJSW (mm) 243 = 1.11 291 £1.01 2.15* 1.07 <0.0001
OPA (mm?) 372 833 1.72 420 4.88 +9.79 <0.0001

Data are mean * standard deviation (SD). Nonpaired Student’s ¢ test
was used to compare age, height, and BMI between men and women.
Wilcoxon rank-sum test was used to compare mJSW and OPA between
men and women

BMI body mass index, mJSW minimum joint space width, OPA osteophyte
area

Mod Rheumatol, 2014; 24(2): 236-242

Fig 1. Schema of image processing
by KOACAD (cited from Ref. [28]).
(a) Outlines of anterior and posterior
margins of the tibial plateau. The
middle line between the two outlines
is defined as the lower rim of the joint
space. (b) Medial and lateral minimum
joint space widths were defined as the
minimum vertical distances in the
joint space area. (c) Osteophyte area
(red area) that is medially prominent
over the smoothly extended outline of
the tibia

We next analyzed the association of dietary nutrient intakes
with mJSW and OPA. Overall, after adjustment for age, BMI,
gender, and total energy, mJSW was not associated with vita-
mins D, E, B1 or niacin, but was significantly associated with
vitamins K (R = 0.344, p = 0.03), B2 (R = 0.343, p = 0.04),
and C (R = 0.345, p = 0.02) (Table 3). OPA was not signifi-
cantly associated with vitamins D, E, K, B12, C or niacin, but
was significantly associated with vitamins B1 (R = 0.421, p =
0.03), B2 (R = 0.421, p = 0.03), and B6 (R = 0.422, p = 0.02)
(Table 3). When analyzed in men and women separately, in men,
multiple regression analysis after adjustment for age, BMI, and
total energy showed that mJSW and OPA were not significantly
associated with any nutritional factors (Table 4). In contrast,
in women, mJSW was significantly associated with vitamins K
(R=0.283, p=0.01), B1 (R =0.271, p = 0.04), B2 (R = 0.270,
p=0.04), B6 (R=0.273,p =0.01), and C (R =0.281, p =0.01)
(Table 5), while OPA was significantly associated with vitamins
E (R=0.426,p =0.04), K (R =0.427, p = 0.03), BI (R = 0.436,

Table 2. Dietary nutrient intakes in men and women

Overall Men Women
Total energy, MJ/day 7.6 9.5 6.9%
(6.3-9.3) (8.1-12.1) (6.0-7.9)
Dietary nutrients
Vitamin D, pg/day ~ 17.7 20.7 16.4%*
(11.5-25.8) (13.3-30.5) (10.7-24.2)
Vitamin E, 6.9 7.4 6.7*
mgao-TE/day (5.4-8.8) (5.6-9.6) (5.3-8.3)
Vitamin K, pg/day  211.0 224.4 202.9
(146.6-287.9)  (150.2-313.5) (145.3-281.0)
Vitamin B1, 0.71 0.79 0.67*
mg/day (0.58-0.86) (0.64-0.97) (0.56-0.80)
Vitamin B2, 0.97 1.07 0.92%
mg/day (0.76-1.19) (0.82-1.34) (0.73-1.12)
Niacin, mgNE/day 14.9 17.9 13.6*
(11.6-19.2) (13.9-22.7) (10.4-17.1)
Vitamin B6, 1.1 1.3 1.03*
mg/day (0.9-1.4) (1.0-1.6) (0.86-1.26)
Vitamin B12, 9.8 11.0 8.8*
ug/day (6.8-13.5) (7.7-15.8) (6.3-12.0)
Vitamin C, mg/day ~ 101.7 94.0 108.1*
(78.3-133.4) (71.7-122.0)  (82.6-137.3)

Values are median (interquartile range)
TE tocopherol equivalent, NE niacin equivalent
*p < 0.01 versus men by Wilcoxon rank-sum test
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Table 3. Association of dietary nutrient intakes with mJSW and OPA overall

mJSW (mm) OPA (mm?)

Regression Regression

coefficient 95 % CI p-Value coefficient 95 % CI p Value
Vitamin D, pg/day 0.006 —0.04 to 0.06 0.8044  —0.03 —0.09t0 0.02  0.2000
Vitamin E, mgo-TE/day  0.01 —0.08 t0 0.10 0.7613  —0.08 -0.17t00.02 0.1114
Vitamin K, pg/day 0.06 0.006 to 0.11* 0.0309  —0.05 —0.11t0 0.004 0.0665
Vitamin B1, mg/day 0.09 —0.05 t0 0.23 0.2058  —0.17 —0.32t0 0.02* 0.0271
Vitamin B2, mg/day 0.10 0.004 to 0.20* 0.0418  —0.12 —0.22t0 0.01* 0.0254
Niacin, mgNE/day 0.02 —0.08 to 0.13 0.6422  —0.09 -0.20t0 0.01  0.0877
Vitamin B6, mg/day 0.12 —0.001 to 0.24 0.0526 —0.15 —0.28 t0 0.03* 0.0164
Vitamin B12, ug/day 0.04 —0.02 to 0.09 0.2066  —0.03 -0.09t00.02 02515
Vitamin C, mg/day 0.09 0.01 to 0.16* 0.0179  —0.04 —0.12t00.03  0.2640

Log transformation was applied to variables, and multiple regression analysis after adjustment for age, body mass
index, gender, and total energy was used to determine the association of nutritional factors with mJSW and

OPA

mJSW minimum joint space width, OPA osteophyte area, TE tocopherol equivalent, NE niacin equivalent,

CI confidence interval

p = 0.002), B2 (R = 0.435, p = 0.003), niacin (R = 0.428, p =
0.02), and B6 (R = 0.433, p = 0.01) (Table 5).

Discussion

This is the first population-based cohort study of the relation-
ship between dietary nutrient intakes and JSN and osteophytosis
separately in Japanese men and women. In the overall population,
vitamins K, B2, and C were significantly associated with mJSW,
while vitamins B1, B2, and B6 were significantly associated with
OPA. When analyzed in men and women separately, we observed
that there were no associations of dietary nutrient intakes with
mJSW or OPA in men. In contrast, in women, vitamins K, B1,
B2, and B6 were associated with both mJSW and OPA. Vitamin
C was associated with mJSW, but not with OPA. Previous studies
have already shown that vitamins K and C were associated with
knee OA; however, the knee OA was defined by KL grade or other
categorical methods in almost all studies [8—15]. KL grade is the
most conventional system to grade radiographic severity of knee
OA, but in this categorical system, JSN and osteophyte forma-
tion are not assessed separately, thus one cannot clarify whether
osteophytosis and JSN have distinct risk factors. In addition, a
recent cross-sectional study showed that osteophytosis was unre-
lated to JSN on plain radiographs [26]. Furthermore, our study
on an experimental mouse model for OA identified a cartilage-
specific molecule, carminerin, that regulates osteophytosis without

affecting joint cartilage destruction during OA progression [27, 28].
In addition, there were distinct effects on quality of life (QOL)
for JSN and osteophytosis [26]. Such accumulating evidence
indicates that JSN and osteophytosis may have distinct etiologic
mechanisms and their progression may be neither constant nor
proportional. Thus, to examine factors associated with knee OA,
these two OA features should be separately assessed. Furthermore,
because categorical methods are statistically less powerful than
continuous methods, the association between nutrition and knee
OA might have been underestimated in previous studies. This
study is the first to report that vitamins K, B1, B2, and B6 are sig-
nificantly associated with both mJSW and OPA, and that vitamin C
is significantly associated with mJSW in women. The association
of dietary factors with knee OA may be weaker than for gender
or obesity, but they are easily modifiable; therefore, these results
may contribute to prevent incidence or progression of knee OA,
although it is not completely clear what modifications of vitamin
intake would be required to achieve clinically meaningful change
in mJSW and OPA.

Vitamin K includes vitamin K1, or phylloquinone, which is
contained in green leafy vegetables, and vitamin K2, or menaqui-
none, which is synthesized by bacteria and abundantly contained
in a traditional Japanese fermented soybean food called natto
[29]. Our previous study showed that dietary vitamin K intake
was inversely associated with prevalence of knee OA defined by
KL grade [14]. However, because of the different etiology that

Table 4. Association of dietary nutrient intakes with mJSW and OPA in men

mJSW (mm) OPA (mm?)

Regression Regression

coefficient 95 % CI p Value  coefficient 95 % CI p Value
Vitamin D, pg/day —0.02 —0.10t0 0.06  0.5804 0.04 -0.03t00.11  0.2710
Vitamin E, mgo-TE/day ~ —0.01 —0.14t0 0.11 0.8501 0.03 —0.09t00.14  0.6567
Vitamin K, ng/day 0.02 —0.06t00.09  0.6626 —0.01 —0.08t0 0.06  0.7939
Vitamin B1, mg/day —0.01 —-0.21t00.19  0.8995 0.08 —0.11t00.26  0.4275
Vitamin B2, mg/day 0.07 —0.08t0 022  0.3515 0.05 -0.09t00.19 04772
Niacin, mgNE/day —0.03 —0.18t00.12  0.7149 0.06 —0.08t00.20 0.4127
Vitamin B6, mg/day 0.04 -0.13t00.22 0.6214 —0.005 —0.17t00.16  0.9554
Vitamin B12, pg/day —0.004 —0.09t00.09 0.9345 0.06 —0.03t00.14 0.1816
Vitamin C, mg/day 0.03 -0.03t00.14  0.5079 0.01 -0.08t00.11  0.8113

Log transformation was applied to variables, and multiple regression analysis after adjustment for age, body mass
index, and total energy was used to determine the association of nutritional factors with mJSW and OPA
mJSW minimum joint space width, OPA osteophyte area, TE tocopherol equivalent, NE niacin equivalent,

CI confidence interval
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Table 5. Association of dietary nutrient intakes with mJSW and OPA in women

mJSW (mm) OPA (mm?)

Regression Regression

coefficient 95 % CI p Value coefficient 95 % CI p Value
Vitamin D, pg/day 0.03 —0.03 to 0.09 0.3550  —0.07 —0.14 to 0.004 0.0631
Vitamin E, mgo-TE/day 0.05 —0.08 to 0.18 0.4234 —0.15 —0.29 to —0.008* 0.0383
Vitamin K, ug/day 0.11 0.03 t0 0.19* 0.0062 —0.10 —0.18 to —0.009* 0.0302
Vitamin B1, mg/day 0.21 0.01to 0.41* 0.0366 —0.35 —0.56 to —0.13*  0.0020
Vitamin B2, mg/day 0.13 0.006 to 0.26*  0.0411 —0.22 —0.37 to —0.08*  0.0025
Niacin, mgNE/day 0.08 —0.06 to 0.21 0.2819 —0.18 —0.33t0 —0.03*  0.0195
Vitamin B6, mg/day 0.18 0.02 to 0.34* 0.0261 —0.25 —0.42t0 —0.07*  0.0053
Vitamin B12, pg/day 0.07 —0.005 to 0.14 0.0679  —0.07 —0.16 to 0.006 0.0699
Vitamin C, mg/day 0.13 0.04 to 0.23* 0.0077  —0.09 —0.20 to 0.02 0.1139

Log transformation was applied to variables, and multiple regression analysis after adjustment for age, body mass
index, and total energy was used to determine the association of nutritional factors with mJSW and OPA
mJSW minimum joint space width, OPA osteophyte area, TE tocopherol equivalent, NE niacin equivalent,

CI confidence interval

may exist between JSN and osteophytosis, these two OA fea-
tures should be assessed separately to examine factors associated
with knee OA. However, the association of these two features
with vitamin K cannot be separately analyzed by KL grade. The
Framingham Study showed that plasma levels of phylloquinone
were inversely associated with osteophytosis in the knee [12],
but no population-based study has determined the association of
dietary vitamin K intake with mJSW width and OPA separately.
In the present study, vitamin K was associated with both JSN and
osteophytosis in women, although the results for vitamin K were
of borderline significance after adjusting for additional potential
confounders, particularly regarding OPA. Several basic studies
have shown that vitamin K plays an important role in cartilage
metabolism, as an inhibitor of extracellular matrix calcification
as well as a promoter of cell survival and proliferation [30-38].
In addition, warfarin, a vitamin K-antagonist anticoagulant, is
known to cause warfarin embryopathy characterized by abnormal
calcification and decreased growth of cartilage [37, 38]. Habitual
low dietary vitamin K intake may exert an inhibitory effect on the
vitamin K-dependent MGP and Gas6 functions and modulate the
pathogenesis of OA by influencing the process of osteophytosis
and cartilage destruction.

Several previous studies have shown that vitamin C intake was
inversely associated with knee OA [9, 15], but no population-based
study has analyzed the association of vitamin C intake with mJSW
and OPA at the same time. In the present study, vitamin C was
associated with narrower mJSW in women, but not with OPA. This
finding may indicate that vitamin C intake is more strongly associ-
ated with JSN than with osteophytosis in women. Damage caused
by free radicals has long been thought to be pathogenic, and free
radicals play an important role in the progression of many chronic
diseases, including OA [9, 11, 39-42]. Vitamin C is an antioxidant,
which may partly explain the effect of vitamin C on JSN. This may
lead to the logical possibility of using vitamin C supplementation
for primary prevention or as a therapeutic intervention for OA.

There have been no studies regarding the association of dietary
vitamin B intake with knee OA. In the present study, we found
that vitamins B1, B2, and B6 were significantly associated with
mJSW in women. Vitamin B is closely involved in the metabo-
lism of homocysteine [43], which has recently been seen to play
a role in osteoporosis-related bone damage, and may be linked
to its involvement in collagen formation. Homocysteine inhibits
the synthesis of insoluble collagen fibrils in vitro by interfering
with normal cross-linking [44]. From the perspective of cartilage
homeostasis, these changes in matrix organization interfere with
chondrocyte-mediated mineralization, potentially altering the
function and properties of calcified cartilage [45]. This may be due
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to homocysteine-mediated inhibition of lysil oxidase, which cata-
lyzes the cross-linking of collagen molecules, a function necessary
for its mineralization in bone tissue [46].

In the present study, we found gender differences regarding the
association of dietary nutrient intakes with mJSW and OPA. In
women, vitamins B and K were significantly associated with both
mJSW and OPA, and vitamin C was significantly associated with
mJSW, whereas in men, no dietary factors were significantly asso-
ciated with mJSW or OPA. This difference may be partly explained
by muscle strength in men. Because men are known to have greater
muscle strength than women at all ages, and muscle strength has a
protective effect on knee OA [47—49], it might be that the greater
muscle strength obscures the effects of dietary nutrient intakes on
knees in men.

There are several limitations to the present study. First, this
was a cross-sectional study of baseline data, and thus no causal
relationship can be determined. Second, in the present study,
we used self-reported measures for dietary assessments; these
measurements are prone to bias and measurement error. In
addition, the dietary survey in this study investigated dietary
habits only for the previous month, which did not necessarily
reflect a long habit of several years, despite the fact that OA is
a slowly progressing chronic disease. This dietary survey also
investigated whether participants had changed their dietary hab-
its. Those who answered “yes” accounted for 9.6 %, whereas
90.4 % of participants answered that they had not changed their
dietary habits. Although it is likely that dietary habits in middle-
aged and elderly people are usually quite different from those
in children and young adults, there is a possibility that most
participants in this study had not changed their dietary habits for
several years or for a longer time, which may have affected the
disease process of OA. Furthermore, the dietary survey in the
present study was conducted from autumn to winter although
there are four seasons in Japan and diets may vary with the
season. Therefore, the present study could suffer from some
bias for the effect of season on the nutritional quality of diets.
Third, nutritional factors cannot be assumed to be joint location
specific, and osteophytes may even be more pronounced in the
contralateral tibiofemoral compartment [50]; however, at pres-
ent, the KOACAD system can only measure medial osteophytes
at the tibia. We are now developing a KOACAD system to mea-
sure osteophytes at other sites; thus, we may be able to clarify
the association between osteophytes at other sites and QOL in
the near future. Finally, we clarified the association of vitamins
B, C, and K with mJSW and OPA, but did not determine what
changes in intake of these vitamins would be needed to achieve
clinically meaningful change in mJSW and OPA, because we
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have not yet clarified what changes in mJSW and OPA are clini-
cally meaningful. In addition, this is a cross-sectional study,
thus causal relationships of vitamins B, C, and K with mJSW
and OPA cannot be clarified.

In conclusion, the present cross-sectional study using a popu-
lation-based cohort revealed that low dietary intakes of vitamins
K, B1, B2, and B6 are associated with both JSN and osteophytosis
in women. Vitamin C intake was associated with JSN in women,
but not with osteophytosis. Further studies, along with longitudi-
nal data from the ROAD study, will elucidate the environmental
background of OA and help clarify clinical evidence regarding the
development of disease-modifying treatments.
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Abstract

Keywords

Objectives. To examine the onset and resolution of pain and physical functional disability using
Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) and their association
with knee osteoarthritis (OA) in the longitudinal large-scale population of the nationwide cohort
study, Research on Osteoarthritis/osteoporosis Against Disability (ROAD).

Methods. Subjects from the ROAD study who had been recruited during 2005-2007 were fol-
lowed up 3 years later. A total of 1,578 subjects completed the WOMAC questionnaire at baseline
and follow up, and the onset and resolution rate of pain and physical functional disability were
examined. We also examined the association of onset of pain and physical functional disability
and their resolution with severity of knee OA as well as age, body-mass index and grip strength.
Results. After a 3.3-year follow-up, the onset rate of pain was 35.0% and 35.3% in men and women,
respectively, and the onset rate of physical functional disability was 38% and 40%, respectively.
Resolution rate of pain was 20.3% and 26.2% in men and women, respectively, and resolution
rate of physical functional disability was 16% and 14% in men and women, respectively. Knee OA
was significantly associated with onset and resolution of pain and physical functional disability
in women, but there was no significant association of knee OA with onset of pain and resolution
of physical functional disability in men.

Conclusions. The present longitudinal study revealed the onset rate of pain and physical func-
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tional disability as well as their resolution, and their association with knee OA.

Introduction

Knee osteoarthritis (OA), characterized by pathological features
including joint space narrowing and osteophytosis, is a major
public health issue causing chronic pain and disability among the
elderly in most developed countries [1]. The prevalence of radio-
graphic knee OA in Japan is high [2], with 25,300,000 subjects
aged 40 years and older estimated to experience radiographic knee
OA [3]. According to the recent National Livelihood Survey of the
Ministry of Health, Labour and Welfare in Japan, OA is ranked
fourth among diseases that cause disabilities that subsequently
require support with activities of daily living [4].

The principal clinical symptoms of knee OA are pain and physi-
cal functional disability [5], but the correlation of these symptoms
with radiographic severity of knee OA is controversial [2,6-8].
Thus it would be interesting to determine whether the impact of
radiographic knee OA on pain and physical functional disability
differs according to the severity of OA. In terms of disease-specific
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scales for estimating pain and physical functional disability due
to knee OA, the Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) has been used for Caucasians [9]
and Asians [10,11], although these reports were not population-
based studies. Furthermore, there is little information on the impact
of knee OA on onset of pain and physical functional disability
using WOMAC in Japan, although a population survey suggests
that the disease pattern differs among races [12—14]. In addition,
to the best of our knowledge, although pain and physical functional
disability can disappear or improve, there is no information on the
impact of knee OA on the resolution of pain and physical func-
tional disability.

Grip strength is a useful marker of muscle function and sarcope-
nia [15]. There is growing evidence that reduced grip strength is
associated with adverse outcomes including morbidity, disability,
falls, higher fracture rates, increased length of hospital stay and
mortality [16-18]. A previous study also showed that grip strength
is related to total muscle strength [19]. Thus, the association of
knee OA with pain and physical functional disability may be influ-
enced by grip strength, but again, no studies have examined the
association of knee OA and grip strength with onset of pain and
disability as well as their resolution simultaneously in the same
population using a longitudinal cohort study.
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The objective of the present study was to clarify the onset and
resolution rate of pain and physical functional disability using
WOMAC in Japanese men and women who were part of the
large-scale, longitudinal, population-based cohort study known
as the Research on Osteoarthritis/osteoporosis Against Disability
(ROAD) study. In addition, we examined the association of body—
mass index (BMI), grip strength and severity of knee OA with
onset of pain and physical functional disability as well as their
resolution in men and women.

Materials and methods
Subjects

The ROAD study was a nationwide prospective study for bone
and joint diseases (with OA and osteoporosis as the representa-
tive bone and joint diseases) constituting population-based cohorts
established in several communities in Japan. As a detailed profile
of the ROAD study has already been described elsewhere [2,3,20],
only a brief summary is provided here. During 2005-2007, we
created a baseline database that included clinical and genetic
information for 3,040 inhabitants (1,061 men; 1,979 women) aged
23-95 years (mean, 70.6 years), recruited from listings of resident
registrations in three communities: an urban region in Itabashi,
Tokyo; a mountainous region in Hidakagawa, Wakayama; and
a coastal region in Taiji, Wakayama. All participants provided
written informed consent, and the study was conducted with the
approval of the ethics committees of the University of Tokyo and
the Tokyo Metropolitan Institute of Gerontology. Participants
completed an interviewer-administered questionnaire of 400 items
that included lifestyle information such as smoking habit, alcohol
consumption, family history, medical history and previous knee
injury history. Furthermore, subjects were interviewed by well-
experienced orthopedists regarding the treatment for knee OA,
such as medication, injections, physical therapy, bracing, etc.
between the baseline and follow-up study. Anthropometric mea-
surements included height and weight, from which BMI (weight
[kg)/height? [m?]) was calculated. Grip strength was measured
on bilateral sides using a TOEI LIGHT handgrip dynamometer
(Toei Light Co., Ltd., Saitama, Japan), and the better measure-
ment was used to represent maximum muscle strength. During
2008-2010, we attempted to trace and review all 3,040 subjects;
they were invited to attend a follow-up interview. The interviews
were conducted by the same trained orthopedists who undertook
the baseline study during 2005-2007.

Radiographic assessment

All participants underwent radiographic examination of both
knees using an anterior—posterior view with weight-bearing and
foot map positioning. Fluoroscopic guidance with a horizontal
anterior—posterior X-ray beam was used to properly visualize the
joint space. Knee radiographs at baseline and follow-up were read
in pairs without knowledge of the participant’s clinical status by
a single well-experienced orthopedist (S.M.), and the Kellgren
Lawrence (KL) grade was defined using the KL radiographic
atlas for overall knee radiographic grades [21]. In the KL grading
system, radiographs are scored from grade O to grade 4, with the
higher grades being associated with more severe OA. To evalu-
ate the intraobserver variability of the KL grading, 100 randomly
selected radiographs of the knee were scored by the same observer
more than 1 month after the first reading. One hundred other radio-
graphs were also scored by two experienced orthopedic surgeons
(S.M. & H.O.) using the same atlas for interobserver variability.
The intra- and inter variabilities evaluated for KL grades (0—4)
were confirmed by kappa analysis to be sufficient for assessment
(0.86 and 0.80, respectively).
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Instruments

The WOMAC, a 24-item OA-specific index, consists of three
domains: pain, stiffness and physical function. Each of these 24
items is graded on either a 5-point Likert scale or a 100-mm visual
analog scale [22,9]. In the present study, we used the Likert scale
(version LK 3.0). The domain score ranges from 0 to 20 for pain,
0 to 8 for stiffness and O to 68 for physical function. Japanese ver-
sions of the WOMAC have also been validated [23]. In the present
study, onset of pain and physical functional disability were defined
as WOMAC pain score =0 at baseline and >0 at follow up and
WOMAC physical function score = 0 at baseline and > 0 at follow
up, respectively. Resolution of pain and physical functional dis-
ability were defined as WOMAC pain score >0 at baseline and = 0
at follow up and WOMAC physical function score > 0 at baseline
and =0 at follow up, respectively. Worsening pain and physical
functional disability were defined as WOMAC pain and physical
function at follow up was worse than at baseline, respectively.

Statistical analysis

The differences in age, height, weight, BMI, grip strength, and
WOMAC pain and physical function scores at baseline and fol-
low up between men and women were examined using a non-
paired Student’s t-test. The prevalence of knee OA was compared
between men and women using chi-square test. Tukey’s honestly
significant difference test after adjustment for age and BMI was
used to compare WOMAC pain and physical functional score and
differences between baseline and follow up among subjects with
KL =0/1, 2 and 3/4. The non-paired Student’s t test was used to
compare age, BMI and grip strength between subjects with and
without onset of pain and physical functional disability as well as
those with and without resolution of pain and physical functional
disability. Chi-square test was used to compare prevalence of knee
OA between subjects with and without onset of pain and physical
functional disability as well as those with and without resolution of
pain and physical functional disability. Multiple logistic regression
analysis after adjustment for age was also used to determine the
association of severity of knee OA with onset of pain and physi-
cal functional disability as well as their resolution. In addition, to
determine independent association of age, BMI, grip strength and
knee OA with onset of pain and physical function as well as their
resolution, multiple logistic regression analysis was used with sig-
nificant variables (p <0.01) in univariate analyses as explanatory
variables. Data analyses were performed using SAS version 9.0
(SAS Institute Inc., Cary, NC).

Results

Of the 3,040 subjects in the baseline study during 2005-2007, 125
had died by the time of the review held 3 years later, 123 did not
participate in the follow-up study due to bad health, 69 had moved
away, 83 declined the invitation to attend the follow-up study, and
155 did not participate in the follow-up study for other reasons.
Among the 2,485 subjects who did participate in the follow-up
study, we excluded 39 subjects who were younger than 40 years at
baseline. Those participating in the follow-up study were younger
than those who did not survive or who did not participate for
other reasons (responders 68.6 years, non-responders 75.1 years;
p<<0.0001). The follow-up study participants also were more
likely to be women (responders 66.3% women, nonresponders
61.8% women; P =0.03) and were more likely to have knee OA
at the baseline examination than either those who did not survive
to follow-up or those who did not participate for other reasons
(responders 51.5%, nonresponders 60.9%; P <<0.0001). Among
them, 1,578 subjects provided completed WOMAC questionnaires
both at baseline and follow up. We also excluded three subjects
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Table 1. Characteristics of subjects.

Overall Men Women p value
N 1558 553 1005
Age 67.0+11.0 68.1+10.7 66.5+11.0 0.004
Height 1552+89 163.4+6.5 150.8%+6.5 <0.0001
Weight 555+104 622*+102 51.8*8.5 <0.0001
BMI 229+33 23.2+3.1 22.8+3.3 0.0043
Grip strength 272+%9.5 354+8.7 22764 <0.0001
Knee OA (%) 49.3 38.7 55.2 <0.0001
WOMAC at
baseline
Pain 1.12+2.18 1.02*£2.05 1.18%2.25 0.157
Physical 3.03%£6.63 256*+571 3.29+7.07 0.0268
function
WOMAC at
follow up
Pain 1.82£2.83 1.72*x2.67 1.88%t291 0.291
Physical 5.59+9.7 473+830 6.06+10.36 0.0061
function

Knee OA was defined as Kellgren Lawrence grade 2 or worse at baseline.
BMI, body-mass index; OA, osteoarthritis; WOMAC, Western Ontario
and McMaster Universities Osteoarthritis Index.

who did not undergo plain radiography at knee and 17 subjects who
underwent total knee arthroplasty before the follow-up study, leav-
ing a total of 1,558 subjects (553 men and 1,005 women). The mean
duration between baseline and follow up was 3.3 = 0.6 years.

The characteristics of the 1,578 participants at baseline in the
present study are shown in Table 1. Men were significantly older
than women, and BMI was significantly higher in men than in
women. The prevalence of knee OA was significantly higher in
women than in men at baseline. WOMAC pain score was not sig-
nificantly different between gender, while, physical function score
was significantly worse in women than in men at baseline and fol-
low up. The scores of WOMAC pain and physical function scores
worsened at follow up compared with those at baseline in men and
women (p <0.05).

The scores of WOMAC pain and physical function scores and
their differences between baseline and follow up according to the
KL grade are shown in Supplementary Table 1 available online
at http://informahealthcare.com/doi/abs/10.3109/14397595.2014.
883055. In men, differences in WOMAC physical function scores
were significantly larger in subjects with KL 3/4 than those with
KL 0/1 after adjustment for age and BMI, while differences in
WOMAC pain scores were not. In women, after adjustment for
age and BMI, differences in WOMAC pain and physical function
scores between baseline and follow up were significantly larger in
subjects with KL 3/4 than those with KL 0/1.

Mod Rheumatol, 2014; 24(6): 966-973

Among 366 men and 634 women in subjects without pain at
baseline, 128 (35.0%) men and 224 (35.3%) women had onset of
pain at follow up (Table 2). In men, subjects with onset of pain
tended to be older than those without pain, while BMI and grip
strength were not significantly different between them. In women,
age and BMI were significantly different between subjects with
and without onset of pain, and grip strength tended to be higher
in subjects with onset of pain than those without pain. Among
346 men and 601 subjects without physical functional disability
at baseline, 132 (38.2%) men and 243 (40.4%) women had onset
of physical functional disability at follow up (Table 2). Age and
BMI were significantly different between subjects with and with-
out onset of physical functional disability in both men and women,
and BMI tended to be higher in subjects with onset of physical
functional disability than those without it in women only.

We next examined onset of pain and physical functional dis-
ability according to KL grade (Figure 1). There were no significant
differences in onset of pain among men with KL 0/1 knee, KL 2
knee OA and KL 3/4 knee OA (33.3%, 36.0% and 46.2%, respec-
tively, p = 0.4149 by chi-square test), while there were significant
differences in onset of pain among women with KL 0/1 knee, KL
2 knee OA and KL 3/4 knee OA (30.4%, 38.6% and 48.5%, respec-
tively, p = 0.0082 by chi-square test). Multiple logistic regression
analysis after adjustment for age showed that women with KL 3/4
knee OA had significant higher onset of pain compared with those
with KL 0/1. There were significant differences in onset of physi-
cal functional disability among subjects with KL 0/1 knee OA, KL
2 knee OA and KL 3/4 knee OA in men and women (men 33.2%,
41.7% and 66.7%, respectively, p=0.0023 by chi-square test,
women 35.8%, 43.8% and 53.1%, respectively, p =0.0165 by chi-
square test). Multiple logistic regression analysis after adjustment
for age showed that men with KL 3/4 knee OA had a significant
higher onset of physical functional disability compared with those
with KL 0/1.

In addition, we examined the association of age, BMI, grip
strength and WOMAC pain and physical function scores at base-
line with resolution of pain and physical functional disability
(Table 3). Among 187 men and 371 women with WOMAC pain
at baseline, pain disappeared in 38 (20.3%) men and 97 (26.2%)
women at follow up. In men, WOMAC pain score at baseline was
significantly different between subjects with resolution of pain
and those with continuous pain. BMI tended to be higher in sub-
jects with continuous pain than in those with resolution of pain.
In women, age, BMI, grip strength and WOMAC pain score at
baseline were significantly different between subjects with reso-
Iution of pain and those with continuous pain. Among 207 men
and 404 women with physical functional disability at baseline,

Table 2. Age, BMI, grip strength, and WOMAC pain and physical function score according to onset of pain and
physical functional disability in subjects without pain and physical functional disability at baseline.

Pain Physical function
N=1,000 N=947
Continuous no Onset of physical
Continuous ~ Onset physical functional  functional
no pain of pain p value  disability disability p value
Men
N 238 128 214 132
Age 65.3x11.3 67.6x108 0.056 63.3x11.0 68.9+10.2 <0.0001
BMI 23.1*+3.1 23.1*+2.38 0.7981  23.1%3.0 23.0*+3.2 0.8946
Grip strength  37.1 8.8 36.6 9.3 0.6531 37.4+8.6 359=*9.1 0.0149
Women
N 410 224 358 243
Age 62.7+11.0 654*99 0.0017  60.2*+10.4 65.7+10.0 <0.0001
BMI 22.0*3.1 22.7*3.1 0.0023  22.2+3.1 22.6 3.1 0.0823
Grip strength  242+6.4 23.3*6.5 0.0948 253+6.5 22.8+53 <0.0001
Values are the means = standard deviation.
BMI, body mass index; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.
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Figure 1. Onset and resolution rate of pain and physical functional disability
according to Kellgren Lawrence (KL) grade in men and women. The
number of subjects in each subgroup is shown in brackets. Chi-square test
was used to determine the association of KL grade with onset of pain and
physical functional disability as well as their resolution. *p <0.05 versus
KL grade 0/1 by multiple logistic regression analysis after adjustment
for age. **p <0.05 versus KL grade 3/4 by multiple logistic regression
analysis after adjustment for age.

disability disappeared in 33 (15.9%) men and 58 (14.4%) women
at follow up. In men, age and grip strength were significantly
different between subjects with resolution of physical functional
disability and those with continuous physical functional dis-
ability. Age, BMI, grip strength and WOMAC physical function
score at baseline were significantly different between subjects
with resolution of physical functional disability and those with
continuous physical functional disability. In women, age, BMI,

88

Knee OA with onset and resolution of pain and physical functional disability 969

grip strength and WOMAC physical function score at baseline
were significantly different between subjects with resolution of
physical functional disability and those with continuous physical
functional disability.

We next examined resolution of pain and physical functional
disability according to KL grade (Figure 1). There were significant
differences in resolution of pain among subjects with KL 0/1 knee,
KL 2 knee OA and KL 3/4 knee OA in men and women (men
27.3%, 15.5% and 6.7%, respectively, p=0.0268 by chi-square
test; women 35.7%, 26.8% and 15.0%, respectively, p = 0.0021 by
chi-square test). Multiple logistic regression analysis after adjust-
ment for age showed that men with KL 3/4 knee OA had a sig-
nificantly higher onset of pain compared with those with KL 0/1.
Regarding resolution of physical functional disability, there were
no significant differences among subjects with KL 0/1 knee, KL 2
knee OA and KL 3/4 knee OA in men (18.1%, 14.5% and 10.3%,
respectively, p = 0.5553 by chi-square test), while there were sig-
nificant differences subjects with KL 0/1 knee, KL 2 knee OA and
KL 3/4 knee OA in women (20.3%, 16.3% and 4.6%, respectively,
p=0.0019 by chi-square test). Multiple logistic regression analy-
sis after adjustment for age showed that women with KL 2 and 3/4
knee OA had a significantly higher onset of physical functional
disability compared with those with KL 0/1.

To determine the independent association of age, BMI, grip
strength and KL grade with onset of pain and physical functional
disability, we next used multiple logistic regression analysis with
significant variables (p <0.01) by non-paired Student’s t test or
chi-square test shown in Table 2 and Figure 1 as explanatory vari-
ables (Table 4). Regarding onset of pain, there were no significant
variables in men; thus, we did not examine the independent asso-
ciation with onset of pain. In women, older age and higher BMI
were independently associated with onset of pain. Older age and
KL 3/4 knee OA were independent risk factors for onset of physi-
cal functional disability in men, whereas older age, higher BMI
and weaker grip strength were independent risk factors for onset of
physical functional disability in women. The significant association
of knee OA with onset of physical functional disability disappeared
after adjustment age, BMI and grip strength in women.

We also examined independent associations of age, BMI, grip
strength and KL grade with resolution of pain and physical func-
tional disability (Table 5). KL 0/1 knee and lower WOMAC pain
score at baseline were significantly associated with resolution of
pain in men, whereas lower BMI, higher grip strength and lower
WOMAC pain score were significantly associated with resolution
of pain in women. Regarding physical function, only age was sig-
nificantly associated with resolution of physical functional disabil-
ity in men, whereas higher grip strength, KL 2 knee OA and lower
WOMAC physical function score were significantly associated with
resolution of physical functional disability in women. KL 01 knee
also tended to be associated with resolution of physical functional
disability in women. Because treatment for knee OA might affect
the resolution of pain and physical functional disability, we further
examined the association of treatment for knee OA with the resolu-
tion of pain and physical functional disability. Among subjects with
pain at baseline, the resolution rate of pain was 36.2% in subjects
who underwent treatment for knee OA, and 14.2% in subjects who
did not undergo treatment for knee OA. Among subjects with phys-
ical functional disability at baseline, the resolution rate of physical
functional disability was 19.3% in subjects who underwent treat-
ment for knee OA, while, 7.2% in subjects who did not undergo
treatment for knee OA. The resolution rate of pain and physical
functional disability was significantly different between subjects
who had and had not undergone treatment for knee OA (chi-square
test, p<0.0001). Thus, we examined independent associations of
age, BMI, grip strength and KL grade with resolution of pain and
physical functional disability after adjustment for the treatment for
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Table 3. Age, BMI, grip strength, and WOMAC pain and physical function score according to resolution of pain and
physical functional disability in subjects with pain and physical functional disability at baseline, respectively.

Pain
N=1558

Physical function
N=611

Resolution of Continuous

Resolution of
physical functional Continuous physical

pain pain p value  disability functional disability p value

Men

N 38 149 33 174

Age 72.3+8.9 71.9x85 0.8 67.9*+11.6 73.4+7.6 0.0118

BMI 22.8+3.0 23.7+x33 0.08 234*32 23.6*+3.2 0.8041

Grip strength 32.6+6.4 324+75 08694 349+6.7 31.4+7.3 0.0091
WOMAC at baseline

Pain 1.82+£1.20 332%2.69 <0.0001 - - -

Physical function - - - 4.85+7.69 7.20*=7.58 0.1132
Women

N 97 274 58 346

Age 68.1x12.6 724+8.6 0.0022 68.1*+11.1 73.2+8.2 0.0015

BMI 224+32 240*+3.6 <0.0001 22.3*+3.2 23.6*3.6 0.0066

Grip strength 229+72 19.8+49 00002 237+74 19.7+54 0.0002
WOMAC at baseline

Pain 1.84+£1.18 3.68%£290 <0.0001 - - -

Physical function — - - 3331432 8.99+9.54 <0.0001

Values are the means = standard deviation.

BMI, body mass index; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.

knee OA. Results were similar to findings without adjustment for
treatment of knee OA (Supplementary Table 2 available online at
http://informahealthcare.com/doi/abs/10.3109/14397595.2014.
883055). In addition, we examined associations of age, BMI, grip
strength and severity of knee OA with worsening pain and physical
functional disability in subjects with pain and physical functional
disability at baseline (Supplementary Table 3 available online at
http://informahealthcare.com/doi/abs/10.3109/14397595.2014.
883055). Multiple logistic regression analysis showed that weaker
grip strength was a risk factor for worsening pain, whereas KL
3/4 knee OA was a risk factor for worsening physical functional
disability (Supplementary Table 4 available online at http://
informahealthcare.com/doi/abs/10.3109/14397595.2014.883055).

Discussion

This is the first longitudinal population-based study to examine the
onset, resolution and worsening of pain and physical functional
disability using WOMAC. We also clarified the associations of

age, BMI, grip strength and knee OA with the onset, resolution
and worsening of pain and physical functional disability.

Our previous study showed that onset of knee pain during 3
years was approximately 20% and 30% in men and women, respec-
tively [24]. The Chingford study also showed that more than 10%
women had onset of pain during 2 years [25]. However, in these
previous studies, knee pain was defined as present or absent,
rather than as an established measure of pain such as WOMAC.
In addition, in our previous study, we did not examine resolu-
tion of pain. In the present study, we found that 35% of men and
women had onset of pain. These values were higher than onset
values obtained from questionnaires in our previous study [24],
indicating that WOMAC may be more powerful for detecting pain
than questionnaires regarding only the presence or absence of
pain. We also found that pain disappeared in approximately 20%
men and 25% women using WOMAC. The Chingford study previ-
ously showed that knee pain disappeared in approximately 40%
of Caucasian women during 2 years using a questionnaire on the
presence and absence of pain [25], which is higher than the values

Table 4. Association of onset of pain and physical functional disability with age, BMI, grip strength, and KL grade.

Onset of pain

Onset of physical functional disability

Adjusted OR 95% CI p value Adjusted OR 95% CI p value

Men

Age (+ 1 year) - - - 1.05 1.02-1.08 0.0011

BMI (+ lkg/m?) - - - - - -

Grip strength (+ 1kg) - - - 1.01 0.97-1.04 0.628
KL grade

KL 0/1 - - - 1

KL 2 - - - 1.02 0.60-1.72 0.9504

KL 3/4 - - - 2.7 1.14-6.69 0.0274
Women

Age (+ 1 year) 1.02 1.003-1.04  0.023 1.05 1.03-1.07 <0.0001

BMI (+ lkg/m?) 1.08 1.03-1.15  0.0047 1.08 1.02-1.14 0.0141

Grip strength (+ 1kg) 0.99 0.96-1.02  0.4977 0.96 0.92-0.99 0.0152
KL grade

KL 0/1 1 1

KL2 1.09 0.74-1.61 0.6593 0.84 0.56-1.25 0.4035

KL 3/4 1.42 0.79-2.55  0.2337 1 0.54-1.82 0.9894

Multiple logistic regression analysis was used with significant variables (p <0.01) in univariate models as explanatory

variables.

BMLI, body mass index; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.
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found in the present study. This discrepancy between our study and
the Chingford study may be partly explained by age differences
in addition to different estimations for pain and racial differences,
because mean age was 52 years in the Chingford study compared
with 67 years in the present study. Furthermore, we first found
that approximately 40% men and women had onset of physical
functional disability and approximately 15% men and women had
resolution of physical functional disability. To our knowledge, no
other community-based studies have described longitudinal pat-
terns of physical functional disability, and the present study was
the first to clarify the onset and resolution of physical functional
disability using WOMAC.

Pain is the principal clinical symptom of knee OA [5], but,
although much effort has been devoted to defining knee pain,
the correlation with radiographic severity of the knee OA is not
as strong as one would expect [2,6-8]. In the present study, we
examined onset of pain according to KL grade using WOMAC.
In men and women without knee OA (KL 0/1), more than 30%
subjects had onset of pain. In addition, 50% of men and women
with KL 3/4 knee OA had onset of pain, meaning that 50% did
not have onset of pain despite having severe radiographic knee
OA. In fact, in the present study, radiographic knee OA was
not significantly associated with onset of pain in men, and after
adjustment, the significant association of knee OA with onset of
pain disappeared in women. These findings indicate that pain may
arise from a variety of structures other than joint cartilage, such
as menisci, synovium, ligaments, bursae, bone and bone marrow
[26-30]. In addition, in the present study, the risk for onset of
pain was higher with higher BMI rather than knee OA in women,
indicating knee pain may be prevented by reducing obesity.

In the present study, we also examined the association of knee
OA with the resolution of pain, and found that around 30% of men
and women without knee OA had resolution of knee pain, which
was a similar rate to onset of pain, and only 7% of men and 15%
of women with severe knee OA had resolution of knee pain. These
findings indicate that around 90% of subjects with severe knee OA

Knee OA with onset and resolution of pain and physical functional disability 971

had continuous knee pain. There were significant associations of
resolution of pain with KL grade. Considering the results of onset
of pain, severe knee OA may lead to difficulties with resolution
of pain rather than onset of pain, particularly in men. In addition,
after adjustment, resolution of pain was significantly associated
with lower BMI and higher grip strength, which is a useful marker
of muscle function and sarcopenia [15], rather than radiographic
knee OA, indicating that improvement of obesity and performing
muscle exercises may help make pain disappear. In addition, the
significant association of BMI and grip strength remained after
adjustment for treatment of knee OA, indicating that reducing
obesity and performing muscle exercises may be as important as
treatment to achieve resolution of pain due to knee OA.

We also found that severe knee OA was a risk factor for physi-
cal functional disability, particularly in men, despite the finding
that severe knee OA was not significantly associated with onset
of pain in men. Severe knee OA was not significantly associated
with onset of physical functional disability after adjustment for
age in women, despite the finding that severe knee OA was sig-
nificantly associated with onset of pain. This discrepancy between
gender may be partly explained by the idea that women are more
susceptible to pain. In fact, our previous study showed that the
prevalence of knee pain in women with KL 0/1, 2 and 3/4 knee OA
was significantly higher than that in men with KL 0/1, 2 and 3/4
knee OA, respectively?. In addition, risk factors for onset of physi-
cal functional disability were higher BMI and weaker grip strength
rather than knee OA in women in the present study. Grip strength
is a useful marker of muscle function and sarcopenia [15]. A previ-
ous study also showed that grip strength is related to total muscle
[19]. Results in the present study indicate that onset of physical
functional disability may be prevented by improvement of obesity
and muscle exercises.

In the present study, physical functional disability disappeared
in 20% of women without knee OA, whereas physical functional
disability disappeared only in 5% of women with severe knee OA.
The association of knee OA with resolution of physical functional

Table 5. Association of resolution of pain and physical functional disability with age, BMI, grip strength,

and KL grade.
Resolution of physical functional
Resolution of pain disability
Adjusted OR  95% CI p value Adjusted OR  95% CI p value

Men

Age (+ 1 year) - - - 0.95 0.90-0.9985  0.0443

BMI (+ 1kg/m?) 0.92 0.80-1.04  0.1994 - - -

Grip strength (+ 1kg) - - - 1.02 0.96-1.09 0.526
KL grade

KL 3/4 1 - - -

KL 2 2.37 0.52-16.8  0.3042 - - -

KL 0/1 5.18 1.32-34.6  0.0378 - - -
WOMAC at baseline

Pain 0.63 0.46-0.80  0.001 - - -

Physical function - - - - - -
Women

Age (+ 1 year) 0.99 0.96-1.02  0.6031 0.98 0.95-1.02 0.4081

BMI (+ 1kg/m?) 0.88 0.80-0.96  0.0034 0.93 0.84-1.02 0.1358

Grip strength (+ 1kg) 1.08 1.02-1.14  0.014 1.09 1.02-1.16 0.0123
KL grade

KL 3/4 1 1

KL 2 1.34 0.66-2.79  0.4312 3.04 1.15-9.62 0.0362

KL 0/1 1.71 0.79-3.77  0.1797 2.52 0.89-8.34 0.0997
WOMAC at baseline

Pain 0.66 0.53-0.78  <0.0001 - - =

Physical function - - - 0.87 0.78-0.93 0.0009

Multiple logistic regression analysis was used with significant variables (p<<0.01) in univariate model as

explanatory variables.

BMI, body mass index; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index; KL, Kellgren

Lawrence grade.
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disability remained significant after adjustment. This means that
in women without knee OA, pain may occur, but it may disappear
more easily. In addition, grip strength was also associated with
resolution of physical functional disability after adjustment, indi-
cating that muscle exercises may help make physical functional
disability disappear.

The present study showed gender differences in the associations
of knee OA with pain and physical functional disability. In women,
knee OA was significantly associated with onset of pain and physi-
cal functional disability as well as their resolution, whereas in men,
there were no significant association of knee OA with onset of
pain and resolution of physical functional disability. Our previous
cross-sectional study also showed that the odds ratio of knee pain
for KL 3/4 knee OA was approximately twice as high in women
as in men?. These findings may be partly explained by the lower
muscle mass in women compared with men. In men, muscular
strength may obscure the associations of knee OA with pain and
physical functional disability.

In conclusion, the present longitudinal study revealed the onset
rate of pain and physical functional disability as well as their
resolution rate using WOMAC. In addition, severe knee OA was
significantly associated with onset of pain and physical functional
disability as well as their resolution, particularly in women. Fur-
thermore, we also clarified that BMI and grip strength were associ-
ated with onset of pain and physical functional disability as well as
their resolution in women.
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Abstract

Objectives. To develop and evaluate an exercise program that the elderly could sustainably
perform in the community or at home to recover from locomotive syndrome.

Methods. We produced 2 types of teaching media, video and pamphlet, describing 10 physical
and mobility training exercises. The pilot study examined changes in pulse rate, percutaneous
oxygen saturation (Sp0,), and the Borg scale rating of perceived exertion in 20 elderly volun-
teers. Separately, 120 elderly subjects were recruited and divided into 3 groups according to the
teaching medium (video, group V; pamphlet, group P; none, group C). Before and 3 months after
the intervention, visual analog scale (VAS) scores of low back and knee pain, single-leg standing
time, 6-m walking time, Roland-Morris Disability Questionnaire, Oswestry Disability Index, Short
Form-8, and 25-question Geriatric Locomotive Function Scale were evaluated.

Results. Pulse-rate changes before and after exercise did not exceed 20 %, and SpO, changes
were within 4 points in all cases. The Borg scale ranged between 11 and 14. The intergroup
comparison revealed the advantage of the video program in improving the VAS of low back pain,
left-leg standing time, and 6-m walking time.

Conclusion. A video exercise program can potentially aid recovery from locomotive syndrome in
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the elderly.

Introduction

Population aging is occurring in countries worldwide, but it is
most advanced in highly developed countries. The population of
Japan in particular is aging very rapidly. According to an estimate
by the Ministry of Internal Affairs and Communications released
on October 1, 2007, 29,005,000 people (22.7 % of the total popula-
tion) in Japan were 65 years old or older [1]. The United Nations
has therefore labeled Japan a “superaged” society. Aging is associ-
ated with an increased risk of problems related to physical mobility.
By 2006, the number of elderly persons in Japan needing nursing
care had increased to 4,300,000; orthopedic problems are unques-
tionably one of the main reasons for this need [2]. According to
the Comprehensive Survey of Living Conditions conducted in
2007 by the Japan Ministry of Health, Labour and Welfare, the
most frequent symptom in both men and women 65 years old or
older was low back pain [3]. Joint disease is also a major cause
of the need for long-term care; in a large-scale population-based
cohort study, the number of patients in Japan with knee osteoar-
thritis (KOA) was estimated to be approximately 25 million [4].
To increase society’s awareness of this problem, the Japa-
nese Orthopaedic Association (JOA) has proposed the concept
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of locomotive syndrome, a condition in which the elderly receive
care services, or are at high risk of soon requiring care services,
because of difficulty with physical mobility [2, 5]. The earliest
possible intervention is required to prevent the need for long-term
care among individuals with locomotive syndrome.

Many reports indicated that exercise is effective for most
disorders affecting mobility, including low back pain and knee
disease [6, 7]. However, few reports have investigated the efficacy
of exercise for the elderly, especially from the point of view of
preventing locomotive syndrome. Because the elderly often have
multiple diseases that affect their mobility, studies to develop tools
for the early detection of locomotive syndrome are ongoing. Inves-
tigations of specific methods for teaching exercise to the elderly
are also underway.

The purposes of this study are to (1) develop an exercise
program that the elderly could sustainably perform in the com-
munity or at home, (2) investigate which medium of exercise
instruction (video or pamphlet) is superior, and (3) determine the
parameter that is most useful for evaluating the effectiveness of
this intervention for locomotive syndrome.

Methods

For this study, ‘“elderly” was defined according to the Japan
Ministry of Health, Labour and Welfare’s definition of 65 years old
or older. The study was conducted after approval from the ethics
review board and consent from the participants were obtained.
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Development of the exercise program for the elderly
Exercise program

Ten types of exercises that an elderly person could perform with-
out excess load on the musculoskeletal system or cardiopulmonary
function were selected from widely known physical and mobility
training exercises. The exercises were combined into a single exer-
cise program comprising 2 distinct parts:

(A) Mobility training for fall prevention (Fig. 1a)

1. Stepping (40 s)

2. Single-leg standing with eyes open (10 s/cycle X 4)
3. Squatting (10 s/cycle X 10)

4. Quadriceps femoris training (5 s/bilateral side X 5)

(B) Muscle training to prevent/improve low back pain (Fig. 1b)

Muscle training of the hips and pelvis (10 s/cycle X 8)
Exercises for back flexibility (10 s/cycle X 5)
Abdominal muscle training (10 s/cycle X 5)

Back muscle training (5 s/cycle X 3)

Stretching of the lumbar spine (30 s/cycle X 2)
Rounding the back like a cat (10 s)

kWD =
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Teaching materials

Two types of teaching media were produced (Fig. 2). One was
a DVD video of exercise demonstration by 2 instructors with
background music and commentary. The other was a pamphlet
including the same content as the DVD video but consisting of
photographs and descriptions. In the video, the rhythm was regu-
lated so that 4 beats of the background music lasted for 5 s.

Estimation of the physical load from the DVD video exercise

Twenty volunteers (age range 65—88 years) who used a day hospi-
tal service were asked to perform the video exercises for 15 min.
Changes in pulse rate and percutaneous oxygen saturation (SpO,)
before (within 5 min of starting) and after (within 60 s of finishing)
the exercise were measured. The Borg scale rating of perceived
exertion (RPE, range 6-20) was also recorded to measure the sub-
jective intensity level of the physical activity [8].

Evaluation of the efficacy of the exercise program

Participants and sampling in groups

One hundred twenty elderly residents (age range 65-85 years,
mean 72.2 years) of Hashimoto City were recruited by open

Fig. 1 Exercise program for the elderly. (a) Mobility training for fall prevention: (1) stepping, (2) single-leg standing with eyes open, (3) squatting, and
(4) quadriceps femoris training. (b) Muscle training to prevent/improve low back pain: (1) muscle training of the hips and pelvis, (2) exercises for back
flexibility, (3) abdominal muscle training, (4) back muscle training, (5) stretching of the lumbar spine, and (6) rounding the back like a cat
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Fig. 2 Two types of teaching media produced for the participants. (a) DVD jacket cover. (b) Example of the instructions in the pamphlet: (1) stepping
(top), (2) single-leg standing with eyes open (middle), and (3) squatting (bottom)

invitation. Hashimoto City is located between the mountains and
a dormitory town of Osaka. In 2008, elderly people constituted
22.3 % of the approximately 69,000-resident population.

The participants were divided randomly into the following
3 groups by a member of the city staff: (1) group V participants
performed the exercises while watching the video; (2) group P par-
ticipants performed the exercises while reading the pamphlet; and
(3) group C participants did not perform the exercises. Participants
were allowed to change groups when requested because of a family
relationship or friendship. Finally, there were 43, 41, and 36 par-
ticipants in groups V, P, and C, respectively. Participants in groups
V and P were instructed to perform all exercises twice a day. The
period of intervention was set at 3 months.

Radiographic assessment

All participants underwent radiographic examination at the start of
the intervention to assess degenerative changes in their knee joints
or lumbar spine. KOA and lumbar spondylosis (LS) were defined
as grade =2 on the Kellgren—-Lawrence scale [9]; i.e., radiographic
findings of definite osteophytes and definite narrowing of the joint
space or intervertebral space were defined as grade 2. Osteopo-
rosis (OP) of the lumbar spine was defined as sparse or absent
longitudinal trabeculae in the vertebral body in accordance with
the criteria proposed by the Japanese Society for Bone and Mineral
Research [10]. Vertebral fracture was assessed by a quantitative

95

method using lateral radiographs of the lumbar spine (L1-L5),
according to the Japanese Society of Bone and Mineral Research
criteria [10]. Wedge appearance was defined as a site at which the
anterior height of the vertebra was <75 % of the posterior height.
Biconcave appearance occurred if the height of the central part of
the vertebra was =80 % of that of the anterior or posterior parts of
the vertebra. Crush appearance was indicated if the heights of the
anterior, central, and posterior parts of an axial vertebra were all
reduced to =80 % of the normal values.

Clinical assessment

Clinical assessments of the participants were performed at the
start of the intervention. Anthropometric measurements included
height, weight, and body mass index [BMI; weight (kg)/height
(m?)]. To evaluate physical performance, the single-leg standing
time for each leg was measured using a stopwatch (upper limit,
60 s). Six-meter walking times with normal steps and quick steps
were also measured using a stopwatch. These measurements were
performed by members of the local government staff who were
blinded to the intervention groups. At the same time, the par-
ticipants completed several types of self-report questionnaires.
Presence of pain was assessed by a questionnaire asking the par-
ticipants if they had experienced low back pain or knee pain last-
ing more than 24 h within the previous month. The participants
were also asked to rate the intensity of their current pain pertaining
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to the lower back or knee joints by using a visual analog scale
(VAS, range 0-100). For the assessment of functional disabil-
ity, participants completed the Oswestry Disability Index (ODI,
Japanese version; range 0—-100) [11]; for the assessment of low
back pain, the Roland—Morris Disability Questionnaire (RDQ,
Japanese version; range 0—24) [11-13] was used. The participants
completed the Short Form-8 health survey (SF-8, Japanese version)
[14] for assessment of health-related quality of life. The physical
component summary (PCS) and mental component summary
(MCS) scores of this instrument were calculated using the norm-
based scoring system [14]. The 25-question Geriatric Locomotive
Function Scale (GLFS-25, Japanese version) was used to detect
locomotive syndrome [15]. The GLFS-25 is a self-administered,
relatively comprehensive measure consisting of 25 items. These
25 items are graded on a 5-point scale, ranging from no impair-
ment (0 points) to severe impairment (4 points), and the scores are
then added together to produce a total (range 0-100). We set the
cutoff score for identifying locomotive syndrome at 16, according
to the currently accepted criteria [15].

The same clinical assessments, excluding anthropometric
measurements or the presence of pain, were performed at the end
(after 12 weeks) of the intervention. In addition, the participants
in groups V and P recorded their daily level of exercise during the
intervention. When a subject performed all of the exercises once, a
score of 2 was given. One point was given if some of the exercises
were performed, and a score of O was given if the subject did not
perform any exercises. Because the participants in the 2 groups
were instructed to perform all of the exercises twice daily, the
possible range of daily points was 0—4. The exercise achievement
summary scale was calculated using the following formula: (sum
of the daily points/4 X number of days) X 100.

Statistical analyses

JMP9 (SAS Institute Inc., Cary, NC, USA) and IBM SPSS Sta-
tistics 18 (International Business Machines Corp., Armonk, NY,
USA) statistical software were used for the statistical analyses in
this study. To compare the baseline data among the 3 groups, a chi-
square test for independence was used for proportional variables
(sex and prevalence). One-factor analysis of variance (ANOVA)

Table 1. Physical load of the DVD video exercise in 20 volunteers

Video exercise program for locomotive syndrome in the elderly 253

was performed for parametric variables (age, VAS, single-leg
standing time, and 6-m walking time). A Kruskal-Wallis rank test
was performed for nonparametric data (RDQ, ODI, PCS, MCS,
and GLFS-25). For intragroup comparisons between baseline and
3 months after the intervention, a paired ¢ test was used for para-
metric data (age, VAS, single-leg standing time, and 6-m walking
time) and a Wilcoxon signed-rank test was used for nonparametric
data (RDQ, ODI, PCS, MCS, and GLFS-25). A Mann—-Whitney
U test was applied to compare the exercise achievement summary
scale scores between groups V and P. The intervention effect (the
change of each parameter) was also compared. In advance of the
comparison, split-plot ANOVA was performed to assess inter- and
intragroup differences by using repeated values of VAS; single-leg
standing time; 6-m walking time; and PCS, MCS, RDQ, ODI, and
GLFS-25 scores as objective factors and group as an explanatory
factor. Mauchly’s sphericity test was used to validate the equality of
the variances for repeated measures of the 3 groups. Subsequently,
Scheffé’s F post hoc pairwise multiple-comparison test was per-
formed to assess the significance of the mean differences between
the groups. In cases in which the baseline parameters significantly
differed among the groups, analysis of covariance (ANCOVA) was
applied in which the baseline value was added as a covariate. A
value of p < 0.05 was considered significant.

Results
Physical load of the DVD video exercise

All 20 elderly participants with locomotive disability and/or con-
comitant internal disease completed the 15-min DVD video exer-
cise program. Pulse-rate changes before and after exercise did not
exceed 20 %, and SpO, changes were within 4 points in all cases.
The RPE scores were 11 (light), 12, 13 (somewhat hard), and 14
for 5, 12, 2, and 1 participants, respectively. No participants had
a score of 15 (hard) or higher for the intensity of the exercises
(Table 1).

Efficacy of the exercise program

Table 2 presents the age, anthropometric measurements, preva-
lence of bone and joint diseases, and SF-8 summary scores (i.e.,

Concomitant chronic diseases Pulse rate (bpm) SpO, (%)
Musculoskeletal
No.  Age(years) Sex disease Internal disease Before EX  After EX  Before EX  After EX RPE
1 78 Female LBP HT, bronchial asthma 74 78 95 95 12
2 71 Female  LBP DM 88 84 93 92 12
3 69 Female LBP HT 92 91 96 96 13
4 73 Female  LBP 78 76 95 93 11
5 66 Female Hyperlipemia 88 84 92 92 12
6 74 Female  KOA HT 84 90 96 94 12
7 66 Male HT, cerebral infarction 89 92 95 95 11
8 88 Male LBP HT, arrhythmia 81 83 94 92 12
9 65 Male LSS 76 88 95 92 12
10 80 Male LBP, KOA arrhythmia 78 92 95 91 14
11 83 Female  LBP Cerebral infarction 77 79 97 97 11
12 82 Male LBP HT 80 84 97 96 12
13 80 Male LBP Parkinson’s disease 80 88 94 96 12
14 69 Male LSS HT 85 87 96 96 12
15 73 Male LBP DM 72 68 97 95 11
16 78 Female LBP HT, arrhythmia 85 89 93 93 12
17 77 Male LBP Vertigo 63 72 97 97 11
18 79 Male HT, bronchitis, angina pectoris 69 72 95 97 12
19 75 Male LBP Bronchial asthma 82 96 90 90 13
20 70 Male LBP, HOA 86 86 97 95 12

Perceived exertion ratings of 12—14 suggest that physical activity was performed at a moderate level of intensity
LBP low back pain, LSS lumbar spinal stenosis, KOA knee osteoarthritis, HOA hip osteoarthritis, HT hypertension, DM diabetes mellitus, bpm beats per

minute, EX exercise, SpO, percutaneous oxygen saturation, RPE Borg rating of perceived exertion scale (range 6-20); RPE 11, “light” intensity; RPE
13, “somewhat hard” intensity; RPE 15, “hard” intensity
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Table 2. Characteristics of 120 elderly participants

Mod Rheumatol, 2014; 24(2): 250-257

Table 3. Characteristics of the participants in the 3 intervention groups

Men Women Group V Group P Group C
Number of subjects 32 88 Number of subjects 43 41 36
Age (years) 74.1 =54 71.6 =43 Age (years) 729 £5.1 70.9 £ 3.9 73.1 £4.9
Height (cm) 1645 = 4.7 151.4 = 4.9 Gender (male:female) 18:25% 7:34 7:29
Body weight (kg) 67.2£9.1 53.1+17.7 Body mass index 235*3.0 235%26 23.5+33
Body mass index (kg/m?) 248 26 23.1 3.0 (kg/m?)
Prevalence Prevalence
Musculoskeletal pain Musculoskeletal pain
Low back pain 26/31 (83.9 %) 58/86 (67.4 %) Low back pain 32/42 (76.2 %) 30/40 (75.0 %) 22/35 (62.9 %)
Knee pain 11/31 (35.5 %) 32/86 (37.2 %) Knee pain 15/42 (35.7 %) 15/41 (36.6 %) 12/36 (33.3 %)
Radiographic findings Radiographic findings
LS 28/31 (90.3 %) 71/86 (82.6 %) LS 36/40 (90.0 %) 32/41 (78.0 %) 31/36 (86.1 %)
KOA 16/32 (48.4 %) 67/86 (77.9 %) KOA 25/40 (62.5 %) 30/41 (73.2 %) 27/36 (75.0 %)
OP of the lumbar spine 1/31 (3.2 %) 38/86 (44.2 %) OP of the lumbar ~ 10/40 (25.0 %) 18/41 (43.9 %) 11/36 (30.6 %)
VF of the lumbar spine 1/31 (3.2 %) 11/86 (12.8 %) spine
Locomotive syndrome 8/31 (25.8 %) 36/88 (40.9 %) Locomotive 17/42 (40.5 %) 15/41 (36.6 %) 12/36 (33.3 %)
Short Form-8 summary scores syndrome

PCS
MCS

46.1 (40.9-49.3)
52.1 (49.6-55.7)

45.3 (41.2-49.6)
53.0 (48.3-55.3)

PCS and MCS presented as median (25-75 %). Locomotive syndrome
was indicated by the 25-question Geriatric Locomotive Function Scale
when the total score was =16 points

LS lumbar spondylosis, KOA knee osteoarthritis, OP osteoporosis,
VF vertebral fracture, PCS physical component scale, MCS mental
component scale

PCS and MCS) in men and women. These data are used to verify
the characteristics of the participants in the “Discussion.”

The participants’ characteristics by group are presented in
Table 3. The mean age and BMI of the participants did not dif-
fer significantly among the 3 groups. There was a bias in the sex
distribution among the 3 groups (p = 0.0453). At the start of the
intervention, the prevalence of low back and knee pain did not dif-
fer significantly among the groups. No significant differences were
observed among the groups regarding the prevalence of LS, KOA,
and OP, although there was a tendency of a relatively higher preva-
lence of OP in group P. In total, 17 of 42 participants in group V,
15 of 41 participants in group P, and 12 of 36 participants in group
C were diagnosed with locomotive syndrome. The prevalence of
locomotive syndrome was not significantly different among the
groups.

The follow-up rates (proportion of the participants who
completed the 3-month intervention) were 88.4, 90.2, and
83.3 % for groups V, P, and C, respectively. One woman in group
P withdrew from the study because she sustained a vertebral body
fracture during her daily activities. Furthermore, 1 woman in
group C withdrew because she was awaiting surgery for cervical
spondylotic myelopathy. Another 13 participants withdrew from
the study for personal reasons. No participants in group V or group
P withdrew because of the difficulty of the exercise itself. The
exercise achievement summary scale score in group V (median =
74.1 %, 25-75 percentile = 58.0-91.7 %) was significantly higher
(p = 0.0015) than that in group P (median = 53.2 %, 25-75 per-
centile = 35.9-73.8 %). There was no significant difference in the
exercise achievement summary scale score between men (median
=69.6 %, 25-75 percentile = 40.4-91.1 %) and women (median =
64.7 %, 25-75 percentile = 39.1-81.2 %).

Changes in the evaluation items before and after the interven-
tion are presented in Table 4. Group V included more physically
inferior participants than the other 2 groups at baseline. During the
3 months, different responses to the intervention were observed in
each group. In group V, significant improvements were observed
in the VAS score for low back pain, single-leg standing time (both
right and left legs), 6-m walking time (both with normal steps and
with quick steps), and PCS score. In group P, significant improve-
ments were observed in the single-leg standing time (left leg)
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Locomotive syndrome was indicated by the 25-question Geriatric
Locomotive Function Scale when the total score was =16 points

Group V video exercise group, Group P pamphlet exercise group, Group
C control group, LS lumbar spondylosis, KOA knee osteoarthritis,
OP osteoporosis

*p < 0.05

and PCS and RDQ scores. In group C, no significant change was
observed in any parameter during the 3 months.

Thereafter, the changes in each parameter were compared
among groups V, P, and C (Table 5). Split-plot ANOVA revealed
a significant interaction for the VAS of low back pain, single-leg
standing time (left leg), and 6-m walking time for both normal
and quick steps among the 3 groups. The baseline values of the
6-m walking time (with both normal and quick steps) and PCS
score were significantly different among the 3 groups. ANOVA
revealed significant differences in changes in the VAS of low back
pain, left-leg standing time, 6-m walking time (both with normal
steps and with quick steps), and PCS score among the groups.
Statistical differences were observed in these parameters exclud-
ing the PCS score after adjustment by the covariate (i.e., baseline
value) in ANCOVA. Moreover, statistical differences were simi-
larly observed in the same parameters (VAS of low back pain: p =
0.0471; left-leg standing time: p = 0.0205; 6-m walking time with
normal steps: p = 0.0155; 6-m walking time with quick steps: p =
0.0422) when gender was added as a covariate.

During the 3 months, the numbers of locomotive syndrome
participants who withdrew from the study were 0, 2, and 3 in
groups V, P, and C, respectively. In total, 6 of 17 participants in
group V, 3 of 13 participants in group P, and 0 of 9 participants
in group C recovered from locomotive syndrome after the
intervention.

Discussion

As stated in the “Introduction” the increasing number of elderly
persons who need nursing care is becoming an urgent social issue
in many countries. At the beginning of this study, we indicated
3 purposes for conducting an exercise intervention to recover from
locomotive syndrome.

The first purpose of this study was to develop an exercise
program that the elderly could sustainably perform in the commu-
nity or at home. It was intended that the video exercise program in
this study would be performed without difficulty by the elderly and
would thus improve their physical performance and prevent the
need for long-term care. Each exercise that we selected has been
conventionally used for patients, depending on their condition. The
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Table 4. Changes in the evaluation items before and after intervention
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Group V (n = 38)

Group P (n =37) Group C (n = 30)

Baseline 3 months later Baseline 3 months later Baseline 3 months later

Visual analog scales

Low back pain 385+223 25.6 £ 18.0%* 327 £21.2 31.5 £27.7 282 £264 223 £243

Knee pain 19.5 = 19.5 21.8 232 19.8 £ 17.3 14.8 = 15.7 21.6 = 23.1 169 = 17.5
Single-leg standing time

Right leg (s) 33.7*+229 42.8 = 21.8% 42.6 =227 424 =221 38.2 £25.0 389 +234

Left leg (s) 27.0 £ 225 39.3 £ 23.5%* 37.7 £219 45.0 = 19.3* 329 £234 349 +223
6-m walking time

Normal steps (s) 5707 54 *+0.9* 49 + 1.1 53 = 1.0*% 51 =% 1.1 52+ 1.0

Quick steps (s) 44 +0.6 4.2 + 0.6%* 38*+0.7 39+0.7 4.1+0.8 39*0.6
Short Form-8 summary scores

PCS 425 (38.6-47.9) 44.1 (40.4-49.1)* 45.1 (41.0-48.8)  47.9 (42.8-51.8)*  49.1 (44.8-52.1)  48.6 (43.5-52.7)

MCS 52.9 (49.0-55.7)  53.9 (48.3-56.7) 53.0 (49.3-56.3)  54.3 (51.4-56.4) 52.8 (47.2-55.2)  52.8 (48.0-55.2)
RDQ score 4.0 (2.0-9.0) 4.0 (0.0-11.0) 3.5(0.0-7.3) 2.0 (0.0-6.5)* 2.0 (0.0-5.5) 1.0 (0.0-5.0)
ODI (% disability) 17.8 (7.2-30.6) 17.8 (6.7-30.6) 17.8 (8.9-23.9) 14.4 (5.0-24.4) 13.3(3.3-22.2) 11.1 (2.8-21.7)
GLFS-25 score 14.0 (6.0-27.3) 10.0 (5.5-20) 10.0 (5.5-23) 7.0 (4.0-19.5) 10.0 (5.0-16.0) 9.0 (4.0-17.0)

Visual analog scales, single-leg standing time, and 6-m walking time presented as mean * standard deviation. Short Form-8 summary scores, RDQ

score, ODI, and GLFS-25 score presented as median (25-75 %)

Group V video exercise group, Group P pamphlet exercise group, Group C control group, PCS physical component scale, MCS mental component scale,
RDQ Roland-Morris Disability Questionnaire, ODI Oswestry Disability Index, GLFS-25 the 25-question Geriatric Locomotive Function Scale

*p < 0.05, **p < 0.01

first half of the program consists of quadriceps femoris exercise
and fall-prevention exercises, which are reported to be effective for
KOA [16]. The latter half of the program consists of exercises for
low back pain. Many studies have confirmed the effectiveness of
these exercises [6, 17]. The current exercise program was intended
to improve general physical performance with the aim of prevent-
ing locomotive syndrome because the elderly often have multiple
diseases affecting their mobility. During the development of the
program, the first consideration was to avoid an excessive burden
on the cardiopulmonary function of the participants. The pilot
study, which examined the physical load on 20 elderly volunteers,
demonstrated that pulse-rate changes before and after exercise did
not exceed 20 % and that the SpO, change was within 4 points
in all the cases. The RPE scores were 11-14 for all participants.
These results confirmed that the video exercise program provided
a moderate physical load for most of the elderly participants
without imposing an excessive cardiopulmonary burden.

The second purpose of this study was to determine which
medium of exercise instruction (video or pamphlet) is superior.
We investigated the short-term efficacy of the exercise program
with regard to physical performance in elderly participants

Table 5. Intergroup comparison of the change of each parameter

and compared the effectiveness of the different teaching media.
Several studies have used a video exercise program for frail elderly
individuals [18, 19]. The superiority of video programs over writ-
ten instructions has been reported for shoulder exercises [20]
and for educating candidates for back surgery [21] and total knee
arthroplasty [22]. Therefore, we expected that the video exercise
program would relieve participants of body pain and improve their
physical performance better than the pamphlet exercise program
at the beginning of this study. In fact, the exercise achievement
summary scale score in group V was significantly higher than that
in group P. This finding indicated that the video exercise program
provides greater motivation for participants than does the pamphlet
exercise program. Moreover, intergroup comparisons of changes
in the parameters after 3 months revealed statistically significant
differences among the groups.

The third purpose of this study was to determine which param-
eter is most useful for evaluating the effectiveness of this interven-
tion in preventing locomotive syndrome. We used the single-leg
standing and 6-m walking tests as indices of physical performance
to evaluate the effect of exercise on the elderly participants. The
single-leg standing test has been reported to be a useful index for

Effect of intervention

Interaction Baseline value
Split-plot ANOVA ANOVA ANOVA ANCOVA
p value p value p value p value
Visual analog scales
Low back pain 0.027 0.250 0.037
Knee pain 0.266 0.892 0.182
Single-leg standing time
Right leg 0.150 0.154 0.150
Left leg 0.024 0.069 0.009
6-m walking time
Normal steps <0.001 <0.001 <0.001 0.022
Quick steps 0.001 0.001 0.001 0.040
Short Form-8 summary scores
PCS 0.088 0.016 0.014 0.426
MCS 0.798 0.316 0.230
RDQ score 0.436 0.454 0.099
ODI (% disability) 0.803 0.669 0.297
GLFS-25 score 0.347 0.690 0.508

Values in bold are statistically significant

ANOVA analysis of variance, ANCOVA analysis of covariance, PCS physical component scale, MCS mental component scale, RDQ Roland-Morris
Disability Questionnaire, ODI Oswestry Disability Index, GLFS-25 the 25-question Geriatric Locomotive Function Scale
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examining elderly populations [23]. Moreover, gait velocity has
been reported to be sensitive to changes in mobility in frail elderly
individuals [23-25]. Although the observation period of this study
was short, the values of the 2 measurements revealed significant
improvement, at least in group V. These 2 measurements may be
useful indices for evaluating short-term effects on physical perfor-
mance (mobility and static balance) in elderly individuals.

This study had several limitations. First, the grouping of the
participants was not perfectly randomized. Group V included
more physically inferior participants than the other 2 groups. We
permitted group changes as requested by the participants because
they were recruited from a community-based population. It was
difficult to place couples and friends in different groups without
the risk of information leakage. The short period (3 months) of the
intervention/observation was another limitation of this study. If the
aim of the study is to prevent the need for care in elderly individu-
als, then a longer observation time is necessary. Further investiga-
tion is necessary regarding the long-term effects on society, such
as changes in medical costs and the number of elderly individu-
als requiring nursing care. Regarding the static balance exercise,
the significant improvement in the single-leg standing time after
3 months may be surprising especially because our exercise pro-
gram contains only a short (i.e., 10 s/cycle X 4) single-leg standing
exercise. The JOA and the Japanese Clinical Orthopaedic Asso-
ciation (JCOA) recommend the one-leg standing balance exercise
for 1 min to prevent falls and hip fractures [26, 27]. A systematic
review concerning falls prevention suggests that greater relative
effects are observed in programs that include exercises that chal-
lenge balance (exercises conducted while standing in which people
aim to stand with their feet closer together or on 1 leg, minimize
the use of their hands to assist, and practice controlled movements
of the center of gravity), use a higher intensity of exercise, and do
not include a walking program [28]. A Cochrane review including
94 studies of balance exercise in the elderly suggests that the more
effective programs ran 3 times a week for 3 months and involved
dynamic exercise in standing [29]. We believe our results do not
contradict the summary of the 2 systematic reviews. Moreover, we
speculate that the improvement of our participants in a short time
may be due to the mildness of locomotive disability among the
participants. Our participants were community-dwelling elderly
subjects, whereas the subjects in the JOA and JCOA reports were
clinic patients [26, 27]. We may need to verify the possibility that
the participants were healthy apart from their locomotive disability
because the participants of this study were community-dwelling
individuals who were recruited by open invitation. However, the
data presented in Table 2 suggest that the participants were not
particularly healthy with respect to their musculoskeletal condi-
tions. The mean ages of the male and female participants of the
current study were 74.1 and 71.6 years, respectively. In a study
of a large-scale population-based cohort in Japan, Yoshimura
et al. [4] found that the prevalences of KOA, LS, and lumbar OP
in the group aged 70-79 years were 48.2, 85.3, and 3.6 %, respec-
tively, among men and 71.9, 75.1, and 29.8 %, respectively, among
women. Muraki et al. [30, 31] reported that, among the radiologi-
cal osteoarthritis-affected subjects, one-fourth of the male partici-
pants and one-third of the female participants experienced pain.
The national standard values (median) of PCS and MCS scores
were 47.5 and 53.1, respectively, for men, and 47.3 and 53.6,
respectively, for women (age range 70-75 years) [14]. Although
careful judgment is required when comparing our data with those
of previous studies, it may be safely said that our participants con-
stituted a typical group for their age with respect to their mobility,
rather than a particularly healthy volunteer group.

In conclusion, this study confirmed the safety of the exercise
program we developed and indicated that the video exercise pro-
gram provides greater motivation to participants than does the
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pamphlet exercise program. Moreover, this study demonstrated
that our exercise program may improve low back pain and func-
tional disability in participants. The single-leg standing and 6-m
walking tests are possibly useful indices for evaluating the short-
term effects of exercise on balance and mobility in the elderly.
Although these results are preliminary, we believe that this study
provides fundamental information for future studies.
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Abstract

Summary The prevalence of radiographic cervical ossification
of the posterior longitudinal ligament (OPLL) in 1,562 Japa-
nese from a population-based cohort was 1.9 %. The presence
of OPLL showed a significant association with the femoral
neck bone mineral density (BMD), presence of diffuse idio-
pathic skeletal hyperostosis (DISH) and plasma pentosidine
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levels. Only one new case of radiographic OPLL was detected,
but OPLL progressed in all affected subjects.

Introduction The purpose of this study was to clarify the
prevalence and progression of radiographic OPLL and the
associated factors, using the population-based cohort Research
on Osteoarthritis/osteoporosis Against Disability (ROAD).
Methods In the ROAD study, 1,690 participants underwent
X-ray examination of the entire spine and both knees. Radio-
graphic OPLL, lumbar spondylosis, knee osteoarthritis and
DISH were diagnosed by a single, well-experienced orthopae-
dic surgeon. An interviewer-administered questionnaire and
tests for anthropometric measurements were administered,
and the BMDs of the lumbar spine and proximal femur were
determined. A new OPLL case was considered if heterotopic
ossification in the posterior longitudinal ligament was absent
at baseline but present during follow-up. Progression was
defined as an increase in the maximum length or width of
the ossification at follow-up over that at baseline.

Results Radiographic OPLL was detected in 30 (17 men, 13
women) of 1,562 individuals who underwent X-ray examina-
tion of the cervical spine (prevalence=1.9 %). Its prevalence
was significantly higher in men than in women (p =0.007), but
no association with age was observed. In a logistic regression
analysis, OPLL showed a significant association with the fem-
oral neck BMD, presence of DISH and plasma pentosidine
levels. Only one new case of radiographic OPLL was detected,
but OPLL progressed in all affected subjects.

Conclusion This population-based study clarified the preva-
lence of radiographic OPLL in the Japanese population as
well as its progression. OPLL showed significant association
with plasma pentosidine levels, BMD and DISH.

Keywords Bone mineral density - Diffuse idiopathic skeletal

hyperostosis - Ossification of posterior longitudinal ligament of
cervical spine - Plasma pentosidine - Prevalence - Progression
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Introduction

Ossification of the posterior longitudinal ligament of the spine
(OPLL) is the pathological ectopic ossification of this ligament
at the cervical and thoracic spine. It causes myeloradiculopathy
as a result of chronic pressure on the spinal cord and nerve roots
[1, 2]. Epidemiologic studies have shown a relatively high
prevalence of OPLL among the Japanese, a slightly lower
prevalence among East Asians and a substantially lower prev-
alence among whites [3, 4].

In terms of its characteristics, several epidemiological stud-
ies have reported that adult-onset obesity and diabetes mellitus
(DM) are independent risk factors of OPLL [5, 6]. Further,
OPLL often coincides with diffuse idiopathic skeletal hyperos-
tosis (DISH), a systemic disorder of hyperossification. McAfee
et al. [7] found that seven (50 %) of 14 patients with OPLL had
DISH, and in a Japanese study, DISH was present in 27 (25 %)
of 109 patients with OPLL [8].

Besides the coexistence of other disorders such as DM and
DISH, little detailed information is available on the profile of
OPLL in the general population. These data are important in
order to characterise the disease burden. In addition, limited
information is available regarding factors associated with OPLL,
including biochemical markers of bone turnover, bone mineral
density (BMD) values, lifestyle factors, or other coexisting
disorders, such as dyslipidaemia, impairment of glucose toler-
ance, lumbar spondylosis (LS) and knee osteoarthritis (KOA).

Thus, the aims of the present study were to clarify the prev-
alence of OPLL in the Japanese population and to examine the
association of OPLL with biological and environmental factors
as well as coexisting disorders. For this, we used a questionnaire
survey and the large, population-based cohort Research on
Osteoarthritis/osteoporosis Against Disability (ROAD), which
included lifestyle factors and nutrition, blood and urinary exam-
inations, BMD measurements and X-ray examinations [9, 10].

Methods
Outline of the ROAD study

We conducted the present study using the cohorts established in
2005 for the ROAD study. The ROAD study is a nationwide,
prospective study of OA comprising population-based cohorts
from several communities in Japan. The details of the cohort
profile have been reported elsewhere [9, 10]. Briefly, in 2005—
2007, we created a baseline database that included clinical and
genetic information for 3,040 residents of Japan (1,061 men,
1,979 women); the mean age (deviation [SD]) of the partici-
pants was 70.3 [11.0]years (71.0 [10.7]years for men and 69.9
[11.2]years for women). The subjects were recruited from
resident registration listings in three communities with different
characteristics: 1,350 subjects (465 men, 885 women) were
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from an urban region in Itabashi, Tokyo; 864 subjects (319
men, 545 women) were from a mountainous region in
Hidakagawa, Wakayama and 826 subjects (277 men, 549
women) were from a coastal region in Taiji, Wakayama.

The participants completed an interviewer-administered
questionnaire of 400 items that included lifestyle information
such as occupation, smoking habits and alcohol consumption;
family history; medical history; physical activity; reproductive
variables and health-related quality of life. A questionnaire
was prepared by modifying the one used in the Osteoporotic
Fractures in Men Study [11], and some new items were added
to the modified questionnaire. The participants were asked
whether they took prescription medication daily or nearly
every day (0 =no, 1 = yes). If participants did not know the
reason for the prescribed medication, they were asked to bring
their medications to the medical doctor (NY).

Anthropometric measurements included height (in
centimetres), body weight (in kilograms), arm span (in
centimetres), bilateral grip strength (in kilograms) and body
mass index (BMI; in kilograms per square metre). Experi-
enced orthopaedic surgeons collected medical information on
systematic, local and mental status, including information on
back, knee and hip pain; swelling and range of motion of the
joints and patellar and Achilles tendon reflexes.

In 2008-2010, we attempted to locate and follow up all
3,040 subjects. They were invited for the second survey of the
ROAD study, which included a 3-year follow-up of the same
examinations as the baseline.

Subjects eligible for the present study

In the present study, we enrolled all 1,690 subjects (men, 596;
women, 1,094) from mountainous and coastal areas who had
enrolled in the ROAD study. In the ROAD study, X-ray exam-
ination of the cervical and thoracic spine had been performed
only for these subjects and not for those from the urban region.
Further, for all these 1,690 participants, the BMDs for the
lumbar spine and the proximal femur had been measured using
dual energy X-ray absorptiometry (Hologic Discovery; Hologic,
Waltham, MA, USA) during the baseline examination. Addi-
tionally, blood and urinary examinations had also been
performed for these subjects.

The study participants provided written informed consent,
and 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).

Radiographic assessment

Plain radiographs were obtained for the cervical, thoracic and
lumbar spine in the anteroposterior and lateral views and both
knees in the anteroposterior view with weight-bearing and foot-
map positioning.
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Cervical OPLL was diagnosed using plain radiographs of
the cervical spine in the lateral view. OPLL was indicated by
the presence of heterotopic ossification in the posterior longi-
tudinal ligament on a lateral cervical radiograph. Radiograph-
ic OPLL was diagnosed by a single, experienced orthopaedic
surgeon (KN) who was blinded to participants’ clinical status.
OPLL was classified into the following types: continuous,
segmental and mixed. In the original OPLL classification by
Tsuyama [3], it was categorised into four modes, namely
continuous, segmental, mixed and localised. However, here,
because of the small number of subjects in the localised
category, these subjects were included in the continuous cat-
egory. If OPLL was observed, the maximum length (continu-
ous and localised type, upper limit to lower limit; segmental
and mixed types, upper limit to lower limit of the longest serial
region) and width of ossification were measured using the
imaging software OsiriX (http://www.osirix-viewer.com/).

In addition, using radiographs of spine and knees, we
determined the grade of OA. The severity of radiographic
OA was determined according to the Kellgren—Lawrence
(KL) grading [12] as follows: KLO, normal; KL1, slight
osteophytes; KL2, definite osteophytes; KL3, joint or
intervertebral space narrowing with large osteophytes and
KLA4, bone sclerosis, joint or intervertebral space narrowing
and large osteophytes. Radiographs for each site, i.e. the
vertebrae and knees, were examined by a single, experienced
orthopaedic surgeon (SM) who was blinded to participants’
clinical status. In the present study, the subject’s KL grade was
considered the maximum grade diagnosed for at least one
intervertebral level of the lumbar spine or at least one knee
joint.

We also investigated the presence of DISH using whole-
spine X-ray films. The criterion for the definite diagnosis of
DISH was the presence of four or more vertebral bodies with
contiguous ligamentous ossification and calcification, which
is known as Resnick and Niwayama’s criterion [13]. DISH
was diagnosed by a single, experienced orthopaedic surgeon
(RK) who was blinded to participants’ clinical status.

Blood and urine examinations

Samples were collected from the end of October to the middle
of January from both mountainous and coastal areas. All
blood and urine samples were extracted between 0900 and
1500 hours. The blood samples were centrifuged, and the sera
and urine samples were immediately placed on dry ice and
transferred to a deep freezer within 24 h. The samples were
stored at —80 °C until assayed.

The blood samples were used to measure haemoglobin Alc
(HbAlc, Japan Diabetes Society), serum levels of total cho-
lesterol, uric acid and creatinine levels. The analyses were
performed at the same laboratory within 24 h of collection
(Osaka Kessei Research Laboratories, Inc., Osaka, Japan).
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Serum levels of intact parathyroid hormone (iPTH) were
measured using an electrochemiluminescence immunoassay
(Roche Diagnostics GmbH, Mannheim, Germany). As a marker
of bone formation, serum levels of N-terminal propeptide of
type I procollagen (PINP) were measured using a radioimmu-
noassay (Orion Diagnostics, Espoo, Finland). The urinary levels
of B-isomerised C-terminal cross-linking telopeptide of type I
collagen (3-CTX), a bone resorption marker, were determined
using an enzyme-linked immunosorbent assay (Fujirebio, Inc.,
Tokyo, Japan). Urinary (3-CTX values were standardised to
urinary creatinine concentrations. Plasma pentosidine levels
were detected using a competitive ELISA kit (FSK pentosidine
ELISA kit; Fushimi Pharmaceutical, Kagawa, Japan) as previ-
ously described [14].

Three-year follow-up and definition of OPLL occurrence
and progression

In 2008-2010, the 1,690 subjects were invited to enrol in the
second survey of the ROAD study, a 3-year follow-up
consisting of examinations identical to those conducted at
baseline. Spine and knee radiographs were also obtained at
follow-up. All cervical radiographs were read by the same
orthopaedic surgeon who read them at the baseline (KN), and
he was again blinded to participants’ clinical status. He simul-
taneously compared the X-ray films at the baseline and 3-year
follow-up and thereby diagnosed OPLL. A new OPLL case
was diagnosed if heterotopic ossification in the posterior
longitudinal ligament was absent on the lateral cervical radio-
graph obtained at baseline but present in that obtained during
follow-up. OPLL progression was defined as an increase in
the maximum length or width of the heterotopic ossification
during follow-up compared to that at baseline.

Statistical analysis

All statistical analyses were performed using STATA statisti-
cal software (STATA Corp., College Station, TX, USA). Dif-
ferences in proportions were compared using the chi-square
test. Differences in continuous variables were tested for sig-
nificance using analysis of variance for multiple groups or
Scheffe’s least significant difference test for pairs of groups.
All p values and 95 % confidence intervals (CI) are two sided.

To test the association between OPLL and potential risk
factors, we used logistic regression analysis with the presence
or absence of OPLL (0 = absence, 1 = presence) as an objective
variable and select potential explanatory variables, in addition
to basic characteristics such as age (+1 year), gender (0 = men,
1 = women) and regional differences (0 = mountainous area,
1 =coastal area). The selected associated factors were those that
showed a significant (p <0.05) association with OPLL status in
a simple linear analysis. To test the association between OPLL
progression and associated factors, we used multivariate
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regression analysis with the change rate (percent per year) of
the maximum length or width as an objective variable and the
explanatory variables used in the above-mentioned logistic
regression analysis. The explanatory variables in the logistic
regression analysis and multivariate regression analysis are
described in the “Results” section.

Results
Prevalence of radiographic OPLL

The X-ray radiographs of 1,562 of the 1,690 subjects (92.4 %,
520 men, 1,038 women) showed all parts of the lateral cervi-
cal spine, from C1 to C7. Among these 1,562 individuals, 30
(17 men, 13 women) were diagnosed with radiographic
OPLL,; thus, the prevalence of OPLL was estimated at 1.9 %
(men, 3.2 %; women, 1.3 %), and it was significantly higher in
men than in women (p =0.007).

Figure 1 shows the prevalence of OPLL classified by age
and gender. The prevalence of OPLL was not associated with
age in either men or women.

In the 30 subjects with radiographic OPLL, the OPLL was
categorised into the continuous type in 13 subjects (six men and
seven women, 43.3 %), the segmented type in eight (six men
and two women, 26.7 %), the mixed type in seven (four men
and three women, 23.3 %) and the localised type in two (one
man and one woman, 6.7 %). The largest OPLL region was
most commonly observed in C4 (ten individuals; 33.3 %; three
men and seven women), followed by C5 (nine individuals;
33.0 %; eight men and one woman), C3 (seven individuals;
23.3 %; four men and three women), C6 (three individuals;
10.0 %; two men and one women) and C2 (one individual;
3.3 %; one woman). The largest OPLL region was not found in
C1 or C7 in any subject.

The mean length and width (standard deviation, SD) of the
largest region of ossification at the baseline were 27.6 (16.0)

Fig. 1 Prevalence of OPLL
classified by age and gender
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and 3.0 (1.5)mm, respectively. The values in men were 26.1
(14.5) and 2.9 (1.4)mm, and those in women were 29.6 (18.1)
and 3.2 (1.5)mm, respectively; thus, no significant difference
was observed between men and women in this regard.

Factors associated with OPLL

Table 1 shows the baseline characteristics of 1,562 participants
with and without OPLL. Overall, subjects with OPLL tended to
be taller and heavier than those without OPLL (p <0.05).
Further, compared to individuals without OPLL, those with
OPLL had higher plasma pentosidine levels and higher BMD
values for both the lumbar spine (L2-4) and femoral neck
(p<0.05).

Table 1 also shows the prevalence of LS, KOA and DISH
on the basis of OPLL status. The prevalence of LS with
>grade 2 KL and that of DISH was higher in the group with
OPLL than in the one without OPLL (p <0.05), although no
significant association was observed between the prevalence
of KOA and the presence of OPLL.

Logistic regression analysis was performed with the OPLL
status as the objective variable (0 = absence, 1 = presence). As
explanatory variables, the analysis involved select associated
factors that showed a significant (p <0.05) association with
OPLL status in the simple linear analysis, namely, height (in
centimetres), weight (in kilograms), values of plasma pento-
sidine (+1 pg/mL), BMD of the femoral neck (+1 SD), pres-
ence of LS based on KL grade (0 = KL grade 0 or 1, 1 = KL
grade>2) and DISH (0 = absent, 1 = present), after adjustments
were made for age (years) and gender (0 = men, 1 = women).
As seen from Table 2, plasma pentosidine levels, BMD of the
femoral neck and the presence of DISH were found to be
significant associated factors for the presence of OPLL
(Table 2). Further, when BMD of the lumbar spine (L2—4) was
used instead of that of the femoral neck, this factor was also
found to be significantly associated with OPLL (+1 SD; odds
ratio (OR), 1.52; 95 % CI, 1.05-2.20; p=0.026), but the
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Table 2 Odds ratios of potential factors associated with the presence of OPLL vs. the absence of OPLL

Explanatory variables Reference OR 95 % CI ¥4

Age (years) +1 year 1.03 0.98-1.07 0.269
Gender 0 =men, | =women 1.30 0.39-4.34 0.666
Height (cm) +1 cm 1.04 0.96-1.12 0.352
Weight (kg) +1 kg 1.00 0.96-1.05 0.909
Pentosidine (pug/mL) +0.01 pg/mL 1.05 1.00-1.09 0.038%*
BMD (femoral neck) (g/cm2) +1 SD 1.55 1.04-2.33 0.033*
Presence of LS (KL grade>2) 0=no, 1 =yes 1.94 0.67-5.61 0.219
Presence of DISH 0=no, 1 =yes 2.78 1.11-6.92 0.029*

Logistic regression analysis was performed using the status of OPLL as the objective variable (0 = absence, 1 = presence), and the abovementioned

factors were correspondingly adjusted

OPLL ossification of posterior longitudinal ligament, BMD bone mineral density, LS lumbar spondylosis, KL grade Kellgren—Lawrence grade, DISH
diffuse idiopathic skeletal hyperostosis, SD standard deviation, OR odds ratios, 95 % CI 95 % confidence interval

*p<0.05; **p<0.01; ***p<0.001

association of plasma pentosidine levels and DISH weakened
(plasma pentosidine +0.01 pg/mL, 1.04, 0.997-1.087, p =0.069;
presence of DISH 2.37, 0.94-6.00, p =0.069).

New occurrence or progression of OPLL

During the three study years, 1,380 individuals (88.3 %; 466
men, 914 women) among the 1,562 subjects at baseline
returned for follow-up, and their radiographs were available
for observation. Among the 30 individuals with radiographic
cervical OPLL at baseline, 25 (83.3 %; 14 men and 11
women) participated in the second survey.

The remaining 1,355 individuals who did not have cervical
OPLL at baseline and who participated in the initial and
second surveys were regarded as members of the population
at risk for the occurrence of OPLL. Among them, only one
woman was diagnosed with newly developed radiographic
OPLL (incidence 2.46/10,000 per year).

At follow-up, the mean length (in millimetres, SD) and
width (in millimetres, SD) of the maximum region of ossifi-
cation among the 25 individuals with OPLL was 28.7 (16.1)
and 3.5 (1.5)mm, respectively. Since the mean values of
length and width of the maximum region of ossification of
these 25 subjects were 27.0 (16.2) and 3.0 (1.5)mm at the
baseline, respectively, both the length and width of the max-
imum region of ossification increased, although a significant
difference was not observed.

To clarify the risk factors associated with this increase in the
length and width of the ossification, we performed multivariate
regression analysis using the rate of change in these parameters
as objective variables and the explanatory variables as those
used in the logistic regression analysis, namely height (in
centimetres), weight (in kilograms), plasma pentosidine levels
(+1 pg/mL), BMD of'the femoral neck (+1 SD), presence of LS
based on the KL grade (0 = KL grade 0 or 1, 1 =KL grade>2)

@ Springer

106

and DISH (0 = absence, 1 = presence). Adjustments for age
(years) and gender (0 = men, 1 = women) were made. How-
ever, none of the abovementioned variables was found to be
significantly associated with the rate of changes in the length or
width.

Discussion

In the present population-based study, we clarified the preva-
lence of radiographic OPLL in the general Japanese population,
and we found that it is significantly associated with high plasma
pentosidine levels, high BMD and the presence of DISH. The
3-year follow-up study also showed that new cases were very
rare, and the length and width of the maximum region of
ossification among the subjects with OPLL tended to increase.

The prevalence of OPLL in Japan has been reported to be
1.9 to 4.3 % among individuals aged 30 years and older [1,
15—17]. In other Asian countries, such as in Korea [18, 19] and
Taiwan [20], a similar prevalence was reported, but it was lower
in Western countries [21], suggesting that ethnic and/or genetic
factor(s) could be associated with the onset of OPLL. In the
present study, the prevalence of OPLL was found to be 1.9 %.
This is consistent with the value found in previous reports.
However, it is difficult to clearly distinguish localised-type
OPLL from osteophytic changes, and we included two indi-
viduals with localised-type OPLL in the OPLL group. Thus, we
may have overestimated the presence of radiographic OPLL. If
we exclude individuals with localised-type OPLL from the
OPLL group, the prevalence of the OPLL in the present study
is 1.8 %.

With regard to the gender difference in OPLL prevalence,
the prevalence was previously reported to be three times higher
in men than in women [22]. We found that men are 2.5 times
more likely to have OPLL than women (men 3.2 %, women
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1.3 %), which is consistent with results reported previously
among Japanese subjects. In contrast, symptomatic OPLL was
reported to be usually observed in the sixth decade of life [22],
although we were unable to find a significant association be-
tween age and the presence of OPLL. This might be explained
by the fact that previous studies on the characteristics of OPLL
were performed on the subjects with symptomatic OPLL, i.e.
they had been clinically diagnosed with OPLL, while our
subjects had radiographic OPLL that had not been clinically
diagnosed. If the OPLL in our subjects progresses in the future,
the peak age at which the symptoms could be expressed may be
their 60s.

With regard to the comorbidities of OPLL, several reports
have indicated that obesity and DM might be associated with
OPLL [5, 6]. In the present study, the values of BMI tended to
be higher in the group with OPLL than in that without OPLL,
although this difference was not significant. A similar pattern
was found in the values of HbAlc, and this finding could be
explained by previous findings that the extent of ossification
was significantly associated with the fasting serum insulin level
but not with the fasting glucose level or the HbAlc level [23].
However, in the ROAD study, since all subjects could not be
requested to fast, we could not confirm the association between
fasting serum insulin levels and OPLL.

With regard to the association between biochemical markers
of bone turnover and OPLL, Matsui et al. showed that the levels
of the bone markers serum procollagen type I carboxyl-
terminal peptide and intact osteocalcin were higher in patients
with OPLL than in normal subjects [24]. This suggested that
OPLL was associated with biochemical markers of bone turn-
over. In the present study, to evaluate the role of bone metab-
olism in OPLL, we compared the serum levels of iPTH and
PINP as bone formation markers and the urinary levels of (3-
CTX between the groups with and without OPLL. However,
we could not find significant differences between the groups.

Instead, the plasma pentosidine levels of the OPLL group
were found to be significantly higher than those of the group
without OPLL. This tendency remained after potential asso-
ciated factors were adjusted for. Pentosidine is an advanced
glycation end product, products generated by the sequential
nonenzymatic glycosylation of protein amino groups [25] that
accumulate in various tissues including kidney and coronary
arteries, resulting in the development of diabetic vascular
complications [26]. The concentrations of pentosidine in cor-
tical and trabecular bone are reported to be adversely associ-
ated with bone strength [27-29]. Yamamoto et al. [30] found
that serum pentosidine levels were positively associated with
the presence of vertebral fractures in postmenopausal women
with type 2 diabetes. Renal insufficiency was reported to be a
dominant determinant of serum pentosidine levels [31] be-
cause of which serum pentosidine levels are increased in
patients with chronic renal failure [32, 33]. However, no report
has shown the association between pentosidine levels and the

107

presence of OPLL. On the basis of the abovementioned re-
ports, we performed multivariate logistic regression analysis
using the same explanatory factors we had used in the analysis
shown in Table 2, along with the estimated glomerular filtra-
tion rate. We found that the plasma pentosidine levels were
still significantly related to the presence of OPLL (OR, 1.05;
95 % CI, 1.00-1.09; p =0.042). We speculate that the levels of
pentosidine might be associated with ectopic ossification,
such as vascular calcification in patients with renal dysfunc-
tion, or the presence of OPLL, directly or indirectly, although
the currently available information is inadequate to prove this
hypothesis. One reason for the inadequacy of the information
obtained in this study could be that we did not evaluate genetic
factors in the present study. Further investigations are needed
to clarify whether the observed relationship between
pentosidine levels and OPLL remains after analysis of other
possible confounders, including genetic factors.

In addition to the biochemical markers, high BMDs have
been observed in patients with OPLL [24, 34, 35]. However,
Morio et al. reported that the BMD was lower in patients with
advanced OPLL [36], suggesting that the disuse atrophy may
result during advanced-stage OPLL. Our results also showed
that subjects with OPLL had higher BMDs. However, the
subjects in the present study all had radiographically determined
OPLL but few clinical symptoms, so their condition may not
have been in the advanced stage. Therefore, based solely on the
results of the present study, we were unable to discuss the
association between BMD and advanced-stage OPLL.

Several reports have shown that the coexistence of OPLL
and DISH is quite common [4, 7, 8]. The pathogenesis of
DISH and OPLL has been speculated to be similar, although
the details remain unclear. For example, Havelka et al.
analysed intron 6 (—4) polymorphisms in the COL 11 A2 gene
in Czech patients with DISH and Japanese patients with
OPLL, but they found no agreement between the data of
subjects with DISH and OPLL [37]. Additional studies with
a broader spectrum of genotyping and a larger cohort of
patients may clarify the presence or absence of genetic rela-
tions between DISH and OPLL.

Few studies have been reported regarding the incidence of
OPLL in the general population because OPLL is relatively
rare and based on ethnicity, as noted. Using data collected in a
pilot study in the corporation of 360 Japanese hospitals [3],
Tsuyama described the incidence of OPLL and found that
2,142 patients were treated in these hospitals and the estimated
incidence of OPLL was 19 patients per million persons of the
total population [3]. In the present study, only one new case of
OPLL was detected, so we could not accurately estimate the
incidence of OPLL and compare our results to those of previ-
ous reports. In order to confirm the incidence of OPLL, we
need to follow this cohort for a longer time.

Several studies have investigated the course of OPLL. Chiba
et al. use computer-assisted measurement to examine OPLL

@ Springer



1096

Osteoporos Int (2014) 25:1089-1098

progression, and they found that the rate of OPLL progression
was 56.5 % over 2 years, and this rate was most common in
younger patients with continuous- and mixed-type OPLL [38].
Murakami et al. followed the case of a 67-year-old man who
had had cervical OPLL for more than 26 years, and they found
that the rate of OPLL progression was 2.2, 8.8 and 2.0 mm/year
from 1-4, 4-8 and 810 years after the first visit, respectively
[39]. However, to our knowledge, no study has reported the
progression of radiographically defined OPLL in the general
population. In the present study, we found that both the length
and width of the maximum region of ossification increased
during the 3 years of the study, although it was not a significant
change. A previous report [39] found no evidence of OPLL
progression after 10 years. We must carefully examine whether
or not radiographically defined OPLL progresses to clinical
OPLL.

This study has several limitations. First, although the
ROAD study includes a large number of participants, these
participants may not truly be representative of the general
population. To address this, we compared the anthropometric
measurements and the frequencies of smoking and alcohol
consumption between the study participants and the general
Japanese population. No significant differences were found,
with the exception that male ROAD study participants aged
7074 years were significantly smaller in terms of body
structure than men from the overall Japanese population (p <
0.05) [10]. This difference should be considered when evalu-
ating potential risk factors for men aged 70-74 years; factors
such as body build, particularly weight, are known to be
associated with metabolic risk factors and KOA. Therefore,
our results may have underestimated the prevalence of these
conditions. Second, the total number of subjects with con-
firmed OPLL was very small, which might make the results
somewhat less credible. In the present study, we used logistic
regression analysis to adjust for gender differences. When the
total number of the objective variable, namely OPLL cases, is
small, using the multivariate model to adjust for gender dif-
ferences may be more useful than using a gender-specific
analysis. This is because the total number of cases in a
gender-specific analysis will be even smaller, which reduces
the statistical power. Although the significant associations
between OPLL and the plasma levels of pentosidine and
between OPLL and DISH were observed only in men in the
simple comparative analysis, the pentosidine levels and DISH
remained significant factors associated with the presence of
OPLL even in the logistic regression analysis with adjust-
ments for gender. We interpreted this result to mean that the
female sex might dilute the strength of the association be-
tween OPLL and DISH, but the tendency in both genders
remained significant.

To clarify the effect of sex differences in the interaction
among OPLL, pentosidine levels and DISH, the logistic regres-
sion analysis was performed in men and women separately
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(Supplementary Table 1). In this logistic regression analysis,
the presence of OPLL was significantly associated with the
pentosidine levels and femoral neck BMD in men, but the
association of OPLL with the presence of DISH was diluted
to a marginal association (»=0.080). Further, since all male
patients with DISH had radiographic LS, we could not evaluate
the association between OPLL and LS. In women, the associ-
ations among OPLL, pentosidine levels and DISH were not
significant. Although these results may indicate that the signif-
icant associated factors were observed only in men, they may
even be skewed by the small number of female cases. Under
these circumstances, it is difficult to distinguish which model
should be used, i.e. logistic regression analysis or the multivar-
iate model. It may be necessary to first include an adequate
number of OPLL cases before this can be decided. To compen-
sate for these limitations, we decided to include the urban
cohort of the ROAD study in the OPLL survey. Thus, more
participants will be included in the third ROAD survey planned
from 2012 to 2013, and further detailed investigation regarding
the risk factors for the presence, occurrence or exacerbation of
OPLL may be possible.

In summary, the present study clarified that the prevalence of
radiographic cervical OPLL in 1,562 individuals was 1.9 %,
which was significantly higher in men than in women (p=
0.007), but no association with age was observed. In logistic
regression analysis, OPLL showed a significant association
with the femoral neck BMD, presence of DISH and plasma
pentosidine levels. Only one new case of radiographic OPLL
was detected, but OPLL progressed in all affected subjects.
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Incidence of certified need of care in the long-term care
insurance system and its risk factors in the elderly of
Japanese population-based cohorts: The ROAD study
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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 daily 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; (ii) 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 L'TCI 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 Metropolitan
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 [kg]/
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 dysfunction 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.

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



Certified need of care in LTCI system

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)F 73.5 (5.8)F
Height (cm) 160.9 (6.0)  147.9 (6.0)*  161.0(5.8)  148.2 (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)**
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 (0.249*  1.08 (0.34)*  1.00 (0.36)**
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%% 61.3 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 ¢-test. **P < 0.05 versus men in the corresponding group of the same cohort by x*-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 y*-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).
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Differences in the values of the parameters between two
groups were tested for significance using the non-paired
Student’s t-test and x*-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
BMI.

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 L'TCI system. Although BMI was not signifi-
cantly different between men and women in the entire,
urban or rural cohorts, prevalence of obesity (BMI
>27.5) 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

urban and rural cohorts; however, there was no signifi-
cant difference. The prevalence of skeletal muscle dys-

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

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,

BMI were not significantly different. To further investi-

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.

D

1scussion
certified need of care in the national LTCI system, and

The present study investigated the incidence of
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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.'"*?
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-
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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.>*** 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.

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. Physical performance measures
identified as predictors can be used as screening tools to
identify high-risk individuals. Considering muscle dys-
function, screened by the EWGSOP algorithm, was a
risk factor for occurrence, screened individuals 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 burdens associated with this
condition.
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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, and is
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
osteoarthritis/osteoporosis against 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 information 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 informed con-
sent form. For the present study, 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, anthropometric mea-
surements, including height and weight, were taken, and
body mass index (BMI) [weight (kg)/height2 (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 consisted of 17 items: assessing
difficulties in descending stairs, ascending stairs, rising
from sitting, standing, bending to floor, walking on a flat
surface, getting in/out of car/bus, going shopping, 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
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is determined based on evaluation results by the Certifi-
cation Committee for Long-term Care Need in munici-
palities in accordance with basic guidelines formulated 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. [9]. An elderly person who requires help
with ADLs or the caregiver contacts the municipal gov-
ernment 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
presence or absence of muscle weakness or joint contrac-
ture of limbs, and difficulties in sitting-up, standing-up,
maintaining sitting or standing position, transferring from
one place to another, standing on one leg, walking, bathing,
dressing, and other ADLs. Mental status, including
dementia, also is assessed. These data are analyzed to
calculate a 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 Certifi-
cation 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 in 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 levels, including requir-
ing support (levels 1-2) and requiring long-term care
(levels 1-5). Information on the presence or absence of
certification 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 performed using STATA sta-
tistical software (STATA, College Station, TX, USA).
Differences in values of the parameters between the two
groups were tested for significance using the unpaired
Student’s ¢ test, the Mann—Whitney’s U test, and Chi-
square test. We used receiver operating characteristic
(ROC) curve analysis to determine a cut-off value of the
WOMAC function score for discriminating two distinct
groups: an occurrence and a non-occurrence group of
certified need of care. Cut-off values were determined that
maximized the sum of sensitivity and specificity. Factors
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associated with the occurrence of certified need of care
were determined using Cox proportional hazards regression
analysis; hazard ratios (HRs) and 95 % confidence inter-
vals (CIs) were determined after adjusting for region, age,
sex, and BMI. Smoking habit and alcohol consumption
were not included as confounders because they were not
significantly associated with the incidence of certified need
of care.

Results

Of the 1,773 participants who were not certified as in
need of care-level elderly at baseline, information on

Table 1 Baseline characteristics of population at risk for the certified
need of care in the LTCI system

Men Women

No. of subjects 699 1,074

Age (years) 75.6 (5.1) 75.2 (5.3)

Height (cm) 160.9 (6.0) 147.9 (6.0)°

Weight (kg) 59.4 (9.1) 50.0 (8.3)°

BMI (kg/m?) 22.9 (2.9) 22.8 (3.4)

Smoking (%) 21.0 3.2°¢

Alcohol consumption, % 61.2 23.0¢

WOMAC function domain
Descending stairs, pts® 0(,0,1,1) 0(,0,1, 2)d
Ascending stairs, pts* 0(,0,1,1) 0(,0,1,2)
Rising from sitting, pts® 0(0,0,0,1) 0¢0,0,1, D
Standing, pts* 0(,0,0,1) 0(,0,1, 1)
Bending to floor, pts* 0(0,0,0,1) 0(,0,1,1)
Walking on a flat surface, pts* 0(0,0,0,1) 0(,0,0,1)
Getting in/out of car/bus, pts® 0(0,0,0,1) 0(,0,1, 1)d
Going shopping, pts® 0(0,0,0,1) 0 (0, 0,0, 1)d
Putting on socks/stockings, pts* 0 (0, 0, 0, 1) 0 (0, 0, 0, 1)d
Rising from bed, pts® 0(0,0,0,1) 0 (0, 0,0, 1)d
Taking off socks/stockings, pts* 0 (0, 0, 0, 1) 0 (0, 0,0, 1)d
Lying in bed, pts® 0(0,0,0,0) 0¢0,0,0, 1)?
Getting into/out of bath, pts® 0 (0, 0,0, 0) 0 (0, 0,0, 1)d
Sitting, pts® 0(0,0,0,0) 00, 0,0,0)*
Getting on/off toilet, pts® 0(0,0,0,1) 0(,0,1, 2)d
Heavy domestic duties, pts® 0(0,0,0,1) 0 (0, 0, 0, 1)“1
Light domestic duties, pts* 0(0,0,0,1) 0 (0, 0, 0, 1)d
Total, pts® 1(0,0,5,12) 20, 0,8, 17)¢

Except where indicated otherwise, values are mean (SD)

LTCI long-term care insurance system, BMI body mass index, WO-
MAC the Western Ontario and McMaster Universities Arthritis Index

4 Median (10, 25, 75, and 90 percentile)

® P <0.05 vs men by unpaired Student’s 7 test
¢ P < 0.05 vs men by Chi-square test

4 P < 0.05 vs men by Mann-Whitney U test
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Table 2 Association of physical activities of daily living with the occurrence of certified need of care in the LTCI system

Physical activity Overall population Men Women

HR (95 % CI) P value HR (95 % CI) P value HR (95 % CI) P value
Descending stairs, pts 1.47 (1.26, 1.72) <0.001 1.29 (0.96, 1.74) 0.089 1.56 (1.30, 1.87) <0.001
Ascending stairs, pts 1.47 (1.25, 1.73) <0.001 1.29 (0.93, 1.77) 0.123 1.55 (1.29, 1.86) <0.001
Rising from sitting, pts 1.58 (1.34, 1.88) <0.001 1.38 (0.95, 1.99) 0.092 1.67 (1.37, 2.03) <0.001
Standing, pts 1.64 (1.41, 1.91) <0.001 1.39 (1.02, 1.90) 0.037 1.73 (1.45, 2.06) <0.001
Bending to floor, pts 1.57 (1.32, 1.85) <0.001 1.61 (1.15, 2.27) 0.006 1.57 (1.29, 1.90) <0.001
Walking on a flat surface, pts 1.57 (1.30, 1.90) <0.001 1.25 (0.88, 1.77) 0.22 1.78 (1.41, 2.23) <0.001
Getting in/out of car/bus, pts 1.76 (1.47, 2.10) <0.001 1.60 (1.14, 2.26) 0.007 1.85 (1.50, 2.29) <0.001
Going shopping, pts 1.72 (1.46, 2.03) <0.001 1.55 (1.14, 2.11) 0.005 1.81 (1.48, 2.21) <0.001
Putting on socks/stockings, pts 1.60 (1.33, 1.92) <0.001 1.41 (0.98, 2.03) 0.065 1.71 (1.37, 2.12) <0.001
Rising from bed, pts 1.68 (1.40, 2.03) <0.001 1.41 (0.98, 2.02) 0.066 1.83 (1.47, 2.29) <0.001
Taking off socks/stockings, pts 1.64 (1.37, 1.98) <0.001 1.48 (1.01, 2.16) 0.046 1.72 (1.39, 2.13) <0.001
Lying in bed, pts 1.82 (1.44, 2.30) <0.001 1.96 (1.13, 3.40) 0.017 1.79 (1.38, 2.32) <0.001
Getting into/out of bath, pts 1.71 (1.43, 2.04) <0.001 1.64 (1.15, 2.33) 0.006 1.75 (1.43, 2.15) <0.001
Sitting, pts 2.21 (1.73, 2.82) <0.001 1.92 (1.14, 3.22) 0.014 2.32 (1.75, 3.06) <0.001
Getting on/off toilet, pts 1.87 (1.52, 2.29) <0.001 1.51 (1.00, 2.27) 0.05 2.09 (1.63, 2.68) <0.001
Heavy domestic duties, pts 1.27 (1.09, 1.49) 0.003 1.20 (0.89, 1.62) 0.238 1.33 (1.10, 1.60) 0.003
Light domestic duties, pts 1.68 (1.41, 2.01) <0.001 1.49 (1.07, 2.07) 0.019 1.80 (1.45, 2.24) <0.001

Hazard ratios (HRs) and 95 % confidence intervals (CIs) were determined by Cox proportional hazards regression analysis after adjusting for
age, sex, body mass index, and region in the overall population, and after adjusting for age, body mass index, and region in men and in women,

respectively
LTCI long-term care insurance system

certification of need of care could be obtained in 1,760
(99.3 %) during the average 4.0-year follow-up. Fifty-
four men and 115 women were certified as in need of
care-level elderly in the national LTCI system, whereas,
1,591 remained uncertified during the follow-up period.
The average period for the certification was 2.3 years.
Among the above 54 men and 115 women, those who
were certified as requiring long-term care level 1, 2, 3, 4,
and 5 were 7, 9, 2, 4, 3 men, and 12, 17, 9, 4, 4 women,
respectively. One hundred and twenty-six participants
died and eight moved away. Incidence of certified need
of care in the LTCI system was 2.3/100 person-years in
the overall population, and 2.0/100 person-years in men
and 2.5/100 person-years in women. Table 1 shows the
baseline characteristics of the population at risk for
occurrence of certified need of care in the LTCI system.
The score of each item in the WOMAC function domain
was significantly higher in women than in men in almost
all items.

We then investigated association of each item in the
WOMAC function domain with the occurrence of certified
need of care in the LTCI system (Table 2). All 17 items in
the WOMAC function domain were significantly associ-
ated with the occurrence of the certified need of care in the
overall population and in women. In men, standing,
bending to floor, getting in/out of car/bus, going shopping,
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taking off socks/stockings, lying in bed, getting into/out of
bath, sitting, and light domestic duties were significantly
associated with the occurrence of certified need of care,
whereas other ADLs were not. In addition, the value of HR
for each item in the association was higher in women than
in men in 15 of 17 items.

Next we determined cut-off values of total score of the
WOMAC function domain for discriminating two groups:
an occurrence and a non-occurrence group of certified need
of care using ROC curve analysis. The area under ROC
curve was 0.70 in the overall population, 0.61 in men, and
0.74 in women (Fig. 1). The cut-off value of the WOMAC
function score that maximized the sum of sensitivity and
specificity was 6, 5, and 6 in the overall population, in men,
and in women, respectively. In addition, the sensitivity/
specificity was 57.3/75.0 % in the overall population, 45.7/
75.0 % in men, and 64.4/72.6 % in women, respectively
(Table 3). Furthermore, the cut-off value by which the sum
was the second largest was 4 in the overall population, 4 in
men, and 4 in women, and the sensitivity/specificity was
65.3/66.7 % in the overall population, 50.0/70.0 % in men,
and 72.1/64.5 % in women, respectively (Table 3).

Because ROC curve analysis is a univariate analysis, we
performed multivariate Cox hazards regression analysis to
determine the cut-off value of the WOMAC function score
for best discriminating between an occurrence and a non-
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Fig. 1 Receiver operating characteristic (ROC) curve analysis for
discriminating the occurrence group of certified need of care in the
overall population, in men, and in women. AUC area under ROC
curve, WF WOMAC (Western Ontario and McMaster Universities
Osteoarthritis Index) function score

occurrence group of certified need of care after adjusting
for age, sex, BMI, and region (Table 4). The group with
WOMAC function score >4 was significantly associated
with the occurrence of certified need of care compared with
the group with the score <4 with the highest HR in the
overall population [HR 2.54, 95 % CI (1.76-3.67)] and in
women [HR 3.13, 95 % CI (1.95-5.02)]. In men, the group
with  WOMAC function score >5 was significantly
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Table 3 Sensitivity and specificity of the occurrence of certified need of care determined by the cut-off point of the WOMAC function score

Women

Men

Overall population

Cut-off
point

Sensitivity + specificity

(%)

Specificity

(%)

Sensitivity

(%)

Sensitivity 4 specificity

(%)

Specificity

Sensitivity + specificity ~ Sensitivity
(%) (%)

(%)

Specificity

(%)

Sensitivity

(%)

136.6
134.6
137.0

64.5

72.1

120.0
120.7
119.9

70.0

50.0

132.0
130.7
132.3

66.7

714

65.3

WF = 4pts

69.2

65.4

75.0

45.7

59.3

WF = 5pts

72.6

64.4

78.6

41.3

75.0

57.3

WF = 6pts

WOMAC the Western Ontario and McMaster Universities Arthritis Index, WF WOMAC function score
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Table 4 Association of groups divided by the WOMAC function score with the occurrence of certified need of care in the LTCI system

Overall population Men Women

HR (95 % CI) P value HR (95 % CI) P value HR (95 % CI) P value
WE > 4 pts vs WF < 4 pts 2.54 (1.76, 3.67) <0.001 1.85 (1.01, 3.39) 0.045 3.13 (1.95, 5.02) <0.001
WE > 5 pts vs WF < 5 pts 2.35 (1.64, 3.36) <0.001 1.88 (1.03, 3.43) 0.040 2.71 (1.73, 4.27) <0.001
WF > 6 pts vs WF < 6 pts 2.50 (1.75, 3.58) <0.001 1.84 (1.00, 3.39) 0.051 3.03 (1.93, 4.76) <0.001

Hazard ratios (HRs) and 95 % confidence intervals (CIs) were determined by Cox proportional hazards regression analysis after adjusting for
age, sex, body mass index, and region in the overall population, and after adjusting for age, body mass index, and region in men and in women,
respectively

WOMAC the Western Ontario and McMaster Universities Arthritis Index, LTCI long-term care insurance system, WF WOMAC function score

Table 5 Association of the WOMAC function score with the occurrence of different certified need of care levels in the LTCI system

Outcome variable Overall population Men Women

HR (95 % CI) P value HR (95 % CI) P value HR (95 % CI) P value
RSL1-2 and RCL 1-5 1.05 (1.03, 1.06) <0.001 1.03 (1.01, 1.06) 0.008 1.05 (1.04, 1.07) <0.001
RCL 1-5 1.05 (1.03, 1.07) <0.001 1.04 (1.00, 1.07) 0.046 1.06 (1.03, 1.08) <0.001
RCL 2-5 1.06 (1.04, 1.08) <0.001 1.04 (1.01, 1.08) 0.015 1.06 (1.04, 1.09) <0.001
RCL 3-5 1.05 (1.03, 1.08) <0.001 1.05 (0.99, 1.10) 0.099 1.06 (1.02, 1.09) 0.001
RCL 4-5 1.04 (1.00, 1.08) 0.048 1.02 (0.95, 1.10) 0.501 1.05 (1.00, 1.10) 0.057
RCL 5 1.01 (0.93, 1.09) 0.830 0.99 (0.82, 1.20) 0.945 1.01 (0.93, 1.11) 0.780

Hazard ratios (HRs) and 95 % confidence intervals (CIs) were determined by Cox proportional hazards regression analysis after adjusting for
age, sex, body mass index, and region in the overall population, and after adjusting for age, body mass index, and region in men and in women,
respectively

WOMAC the Western Ontario and McMaster Universities Arthritis Index, LTCI long-term care insurance system, RSL requiring support level,

RCL requiring long-term care level

associated with the occurrence of certified need of care
compared with the group with a score of <5 with the
highest HR [HR 1.88, 95 % CI (1.03-3.43)].

Furthermore, we examined association of the WOMAC
function domain with the occurrence of different certified
need of care levels in the LTCI system (Table 5). When the
outcome variable of the occurrence was defined as
requiring support level (RSL) 1-2 and requiring long-term
care level (RCL) 1-5, RCL 1-5, and RCL 2-5, there were
significant associations in the overall population, in men,
and in women, respectively. When the outcome variable of
the occurrence was defined as RCL 3-5, there were sig-
nificant associations in the overall population and in
women. When the outcome variable of the occurrence was
defined as RCL 4-5, there was significant association in the
overall population.

Discussion
The present study determined association of physical ADLs
with the incidence of certified need of care in the national

LTCI system in elderly participants of Japanese popula-
tion-based cohorts. All 17 items in the WOMAC function
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domain were significantly associated with the occurrence
of certified need of care in the overall population. ROC
curve analysis showed that cut-off values of the WOMAC
function score of around 4-6 maximized the sum of sen-
sitivity and specificity of the occurrence of certified need of
care. Furthermore, multivariate Cox hazards regression
analysis revealed that the group with WOMAC function
score >4 was significantly associated with the occurrence
of certified need of care with the highest HR after adjusting
for confounders in the overall population and in women,
while the group with WOMAC function score >5 was
significantly associated with the highest HR in men.

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 the WOMAC function
domain. The Government of Japan reported that the top
five leading causes of certified need of care were cerebral
stroke (21.5 %), dementia (15.3 %), asthenia as a result of
older age (13.7 %), joint disease (10.9 %) and fall-related
fracture (10.2 %), comprising 71.6 % of all causes in 2010
[10]. 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. Although we could not

124



Predictor of certified need of care

495

know the exact percentage of each causing condition, joint
disease and fall-related fracture are inferred to represent
approximately 20 % in total causes of incident certification
in the present study, and cerebral stroke, dementia, and
asthenia as a result of older age are inferred to represent
approximately 50 % in total causes of incident
certification.

The Government of Japan also reported that the per-
centage of joint disease and fall-related fracture was 16.7 %
for the cause of RCL 1-5 [10]. Furthermore, it was 17.6,
19.8, 14.8, 17.4, and 9.8 % for the cause of RCL 1, 2, 3, 4,
and 5, respectively [10]. Although we could not know the
exact percentage of joint disease and fall-related fracture for
the cause of each RCL in the present study, the percentage
for the cause of RCL 14 is inferred to be approximately
15 % or more based on the data of the Government of Japan,
which may be the reason why the WOMAC domain was
significantly associated with the occurrence of certified need
of care including RCLs 14 in the overall population.

The WOMAC physical function domain assesses diffi-
culties in ADLs, including going up/down stairs, getting in/
out of a car and bath, shopping, and household duties.
Therefore, results of the present study indicate that the
severity of physical dysfunction in ADLs predicts subsequent
deterioration in ADLs, leading to the occurrence of certified
need of care. Previous studies reported that low physical
function was a predictor of subsequent ADL disability in the
elderly [11, 12]. Although no previous studies have investi-
gated the association of physical ADLs with the incidence of
certified need of care in the national LTCI system in large-
scale population-based cohorts, those previous findings are
consistent with the present results in that low physical activity
predicted subsequent deterioration in ADLs.

All 17 items in the WOMAC domain were significantly
associated with the occurrence of certified need of care in
women. On the other hand, 9 of 17 items were significantly
associated with the occurrence of certified need of care in
men. In addition, the HR for each item in the association
was higher in women than in men for 15 of 17 items. The
sex difference identified in this association may be due to
the difference in the prevalence of knee osteoarthritis
between the sexes. Muraki et al. [13] reported that preva-
lence of radiographic knee osteoarthritis determined by the
Kellgren—-Lawrence grade >2 was 47.0 % in men and
70.2 % in women, respectively, in subjects aged 60 years
and older in Japanese population-based cohorts. Therefore,
women are more likely than men to be affected by knee
osteoarthritis and have difficulties in physical function of
the lower extremities, leading to higher scores on the
WOMAC function scale. Another reason for the sex dif-
ferences may be the weaker muscle strength in women;
muscle strength in men is higher than that in women in all
decades of life [14], which may obscure the association in
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men, as muscle strength has been reported to be inversely
associated with the WOMAC domains [15].

Functional declines in locomotive organs including
physical ADLs usually progress slowly and gradually. As
such, it may 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 such
disorders, and to take action to improve and maintain the
health of the locomotive organs. The Japanese Orthopaedic
Association proposed the concept of “locomotive syn-
drome” in 2007 for the promotion of preventive healthcare
of the locomotive organs [16-18]. Locomotive syndrome
refers to conditions under which the elderly have been
receiving support or long-term care, or high-risk conditions
under which they may soon require support or long-term
care, that are caused by musculoskeletal disorders [16—18].
Population approaches, including promotion of the concept
of locomotive syndrome to both younger and older gen-
erations, 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.

Because the WOMAC function scale is a self-assessment
questionnaire that is easy to conduct and evaluate, it can be
used to screen elderly persons at high risk of certified need
of care in the LTCI system. Multivariate Cox hazards
regression analysis showed that a WOMAC function score
of 5 in men and 4 in women best discriminated between the
occurrence and the non-occurrence group of certified need
of care in this study population. Elderly men with a WO-
MAC function score >5 had a 1.88-fold higher risk of
occurrence of certified need of care compared with elderly
men with a score <5. Elderly women with a WOMAC
function score >4 had a 3.13-fold higher risk of occurrence
of certified need of care compared with elderly women with
a score <4. Elderly persons screened by these cut-off values
should receive early intervention for the prevention of sub-
sequent deterioration in ADLs that could lead to certified
need of care. Further studies, along with the accumulation of
epidemiologic evidence, are necessary to develop interven-
tion programs that are safe and effective for elderly subjects
who are at high risk of certified need of care.

There are some limitations in the present study. First, 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 measured
factors, and could not determine the risk factors for occur-
rence of certified need of care with respect to each causing
condition. The Japanese government reported that the top five
leading causes of certified need of care were cerebral stroke,
dementia, asthenia, osteoarthritis, and fall-related fracture,
comprising 71.6 % of all causes in 2010 [10]. Based on these
data, most of the causes of incident certification in the present
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study are inferred to be among the top five leading conditions.
Additional studies are necessary to identify those direct
associations. Second, 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. Since those
who could not were not included in the analyses, the study
participants do not truly represent the general population due
to health bias, which should be taken into consideration when
generalizing the results of the present study.

In conclusion, the present study determined association
of physical ADLs with the occurrence of certified need of
care in the LTCI system in elderly participants of Japanese
population-based cohorts. The severity of physical dys-
function is a predictor of the occurrence of certified need of
care. Further studies are necessary to develop intervention
programs that are safe and effective for elderly individuals
who are at high risk of certified need of care.
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Abstract

Summary The present cross-sectional study investigated 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 participants (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 strength (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

Introduction

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 definition and consensus diagnostic criteria for this
disease 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 epidemiologic studies have been
based on the EWGSOP definition of sarcopenia using
population-based samples, and no epidemiologic study has
investigated the relationship between exercise habits in middle
age and sarcopenia in older age.

The Research on Osteoarthritis/osteoporosis Against
Disability (ROAD) study is a prospective cohort study aimed
at elucidating the environmental and genetic background of
musculoskeletal diseases [16, 17]. The present study
investigated the prevalence of sarcopenia using the EWGSOP
definition, and clarified the association of sarcopenia with
exercise habits in middle age and physical performance in
the elderly participants of Japanese population-based cohorts
of the ROAD study.

Methods
Participants

From 2005-2007, we began a large-scale population-based
cohort study entitled Research on Osteoarthritis/osteoporosis
Against Disability consisting of 3,040 participants in three
regions (baseline study) [16, 17]. The ROAD study is a
prospective cohort study with the aim of clucidating the
environmental and genetic backgrounds of musculoskeletal
diseases. It is designed to examine the extent to which risk
factors for these diseases are related to clinical features of the
diseases, laboratory and radiographic findings, bone mass,
bone geometry, lifestyle, nutritional factors, anthropometric
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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 | year less than that of the male participants. No
significant difference was observed in body mass index (BMI)
between the sexes.

After the baseline study, a second survey was performed in
the same communities from 2008 to 2010, in which 2,674
inhabitants (892 men, 1,782 women) aged 21-97 years
participated (second visit) [19]. Invitation letters were
distributed to the inhabitants whose names were listed on the
baseline database of the ROAD study. In addition to the
former participants, inhabitants aged >60 years from Itabashi
and those aged >40 years from Hidakagawa and Taiji who
were willing to participate in the ROAD survey performed in
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
Hidakagawa (504 individuals), 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 [kg]/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
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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 1839 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 BMIL.

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

participants according to Men Women
EWGSOP sarcopenia status
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)* 52.4 (8.4) 42.6 (6.3)*
o BMI, kg/m? 23.3(3.0) 21.0 (2.0)* 23.6 (3.3) 20.0 (2.3)*
Except where indicated K N 4 (LoY
otherwise, values are mean (SD) ASM, kg i 19.8 (3.0) 16.0 (1.7) 13.8 (1.8) 11.4 (1.2)
ASM appendicular skeletal SMI, kg/m 7.54 (0.90) 6.36 (0.47)* 6.22 (0.66) 5.35(0.30)*
muscle mass, BMI body 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 ctand time, s 9.6 (3.7) 11.9 (4.2) 9.9 (4.2) 13.4 (5.9)*

Older People, IQR interquartile
range, SMI skeletal muscle mass
index

One-leg standing time,
median (IQR), s
Smoking, %

*P<.001 vs. no sarcopenia in the .
Alcohol consumption, %

same sex group by unpaired
Student’s ¢ test; TP <.01 vs. no
sarcopenia in the same sex group
by chi-square test

Current walking habits, %

Exercise habits in middle age, %

31.0 (10.0-60.0)

8.0 (4.0-16.0y*  26.0(8.0-60.0)  11.0 (5.0-23.0)*

15.6 16.7 23 6.2
58.8 45.8 14.7 18.8
56.5 45.0 55.1 56.5
69.9 46.2° 433 26.17

Figure 1 shows sex- and age-wise distributions of prevalence
of sarcopenia (Fig. 1a), low SMI (Fig. 1b), low grip strength
(Fig. 1¢), 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, 7074, 75-79, 8084, 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 according to increasing age
(P<.001 for trend) in both men and women. Prevalence of low
grip strength and low gait speed also tended to be significantly
higher according to increasing age (P <.001 for trend) in both
men and women. However, the increasing 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 standing time (OR, 0.94; 95 % CI, 0.96-0.99) were
significantly associated with sarcopenia in the overall
population after adjusting for age, sex, and BMI. Current
walking habit (OR, 0.69; 95 % CI, 0.42-1.12) was not
significantly associated with sarcopenia. However, exercise
habit in middle age (OR, 0.53; 95 % CIL, 0.31-0.90) was
associated with sarcopenia in the overall population after
adjusting for age, sex, and BMI, indicating that exercise habit
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in middle age was significantly associated with low prevalence
of sarcopenia in older age. The significance 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 investigated the
association of each category—occasionally, <2 h per week,
and >2 h per week—with sarcopenia using “never” as a
reference, in addition to the association of the presence of
exercise habits in middle age with sarcopenia. The associated
ORs for the three categories 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; >2 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, grip strength, gait speed, chair
stand time, or one-leg standing time as the dependent variable
and exercise habit in middle age as the independent variable.
Exercise habit 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
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.
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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

Age

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
middle age in the overall
population

BMI body mass index, CI
confidence interval, SMT skeletal
muscle mass index

*Odds ratio and 95 % CI

were calculated by logistic
regression analysis after
adjusting for age, sex, and BMI

® Regression coefficient and

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

¢ Regression coefficient and

95 % CI were calculated by linear
regression analysis after
adjusting for age, sex, and BMI

Factors associated with sarcopenia Odds ratio 95 % CI P value
Age (+1 year) 1.20 1.15-1.24 <.001
Sex (women vs. men) 0.98 0.63-1.53 9
BMI (+1 kg/m?) 0.68 0.63-0.75 <.001
Chair stand time (+1 s) 1.09* 1.04-1.14 .001
One-leg standing time (+1 s) 0.97* 0.96-0.99 <.001
Smoking (yes vs. no) 1.86" 0.86-4.02 .1
Alcohol consumption (yes vs. no) 1.00* 0.60-1.67 9
Current walking habits (yes vs. no) 0.69* 0.42-1.12 1
Exercise habits in middle age (yes vs. no) 0.53? 0.31-0.90 .01
Factors associated with exercise habits in middle age Regression coefficient 95 % CI P value
SMI 0.09° -0.02-0.19 .1
Grip strength 1.73¢ 1.02-2.44 <.001
Gait speed 0.07° 0.04-0.10 <.001
Chair stand time -0.47¢ —1.02-0.09 .09
One-leg standing time 4.14° 1.26-7.02 .005
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Table 3 Factors associated with sarcopenia and exercise habits in middle age in men

Factors associated with sarcopenia Odds ratio 95 % CI 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 consumption (yes vs. no) 0.78% 0.40-1.53 4
Current walking habits (yes vs. no) 0.60% 0.28-1.27 .
Exercise habits in middle age (yes vs. no) 0.48° 0.22-1.03 .06
Factors associated with exercise habits in middle age Regression coefficient 95 % CI P value
SMI 0.16° —0.06 to 0.38 1

Grip strength 3.17° 1.70 to 4.65 <.001
Gait speed 0.10° 0.04 to 0.15 .001
Chair stand time -1.12¢ —1.95to —0.28 .009
One-leg standing time 7.81¢ 2.57to 13.05 .004

CI confidence interval, SMI skeletal muscle mass index

*Odds ratio and 95 % CI were calculated by logistic regression analysis after adjusting for age and BMI

®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

Japanese community-dwelling 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

Chair stand time (+1 s)

One-leg standing time (+1 s)

Smoking (yes vs. no)

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

Odds ratio 95 % CI P value
1.08* 1.02-1.15 .01
0.98% 0.96-1.00 .01
2.44% 0.61-9.72 2

1.26* 0.58-2.71 .5
0.75% 0.39-1.44 3

0.55% 0.27-1.13 1
Regression coefficient 95 % CI P value
0.06° —0.05t0 0.17 2

1.03° 0.29to 1.78 .007
0.06° 0.01 to 0.10 .01
—0.12° —0.83 to 0.60 i
2.19¢ —1.24t0 5.62 2

CI confidence interval, SMI skeletal muscle mass index

#Odds ratio and 95 % CI were calculated by logistic regression analysis after adjusting for age and BMI

® 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
women.

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

133

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 epidemiologic 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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SUMMARY

Objectives: The purposes of this study were to investigate the prevalence and distribution of interver-
tebral disc degeneration (DD) over the entire spine using magnetic resonance imaging (MRI), and to
examine the factors and symptoms potentially associated with DD.

Design: This study included 975 participants (324 men, mean age of 67.2 years; 651 women, mean age of
66.0 years) with an age range of 21—-97 years in the Wakayama Spine Study. DD on MRI was classified
into Pfirrmann’s system (grades 4 and 5 indicating DD). We assessed the prevalence of DD at each level in
the cervical, thoracic, and lumbar regions and the entire spine, and examined DD-associated factors and
symptoms.

Results: The prevalence of DD over the entire spine was 71% in men and 77% in women aged <50 years,
and >90% in both men and women aged >50 years. The prevalence of an intervertebral space with DD
was highest at C5/6 (men: 51.5%, women: 46%), T6/7 (men: 32.4%, women: 37.7%), and L4/5 (men: 69.1%,
women: 75.8%). Age and obesity were associated with the presence of DD in all regions. Low back pain
was associated with the presence of DD in the lumbar region.

Conclusion: The current study established the baseline data of DD over the entire spine in a large
population of elderly individuals. These data provide the foundation for elucidating the causes and

mechanisms of DD.

© 2013 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.

Introduction

Intervertebral disc degeneration (DD) is thought to be the first
step in degenerative spinal changes', and is typically followed by
the gradual formation of osteophytes, disc narrowing, and spinal
stenosis>>. Furthermore, DD is considered to be one of the causes of
several symptoms (neck pain or low back pain)*~’. Therefore, in
terms of developing preventive strategies for spinal disorders, it
will be important to obtain fundamental data on DD (prevalence,
distribution, associated factors, etc.) in a population-based cohort.

* Address correspondence and reprint requests to: H. Hashizume, Wakayama
Medical University, 811-1 Kimiidera, Wakayama City, Wakayama 641-8510, Japan.
Tel: 81-73-447-2300; Fax: 81-73-448-3008.

E-mail address: hashizum@wakayama-med.ac.jp (H. Hashizume).

We believe that the analysis of DD over the entire spine would
provide more useful data than that of DD in the cervical, thoracic, or
lumbar regions, separately. In particular, investigations on the
extent of DD in these three regions using whole spine magnetic
resonance imaging (MRI) could provide useful data concerning
intra-individual factors in the development of DD. Several studies
have examined degenerative changes in only cervical and lumbar
discs because of the high susceptibility to DD in these regions®~ 2.
As well, several previous studies have investigated the aging pro-
cess of the intervertebral discs in the cervical and lumbar regions
using MRI in population-based cohorts'>'“. However, degenerative
changes in the thoracic region and correspondingly over the entire
spine are poorly understood, because DD in the thoracic region is
considered to be an uncommon problem'>', In particular, the
stabilization of the thoracic region by the thoracic cage, which

1063-4584/$ — see front matter © 2013 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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reduces the mechanical stress imposed on the intervertebral discs,
is believed to reduce the incidence of degenerative diseases in this
region'”.

Consistent with the above-mentioned previous studies, a
population-based cohort analysis of DD in the different spinal re-
gions using MRI could be used to examine the distribution of DD
over the entire spine. However, to our knowledge, no previous
studies have performed this type of investigation with a
population-based cohort.

From the perspective of discogenic pain, the association be-
tween DD and symptoms remains controversial, although several
reports have found that DD was a source of low back pain*”.
Moreover, reports on the association between the presence of DD in
the cervical and thoracic regions and neck pain are rare®’. Further,
these studies were not performed with population-based cohorts
and did not use whole spine MRI. Thus, no study has assessed neck
pain and low back pain within individuals using whole spine MRI.
To clarify the points described above, we established a population-
based cohort study in which participants underwent whole spine
MRI and were examined for symptoms associated with spinal dis-
orders. This is our first report of DD over the entire spine based on a
cross-sectional examination of a baseline population.

The aims of this study were to examine (1) the prevalence and
distribution of DD over the entire spine using MRI in a population-
based cohort, (2) the factors associated with DD (age, gender, and
body mass index [BMI]) in the cervical, thoracic, and lumbar re-
gions, and (3) the association between DD and symptoms (neck
pain and low back pain).

Methods
Participants

The present study, entitled the Wakayama Spine Study, was
performed with a sub-cohort of the second visit of the ROAD
(Research on Osteoarthritis/osteoporosis Against Disability) study,
which was initiated as a nationwide, prospective study of bone and
joint diseases in population-based cohorts; the cohorts were
established in three communities with different characteristics (i.e.,
urban, mountainous, and coastal regions) in Japan. A detailed
profile of the ROAD study has already been described else-
where'®'°, Here, we briefly summarize the profile of the present
study. The second visit of the ROAD study began in 2008 and was
completed in 2010. All the participants in the baseline study were
invited to participate in the second visit. In addition to the former
participants, inhabitants aged 60 years and older in the urban area
and those aged 40 years and younger in the mountainous and
coastal areas who were willing to participate in the ROAD survey
were also included in the second visit (both the mountainous and
coastal areas were in Wakayama prefecture). Finally, 2674 in-
dividuals (900 men, 1774 women) participated in the second visit of
the ROAD study, and comprised 1067 individuals (353 men, 714
women) in the urban area, 742 individuals (265 men, 477 women)
in the mountainous area, and 865 individuals (282 men, 583
women) in the coastal area. Among these three communities in the
ROAD study, the mountainous and coastal areas from which we
invited all 1607 participants (547 men, 1060 women) to the
Wakayama Spine Study are located in Wakayama prefecture. Of the
1607 participants, a total of 1011 individuals provided written
informed consent and attended the Wakayama Spine Study with
MRI examinations’”?!. Among the 1011 participants, those who
had MRI-sensitive implanted devices (e.g., pacemakers) and other
disqualifiers were excluded. Consequently, 980 individuals under-
went MRI of the whole spine. Furthermore, one participant who
had undergone a previous cervical operation and four participants
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who had undergone a previous posterior lumbar fusion were
excluded from the analysis. Finally, whole spine MRI results were
available for 975 participants (324 men, 651 women) with an age
range of 21—97 years (mean, 67.2 years for men and 66.0 years for
women). Table I shows the demographic and baseline character-
istics of the 975 participants in the present study.

For the purpose of analysis, the participants were divided into
five age groups: (1) under 50 years, (2) 50—59 years, (3) 60—69
years, (4) 70—79 years, and (5) 80 years and over. The anthropo-
metric measurements included height, weight, and BMI (weight
[keg]/height? [m?]). BMI was categorized according to the guidelines
for Asians proposed by the World Health Organization and was
thus defined as follows: underweight, less than 18.5; normal, 18.5—
23; overweight, 23—27.5; and obesity, greater than 27.5%°. Experi-
enced orthopedists also asked all participants the following ques-
tion regarding neck pain and low back pain: “Have you experienced
neck pain on most days during the past month, in addition to
now?” and “Have you experienced low back pain on most days
during the past month, in addition to now?” Those who answered
“yes” were defined as having neck pain or low back pain based on
previous studies>> %%,

MRI

A mobile MRI unit (Excelart 1.5 T, Toshiba, Tokyo, Japan) was
used in the present study, and whole spine MRI was performed for
all participants on the same day as the examination. The partici-
pants were supine during the MRI, and those with rounded backs
used triangular pillows under their head and knees. The imaging
protocol included sagittal T2-weighted fast spin echo (FSE) (repe-
tition time [TR]: 4000 ms/echo, echo time [TE]: 120 ms, field of
view [FOV]: 300 x 320 mm), and axial T2-weighted FSE (TR:
4000 ms/echo, TE: 120 ms, FOV: 180 x 180 mm).

Sagittal T2-weighted images were used to assess the interver-
tebral space from C2/3 to L5/S1. C2/3 to C7/T1, T1/2 to T12/L1, and
L1/2 to L5/S1 were defined as the cervical region, thoracic region,
and lumbar region, respectively. DD grading was performed by an

Table I
Characteristics of participants
Overall Men Women

No. of participants 975 324 651
Age strata (years)
<50 125 38 87
50—59 175 59 116
60—69 223 65 158
70-79 261 89 172
=380 191 73 118
Demographic characteristics
Age, years 66.4 + 13.5 67.2 £ 139 66.0 + 13.4
Height, cm 156.4 +£ 9.4 164.6 £ 7.2 1515+ 7.2
Weight, kg 56.8 £ 11.5 645+ 11.6 53.0 £ 94
BMI (kg/m?) 233 + 3.6 236+ 34 23.1+£3.7
BMI (WHO-Asian category) (N)
Underweight 61 16 45
Normal 425 124 300
Overweight 361 139 221
Obesity 128 44 84
Baseline characteristics
Symptoms (%)
Neck pain 249 194 27.7
Low back pain 43 36.7 421
Life style (%)
Smoking 10.7 252 4.1
Alcohol consumption 314 56.8 18.8

BMI category for Asian was based on World Health Organization (WHO) guidelines
defining underweight (<18.5), normal (18.5—23), overweight (23—27.5), and obese
(>27.5). Values are the means + standard deviation.
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orthopedist (MT) who was blind to the background of the subjects.
The degree of DD on MRI was classified into five grades based on
Pfirrmann’s classification system”’, with grades 4 and 5 indicating
DD. As shown in Fig. 1, the signal intensity for grade 4 was inter-
mediate to hypointense to the cerebrospinal fluid (dark gray), while
the structure is inhomogeneous. Meanwhile, for grade 5, the signal
intensity is hypointense to the cerebrospinal fluid (black), and the
structure is likewise inhomogeneous. In addition, the disc space is
collapsed. It has been reported that loss of signal intensity is
significantly associated with the morphological level of the DD and
is also associated with both the water and proteoglycan contentin a
disc?®. Therefore, we used a grading based on signal intensity and
disc height. For evaluating intraobserver variability, 100 randomly
selected magnetic resonance images of the entire spine were
rescored by the same observer (MT) more than 1 month after the
first reading. Furthermore, to evaluate interobserver variability, 100
other magnetic resonance images were scored by two orthopedists
(MT and RK) using the same classification. The intraobserver and
interobserver variability for DD, as evaluated by kappa analysis, was
0.94 and 0.94, respectively.

“Prevalence of DD”, which was defined as “the proportion of the
number of participants who had DD at each intervertebral space or
region or over the entire spine divided by the total number of
participants”, was used to describe the frequency of the presence of
DD. In the analysis, to clarify the associated factors using multiple
logistic regression analysis, we entered a variable of prevalence
state (1, presence; 0, absence) of DD as a dependent variable.

Statistical analysis

Multiple logistic regression analysis was used to estimate the
association between the presence of DD in each region (cervical,
thoracic, and lumbar) as dependent variables and the age group,
gender, and BMI category as nominal independent variables after
adjustment for the age group, gender and BMI category, mutually.

Additionally, multiple logistic regression analysis was used to
estimate the association between the presence of neck pain or low
back pain and the presence of DD in each region after adjustment
for age, gender, and BMI. Furthermore, in cases in which the pres-
ence of DD was significantly associated with a symptom, we
examined as a sub-analysis the association between the presence of
neck pain or low back pain and the number of DD (categorized into
“0”,“1 or 2”, “3 or more” for ready assessment) in each region using
multiple logistic regression analysis after adjustment for age,
gender, and BMI. All statistical analyses were performed using JMP
version 8 (SAS Institute Japan, Tokyo, Japan).

Results

As shown in Table II, the prevalence of DD in the cervical and
thoracic regions and over the entire spine increased with the
elevation of the age strata in both men and women. For both
genders, the prevalence of DD in the lumbar region was also

increased with the elevation of the age strata up to the 70-year-old
age group but decreased in the 80-year-old age group. Table III

Grade 1

Grade 2

Grade 3

Grade 4

Disc
Degeneration

Grade 5

Fig. 1. Mid-sagittal view on T2-weighted images of the whole spine MRI with Pfirrmann classification. The grade is described according to Pfirrmann classification. Grades 4 and 5
were considered degenerated. The signal intensity for grade 4 was intermediate to hypointense to the cerebrospinal fluid (dark gray), while the structure is inhomogeneous.
Meanwhile, for grade 5, the signal intensity is hypointense to the cerebrospinal fluid (black), and the structure is also inhomogeneous. Additionally, the disc space is collapsed.
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shows the prevalence of intervertebral spaces with DD over the
entire spine for the participants in this study. The three highest
prevalence levels of DD in the intervertebral spaces in the cervical,
thoracic, and lumbar regions were as follows. The prevalence at C5/
6 was 51.5% (95% CI: 46.1—56.3) in men and 46% (95% CI: 42.2—49.9)
in women, followed by the prevalence at C6/7 of 43.5% in men and
33.3% in women, and at C4/5 of 38.6% in men and 35.8% in women.
The prevalence at T6/7 was 32.4% (95% CI: 27.5—37.6) in men and
37.7% (95% Cl: 34.1—41.5) in women, followed by the prevalence at
T7/8 of 31.8% in men and 36.2% in women, and at T5/6 of 28.4% in
men and 35.9% in women. The prevalence at L4/5 was 69.1% (95%
Cl: 63.9—-73.9) in men and 75.8% (95% CI: 72.3—78.9) in women,
followed by that at L5/S1 of 66.7% in men and 70.9% in women, and
at L3/4 of 59.3% in men and 61.9% in women.

An older age was significantly associated with the presence of DD
in each region. Gender was not significantly associated with the
presence of DD in each region, although men demonstrated a ten-
dency for a greater number of DD than women in the cervical region.
In addition, overweight status (BMI: 23—27.5) was a significantly
associated factor in the cervical and thoracic regions, and obesity
(BMI: >27.5) was a significantly associated factor in all regions
compared with participants of a normal weight (BMI: 18.5—23)
(Table V).

The participants with DD in the cervical region did not signifi-
cantly differ in terms of the presence of neck pain (OR 0.88, 95% CI:
0.63—1.22, P = 0.53). The presence of DD in the thoracic region was
not significantly associated with neck pain (OR 0.84, 95% CI: 0.60—
1.19, P = 0.33) and low back pain (OR 1.08, 95% CI: 0.80—1.47,
P = 0.60). However, the presence of DD in the lumbar region was
significantly associated with low back pain (OR 1.57, 95% CI: 1.02—
249, P < 0.05). Moreover, in a sub-analysis, we investigated the
association between low back pain and the number of DD in the
lumbar region (“0”, “1 or 2", “3 or more”). The presence of low back
pain was significantly higher in participants with three or more DD
(OR 1.75, 95% CI: 1.11-2.81, P < 0.05), but not in those with one or
two DD (OR 1.34, 95% CI: 0.84—2.20, P = 0.22), as compared with
participants without DD.

Discussion

This study is the first to report the prevalence and distribution of
DD over the entire spine using whole spine MRI in a population-
based cohort. The prevalence of DD over the entire spine and in
each of the three spinal regions was higher in older participants. In
addition, we noted that the presence of DD was significantly
associated with low back pain in the lumbar region but not with
neck pain in the cervical region.

Battié et al. reviewed the prevalence of DD in the lumbar region
and noted that it ranged from 20% to 83%°. Consistent with the
observations of this review, other reported prevalence levels of DD
in the lumbar region have shown wide variation between samples
and have often been quite high because the studies had certain

Table II
Prevalence of DD by age strata in men and women
Entire spine Cervical Thoracic Lumbar
Men Women Men Women Men Women Men Women
Age strata (years)
<50 710 77.0 263 279 157 114 552 712
50-59 915 93.1 474 491 49.1 353 864 913
60—69 984 955 66.1 544 61.5 63.2 969 943
70-79 95.8 994 80.9 720 73.0 796 96.6 96.5
=380 932 974 86.3 855 794 889 82.1 845

Values are percentage.
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drawbacks, including relatively small sample sizes"*?, narrow age
ranges”>!, and asymptomatic subjects’’. However, no previous
study has assessed the prevalence of DD over the entire spine using
whole spine MRI. We noted that the prevalence of DD over the
entire spine exceeded 70% in participants less than 50 years of age
and was greater than 90% in participants older than 50 years of age.

Little epidemiological data are available concerning DD in the
intervertebral space using MRI assessments in a population-based
cohort. Matsumoto et al.* reported that the prevalence of DD in
the cervical region was the highest at C5/6 (86% in men and 89% in
women over the age of 60 years). In addition, Hanagai et al.>*> and
Kanayama et al.>* reported that the prevalence of DD in the lumbar
region was the highest at L4/5 (67%; mean age 68.4 years) and L5/S1
(49.5%; mean age 39.7 years), respectively. In the present study, the
prevalence of DD was the highest at C5/6 (51.5% in men and 46.0%
in women) and L[4/5 (69.1% in men and 75.8% in women). The
prevalence of cervical DD in the previous study by Matsumoto
et al.* was higher than that in the present study. However, the
subjects were recruited from volunteers in the hospital rather than
a population; thus, the capacity for strict comparisons are limited.
Furthermore, few studies have reported age-related DD in the
thoracic region. Matsumoto et al. reported that the highest preva-
lence of DD occurred at T7/8 (30.9%; mean age 48.0 y) followed by
T6/7 in the thoracic region; however, all 94 participants in this
report were asymptomatic>". In the present study, we confirmed a
high prevalence of DD at T6/7 in the thoracic region. This finding is
supported by results from thoracic MRI investigations demon-
strating a high prevalence of DD in asymptomatic individuals.

The distribution of prevalence of DD was similar to the align-
ment of the spine in the sagittal plane, such as cervical lordosis
(C3—C7), thoracic kyphosis (T1—T12), and lumbar lordosis (L1—
L5)°°. The high prevalence of DD in the lumbar region can poten-
tially be explained by mechanical stress. Our results support the
hypothesis that compressive stress affected DD, since compressive
stresses are the highest in the mid-thoracic region of the entire
spine*’. Mechanical stress on the thoracic intervertebral disc is
reduced due to stabilization by the thoracic cage, and therefore, the
thoracic intervertebral disc may be affected by the detrimental
effect of compressive stress caused by posture on the sagittal bal-
ance of the spine®®. This study also provides the first mapping of
intervertebral spaces with DD over the entire spine by MRI analysis,
which adds to our knowledge of the distribution of prevalence of
DD in the cervical, thoracic, and lumbar regions, which has been
reported only fragmentarily in previous reports.

Our current results confirmed that age was a significant factor
associated with the presence of DD in all three regions. Previous
studies reported that the association of DD to factors such as height,
weight, and gender was uncertain; however, age, obesity, smoking,
and occupation have been suggested to be DD-associated factors>?
42, The previous studies focused almost entirely on the lumbar re-
gion, and the identification of associated factors may be challenging
for this region because it is affected to a greater extent by various
factors, including mechanical stress. Moreover, it remains unknown
what other factors (beyond age) are associated with DD in the
cervical and thoracic regions®">. In the present study, overweight
and obesity significantly influenced DD in the cervical and thoracic
regions (cervical; OR: overweight 1.38 [95% CI 1.00—1.90], obesity
1.60 [95% CI 1.04—2.51], thoracic; OR: overweight 1.64 [95% CI 1.17—
2.29], obesity 3.12 [95% CI 1.91-5.19]), and obesity also significantly
influenced DD in the lumbar region (OR: 2.56 [95% CI 1.20—6.14]). In
a previous study, Samartzis et al. reported that DD in the lumbar
region was significantly associated with overweight and obesity>°.
However, DD in the cervical and thoracic region did not demon-
strate a significant association with BMI, as reported by Okada
et al.’ and Matsumoto et al.>>. Of note, the previous studies were
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Table III

Prevalence of intervertebral spaces with DD over the entire spine by age strata in men and women
Age strata C2/3 (C3/4 C4/5 C5/6 C6/7 C7/T1 T1/2 T2/3 T3/4 T4/5 T5/6 T6/7 T7/8 T8/9 T9/10 T10/11 T11/12 TI12/L1 L1/2 L2/3 L3/4 L4/5 L5/S1
(years)
Men
Total 283 30.2 386 51.5 435 26.8 203 234 222 240 284 324 318 287 314 250 240 17.5 300 51.5 59.3 69.1 66.7
<50 105 105 131 157 131 52 52 78 78 52 105 78 52 26 26 2.6 0.0 0.0 26 105 7.8 342 473
50-59 6.7 11.8 152 372 27.1 101 84 67 118 11.8 169 23.7 27.1 169 203 169 135 5.1 152 355 61.0 745 50.8
60—69 353 369 492 50.7 40.0 21.0 200 246 23.0 27.6 276 353 323 369 415 23.0 24.6 184 40.0 60.0 69.0 769 753
70-79 359 359 494 640 516 348 247 269 258 303 33.7 382 415 359 404 37.0 314 26.9 393 69.6 73.0 79.7 79.7
=380 39.7 424 479 67.1 657 46.5 328 39.7 32.8 328 41.0 424 369 356 356 30.1 35.6 24.6 39.7 56.1 589 63.0 657
Women
Total 219 248 358 46.0 333 136 152 231 298 31.7 359 37.7 362 342 327 287 23.8 20.0 31.7 49.7 619 758 70.9
<50 22 34 103 206 103 1.1 00 11 45 00 11 45 34 57 45 4.5 1.1 0.0 45 126 183 494 563
50-59 112 94 232 362 232 34 68 120 155 155 163 181 19.8 129 13.7 103 6.9 6.9 156 356 556 739 704
60—-69 139 20.8 31.0 436 291 113 132 183 29.7 322 379 398 31.6 322 303 196 15.8 14.5 253 550 664 854 759
70-79 33.7 348 465 534 424 162 22.0 343 412 447 500 500 47.0 459 447 424 343 26.1 447 645 80.2 86.0 81.9
=380 40.6 46.6 57.6 669 525 322 27.1 406 457 516 576 610 669 618 576 56.7 529 46.1 572 623 675 69.2 589

Values are percentage.

conducted with asymptomatic healthy subjects. Therefore, based
on our findings, obesity appears to have some influence on the
process of DD over the entire spine.

An association between DD in the lumbar region and low back
pain was previously demonstrated in a twin study”*’. Moreover,
Okada et al.® reported an association between neck pain and DD in
the cervical region, whereas Arana et al.’ found an association be-
tween neck pain and DD in the upper thoracic region. Of interest,
no agreement has been reached regarding the most appropriate
definition of neck pain and low back pain in population cohorts’.
Nonetheless, we observed a significant association between the
presence of DD in the lumbar region and low back pain.

The present study has several limitations. First, it was a cross-
sectional study, and therefore, the transition to DD cannot be
clarified. Second, the participants included in the present study
may not represent the general population, since they were
recruited from only two local areas. To confirm whether the par-
ticipants of the Wakayama Spine Study are representative of the
Japanese population, we compared the anthropometric measure-
ments and frequencies of smoking and alcohol consumption be-
tween the general Japanese population and the study participants.
No significant differences in BMI were observed (men: 24.0 and
23.7, P = 0.33; women: 23.5 and 23.1, P = 0.07). Further, the pro-
portion of current smokers and those who consumed alcohol (those
who regularly smoked or consumed alcohol more than once per
month) in men and the proportion of those who consumed alcohol
in women were significantly higher in the general Japanese

Table IV

population than in the study population, whereas there was no
significant difference in the proportion of current smokers in
women (male smokers, 32.6% and 25.2%, P = 0.015; female
smokers, 4.9% and 4.1%, P = 0.50; men who consumed alcohol,
73.9% and 56.8%, P < 0.0001; women who consumed alcohol, 28.1%
and 18.8%, P < 0.0001). These results suggest the likelihood that in
this study, participants had healthier lifestyles than those of the
general Japanese population**. This “healthy” selection bias should
be taken into consideration when generalizing the results obtained
from the Wakayama Spine Study. Third, the Pfirrmann classification
introduced a comprehensive MRI grading system based on the
assessment of structure, the distinction of the nucleus and annulus
fibrosis, the signal intensity”®, and the height of the intervertebral
discs?’”. However, bony endplate alterations, osteophyte changes,
spinal stenosis, and disc protrusion are not covered by the Pfirr-
mann classification. Therefore, it is necessary to perform in-
vestigations that include these morphological changes. Finally, the
accurate measurement of obesity, such as abdominal obesity and/or
body composition, might reveal that obesity has a stronger asso-
ciation with DD; however, the present study examined only BMI as
a measurement of obesity. Thus, we plan to examine the girth of the
abdomen and body composition using electrical impedance in the
assessment of human body composition (the BIA method) in a
future study.

In conclusion, this study is the first one to investigate the
prevalence of DD over the entire spine in a large population of in-
dividuals to establish baseline data for a prospective longitudinal

Multiple logistic regression of the association with presence of DD with age, BMI, and gender

Cervical

OR (95% CI)

Thoracic

OR (95% CI)

Lumbar

OR (95% CI)

Age group (years)
<50

50—59 (vs <50)
60—69 (vs <50)
70—-79 (vs <50)
=80 (vs <50)
Men (vs women)

BMI (WHO-Asian category)
Underweight (vs normal)

Normal

1
2.45 (1.5-4.06)**
3.62 (2.26—5.91)***
7.87 (4.86—12.9)"**
16.9 (9.68—30.5)***
1.20 (0.89—1.64)

0.91 (0.49—1.70)
1

1
4,60 (2.53—8.76)"*
12.0 (6.77—22.7)"**
24,9 (13.8—47.6)**
47.0 (24.5-95.6)"
0.88 (0.64—1.21)

1.36 (0.71-2.67)
1

1
4.47 (2.44-8.48)"**
9.95 (5.02—21.3)***
15.0 (7.26—-34.5)"*
2.94 (1.71-5.13)*
0.70 (0.45—1.09)

0.81 (0.38—1.84)
1

Overweight (vs normal)
Obesity (vs normal)

1.38 (1.00—1.90)*
1.60 (1.04—2.51)*

1.64 (1.17-2.29)*
3.12 (1.91-5.19)**

1.14 (0.71-1.85)
2.56 (1.20—6.14)*

BMI category for Asian was based on World Health Organization (WHO) guidelines defining underweight (<18.5), normal (18.5-23), overweight (23—27.5), and obese

(>27.5). OR = odds ratio, CI = confidential interval.
*P < 0.05, **P < 0.001, ***P < 0.0001.

139



M. Teraguchi et al. / Osteoarthritis and Cartilage 22 (2014) 104—110 109

study. The prevalence of intervertebral spaces with DD was the
highest at C5/6, T6/7, and L4/5 in the cervical, thoracic, and lumbar
regions, respectively. DD in the cervical, thoracic, and lumbar re-
gions was significantly associated with age and obesity. A signifi-
cant positive association was observed between the presence of DD
in the lumbar region and low back pain.
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the Wakayama Spine Study

Masatoshi Teraguchi, MD, PhD*, Noriko Yoshimura, MD, PhD", Hiroshi Hashizume, MD, PhD"*,
Shigeyuki Muraki, MD, PhD¢, Hiroshi Yamada, MD, PhD*, Hiroyuki Oka, MD",
Akihito Minamide, MD, PhD*, Hiroyuki Nakagawa, MD, PhD", Yuyu Ishimoto, MD, PhD",
Keiji Nagata, MD, PhD", Ryohei Kagotani, MD, PhD", Sakae Tanaka, MD, PhD‘,
Hiroshi Kawaguchi, MD, PhD", Kozo Nakamura, MD, PhD', Toru Akune, MD, PhD",
Munehito Yoshida, MD, PhD*

“Department of Orthopaedic Surgery, Wakayama Medical University, 811-1 Kimiidera, Wakayama City, Wakayama 641-8510, Japan
®Department of Joint Disease Research, 22nd Century Medical and Research Center, Faculty of Medicine, The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku,
Tokyo 113-8655, Japan
“Department of Clinical Motor System Medicine, 22nd Century Medical and Research Center, Faculty of Medicine, The University of Tokyo, 7-3-1 Hongo,
Bunkyo-ku, Tokyo 113-8655, Japan
dDepartment of Orthopaedic Surgery, Faculty of Medicine, The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8655, Japan
¢Japan Community Health Care Organization Tokyo Shinjuku Medical Center, 6-1-1 Shinjuku, Shinjuku-ku, Tokyo 160-8402, Japan
fRehabilitation Services Bureau, National Rehabilitation Center for Persons with Disabilities, 1 Namiki 4-chome, Tokorozawa City, Saitama 359-8555, Japan

Received 17 July 2014; revised 21 October 2014; accepted 20 November 2014

Abstract BACKGROUND CONTEXT: Disc degeneration (DD) reportedly causes low back pain (LBP)
and is often observed concomitantly with end plate signal change (ESC) and/or Schmorl node
(SN) on magnetic resonance imaging.

PURPOSE: The purpose of this study was to examine the association between DD and LBP,
considering ESC and/or SN presence, in a large population study.

STUDY DESIGN/SETTING: Cross-sectional population-based study in two regions of Japan.
PATIENT SAMPLE: Of 1,011 possible participants, data from 975 participants (324 men, 651
women; mean age, 66.4 years; range, 21-97 years) were included.

OUTCOME MEASURES: Prevalence of DD, ESC, and SN alone and in combination in the
lumbar region and the association of these prevalence levels with LBP.

METHODS: Sagittal T2-weighted images were used to assess the intervertebral spaces between
L1-L2 and L5-S1. Disc degeneration was classified using the Pfirrmann classification system
(grades 4 and 5 indicated degeneration); ESC was defined as a diffuse high signal change along
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