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Metropolitan Geriatric Hospital. Since gait speed was not
measured at Tokyo Metropolitan Geriatric Hospital, 819
individuals who visited this hospital were removed from the
present study. Of 1,846 participants, the remaining 1,019
individuals aged >65 years who visited the survey site located
in Hidakagawa, Taiji, or at the University of Tokyo Hospital
and underwent an examination including gait speed assessment
were recruited for the present study. Of the 1,019 individuals,
19 were removed because 1 did not undergo handgrip strength
measurement and 18 did not undergo skeletal muscle mass
measurement. For the present study, we enrolled 1,000
participants (349 men and 651 women aged >65 years) from
the second visit who completed assessment of handgrip
strength, gait speed, and skeletal muscle mass. The mean age
of the participants was 75.7 (SD, 5.9) years in men and 74.4
(SD, 6.1) years in women. All participants provided written
informed consent, and the study was conducted with approval
from the Ethics Committee of the University of Tokyo.

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

Anthropometric and physical performance measurements

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

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

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

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

Statistical analysis

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

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)*
Excent where indicated BMI, kg/m? 23.3(3.0) 21.0 2.0)* 23.6(3.3) 20.0 (2.3)*
cept where indica
otherwise, values are mean (SD) ASM, kg , 19.8 (3.0) 16.0 (1.7)""t 13.8 (1.8) 114 (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) 16.3 (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 ir stand ti 6(3.7 119 (4.2)* 9 -
Older People, IOR interquartile Chair stand m.ne, s 9.6 (3.7) 9(4.2) . 9.9 (4.2) 13.4 (5.9)
range, SMI skeletal muscle mass One-leg standing time, 31.0(10.0-60.0) 8.0(4.0-16.0)* 26.0(8.0-60.0) 11.0(5.0-23.0)*
index median (IQR), s
ing, . 16. . .
«P<.001 vs. 110 penia in the Smoking, % o 15.6 6.7 23 6.2
same sex group by unpaired Alcohol consumption, % 58.8 458 14.7 18.8
Student’s ¢ test; TP<.01 vs. no Current walking habits, % 56.5 45.0 55.1 56.5
sarcopenia in the same sex groUp  Exercise habits in middle age, % 69.9 46.2 433 26.1°

by chi-square test

Figure 1 shows sex- and age-wise distributions of prevalence
of sarcopenia (Fig. 1a), low SMI (Fig. 1b), low grip strength
(Fig. 1c), and low gait speed (Fig. 1d). The total prevalence of
sarcopenia was 13.8 % in men and 12.4 % in women. Prevalence
of sarcopenia (number of cases/subjects) in the age strata of 65—
69, 70-74, 75-79, 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 % CL, 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 % CIL, 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 % CI, 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 curmrent walking habit was added as an
explanatory variable in this logistic regression model (OR, 0.53;
95 % Cl, 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 SML, 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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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

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

BMT body mass index, CJ
confidence interval, SMJ skeletal
muscle mass index

#Odds ratio and 95 % CI

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

b 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) 120 1.15~1.24 <.001
Sex (women vs. men) 098 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) 097 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° -0.02-019 .1

Grip strength 1.73¢ 1.02-2.44 <.001
Gait speed 0.07° 0.04-0.10 <.001
Chair stand time ~047° ~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 QOdds 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) 149° 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 .1
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 t0 0.38 .1

Grip strength 317 1.70 to 4.65 <.001
Gait speed 0.10° 0.04100.15 .001
Chair stand time -1.12° -1.95 t0 —0.28 .009
One-leg standing time 7.81° 2.571013.05 .004

CI confidence interval, SMI skeletal muscle mass index

2dds ratio and 95 % CI were calculated by logistic regression analysis after adjusting for age and BMI
b 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 Qdds ratio 95 % CI P value
Chair stand time (+1 s) 1.08° 1.02-1.15 .01
One-leg standing time (+1 s) 0.98* 0.96-1.00 .01
Smoking (yes vs. no) 244 0.61-9.72 2
Alcohol consumption (yes vs. no) 1.26* 0.58-2.71 5
Current walking habits (yes vs. no) 0.75° 0.39-1.44 3
Exercise habits in middle age (yes vs. no) 0.55° 0.27-1.13 A
Factors associated with exercise habits in middle age Regression coefficient 95 % CI P value
SMI 0.06° ~0.05t00.17 2

Grip strength 1.03° 0.2910 1.78 .007
Gait speed 0.06° 0.01 t0 0.10 .01
Chair stand time ~-0.12° —0.83 to 0.60 7
One-leg standing time 2.19° -1.24 t0 5.62 2

CI confidence interval, SMI skeletal muscle mass index

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

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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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 (5/6 (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

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

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)* 7. 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.acjp (H. Hashizume).

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'>'4, 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 uncommion problem!®®, In particular, the
stabilization of the thoracic region by the thoracic cage, which

1063-4584/5 — see front matter ® 2013 Osteoarthritis Research Society International. Published by Eisevier 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 MRL
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 (reck
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!819, 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

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 | 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
[kg)/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%2, 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?3~25,

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, T12 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 1
Characteristics of participants
Overall Men Women

No. of participants 975 324 651
Age strata (years)
<50 125 38 87
50-59 175 59 116
6069 223 65 158
70-79 261 89 172
=80 191 73 118
Demographic characteristics
Age, years 66.4 + 135 67.2 £ 139 66.0 + 134
Height, cm 1564 + 94 164.6 + 7.2 1515+ 72
Weight, kg 568+ 11.5 6453116 530+94
BMI (kg/m?) 233436 236+ 34 23137
BMI (WHO-Asian category) (N)
Underweight 61 16 45
Normal 425 124 300
Overweight 361 139 221
Cbesity 128 44 84
Baseline characteristics
Symptoms (%)
Neck pain 249 184 277
Low back pain 43 36.7 42.1
Life style (%) .
Smoking 10.7 252 41
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 contentina
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 BMLI. All statistical analyses were performed using JMP
version 8 (SAS Institute Japan, Tokyo, Japan).

Results

As shown in Table I, 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 II]

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 dassification. 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% ClI: 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% Cl: 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% CL:
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—
119, P = 0.33) and low back pain (OR 1.08, 95% CI: 0.80—147,
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%2°. 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 Il
Prevalence of DD by age strata in men and women

Cervical
Men Women Men

Age strata (years)

<50 710 770 263 278 157 114 552 712
50-59 915 93.1 474 49.1 49,1 353 864 913
6069 984 955 66,1 544 615 632 969 943
70-79 958 894 809 720 730 796 966 965
=80 932 974 863 855 794 889 821 845

Entire spine Thoracic Lumbar

Women Men

Women Men

Values are percentage.

drawbacks, including relatively small sample sizes'3C, narrow age
ranges3!, and asymptomatic subjects®2. 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.3® and
Kanayama et al.3 reported that the prevalence of DD in the lumbar
region was the highest at 14/5 (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 L4/5 (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 cccurred 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 factors39-
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% C1 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.3*, Of note, the previous studies were



108

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

Table 11

Prevalence of intervertebral spaces with DD over the entire spine by age strata in men and women

Agestrata C2/3 (3[4 C4/5 C5/6 C6/7 C7/T1 Tij2 T2{3 T3/4 T4/5 T5/6 T6/7 T7/8 T8/9 T9/10 T10{11 TI11/12 TI2/L1 L1f2 12/3 L3/4 14/5 L5/S1
(years)
Men
Total 283 302 386 51.5 435 268 203 234 222 240 284 324 318 287 314 250 240 175 300 515 593 691 66.7
<50 105 105 131 157 131 52 52 78 78 52 105 78 52 26 26 26 0.0 0.0 26 105 78 342 473
50-59 67 118 152 372 271 101 84 67 118 118 169 237 271 168 203 168 135 5.1 152 355 610 745 508
60-69 353 369 492 50.7 400 21.0 200 246 230 276 276 353 323 368 415 230 246 184 400 600 650 768 753
70-79 358 359 494 640 51.6 348 247 269 258 303 33.7 382 415 359 404 370 314 269 393 696 73.0 797 797
=80 39.7 424 479 671 657 465 328 397 328 328 410 424 3685 356 356 301 356 246 397 56.1 589 63.0 65.7
Women
Total 219 248 358 460 333 136 152 23.1 298 317 359 377 362 342 327 287 238 200 317 497 619 758 709
<50 22 34 103 206 103 1.1 00 11 45 00 11 45 34 57 45 45 1.1 0.0 45 126 183 494 563
50-59 112 94 232 362 232 34 68 120 155 155 163 181 198 128 137 103 69 69 156 356 556 739 704
60-69 139 208 310 436 291 113 132 183 297 322 379 398 316 322 303 196 158 145 253 550 664 854 759
70-79 337 348 465 534 424 162 220 343 412 447 500 500 470 459 447 424 343 261 447 645 802 860 819
=80 406 466 576 669 525 322 271 406 457 516 576 610 669 61.8 576 567 529 46.1 572 623 675 692 589

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 alcchol more than once per
month) in men and the proportion of those who consumed alcchol
in women were significantly higher in the general Japanese

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?3, 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 andfor
body composition, might reveal that obesity has a stronger asso-
ciation with DD; however, the present study examined only BMI as
ameasurement 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

Table IV
Multiple logistic regression of the asseciation with presence of DD with age, BMI, and gender
Cervical Thoracic Lumbar
OR (95% CI) OR (95% (1) OR (95% CI}
Age group (years)
<50 1 1 1
50-58 (vs <50) 245 (1.5-4.06)" 4,60 (2.53-8.76)"** 4.47 (2.44-848)"**
60-68 (vs <50) 3.62(226-5.91)""" 12.0 (6.77-22.7)** 9.95 (5.02—-21.3)***

70-79 (vs <50)
280 (vs <50}
Men (vs women)

7.87 (4.86-12.9)"*"
16.9 (9.68-30.5)***
120 (0.89-1.64)

BMI (WHO-Asian category)
Underweight (vs normal) 0.91 (0.49-1.70)
Normal 1

Overweight (vs normal)

1.38 (1.00-1.80)°
Ohesity (vs normal)

1.60 (1.04-251)"

249 (13.8-47.6)""
47.0 (24.5-95.6)"**
0.88 (0.64—-1.21)

15.0 (7.26-34.5)"*
2.94 (1.71-5.13)
0.70 (0.45-1.09)
1.36 {0.71-2.67) 0.81 (0.38-1.84)
1
1.14(0.71-1.85)
2.56 (1.20-6.14)*

1
1.64 (1.17-2.29)°
3.12 (1.91-5.189)***

BMI category for Asian was based on World Health Grganization (WHO) guldelines defining underweight (<18.5), normal {185-23), overweight (23-27.5), and cbese

(>27.5), OR = odds ratio, C1 = confidential interval,
*P < 0.05, **P < 0.001, ***p < 0.0001.



M. Teraguchi et al. / Osteoarthritis and Cartilage 22 (2014) 104110 109

study. The prevalence of intervertebral spaces with DD was the
highest at C5/6, T6/7, and 1.4/5 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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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.

BlEHTSE L




VIOO KNEUMatol OWIOAaed ol MILOTINANCAIICAIE.COL DY UIHVELSILY UL 1OKYO UL UD/U4/ 10

For personal use only.

DOI 10.3109/14397595.2014.883055

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
[kgl/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).

Knee OA with onset and resolution of pain and physical functional disability 967

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 0 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 155289  1634%65 150.8£6.5 < 0.0001
Weight 555104 6224102  51.8%85 < 0.0001
BMI 229:+33 232%3.1 22.8+33 0.0043
Grip strength 272+95 354x87 227364 < 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+225 0.157
Physical 3.032+6.63  256+571  329:+7.07 0.0268
function
WOMAC at
follow up
Pain 1.82£283 1.72%£2.67 1.88+29] 0.291
Physical 559497 473830 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
WOMAUC 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-
lution 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 653*113 67.6x108 0.056 633=11.0 68.9+10.2 <0.0001
BMI 23.1%3.1 23.1*+28 0.7981 23.1+3.0 23.0x32 0.8946
Grip strength ~ 37.1 +8.8 36.6+£9.3 0.6531 374%86 359%9.1 0.0149
Women
N 410 224 358 243
Age 627110 654*99 0.0017 602%104 65.7=10.0 <0.0001
BMI 22031 227+3.1 0.0023 222+3.1 22.6+3.1 0.0823
Grip strength ~ 24.2 +6.4 233+6.5 0.0948 253+65 228+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,
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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
K1 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=0611

Resolution of

Resolution of Continuous physical functional Continuous physical
pain pain p value  disability functional disability p value
Men
N 38 149 33 174
Age 72389 71.9+85 08 67.9*+11.6 73.4%7.6 0.0118
BMI 22830 23.7+33  0.08 234+32 23.6+3.2 0.8041
Grip strength 32664 324+75 0.869%4 349 6.7 31473 0.0091
WOMAC at baseline
Pain 1.8221.20  332%2.69 <0.0001 - - -
Physical function  ~ - - 4.85+7.69 7.207.58 0.1132
Women
N 97 274 58 346
Age 68.1 126 724+86 00022  68.1%11.1 732+82 0.0015
BMI 224432 240*x3.6 <0.0001 223%32 23.6%3.6 0.0066
Grip strength 229+72 19.8+49 00002 237x74 19.7+54 0.0002
WOMAC at baseline
Pain 1.84 118  3.68x290 <0.0001 ~ - -
Physical function - - - 3.33+4.32 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 (+ 1kg/m?) - - - - - -

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

KL 071 - - - 1

KL2 - - - 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 (+ 1kg/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 04977 0.96 0.92-0.99 0.0152
KL grade

KL 0/1 1 1

KL 2 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 02337 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.

BMI, 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 - - -

KL2 2.37 0.52-16.8  0.3042 - - -

KL 0/1 5.18 1.32-346 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 (+ lkg/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

KL2 1.34 0.66-2.79 04312 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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