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Table 2. Comparison of baseline characteristics between the occurrence or nonoccurrence of each musculoskeletal disease during the 3-year follow-up period.

Knee osteoarthritis Lumbar spondylosis Osteoporosis of lumbar spine (L2—4) Osteoporosis of femoral neck
(population at risk = 728) (population at risk = 530) (population at risk = 1,179) (population at risk = 1,187)
p value p value p value p value
Occurrence Nonoccurrence (occurrence vs. Occurrence Nonoccurrence (occurrence vs. Occurrence Nonoccurrence (occurrence vs. Occurrence Nonoccurrence  (OCCUITENCE VS
(n=171) (n=10657) nonoccurrence) (n=182) (n=7348) nonoccurrence) (n=27) (n=1,152) nonoccurrence) (n = 65) (n=1,122) nonoccurrence)
Selected characteristics, mean (SD)
Age, y 67.3(8.2) 582(11.8) <0.0001%** 63.3(10.8) 56.8(12.5) <0.0001*** 66.8 (8.9) 62.4(11.8) 0.0584+ 70.2(9.0) 61.9(11.5) <0.0001+F*
Height, cm 1539 (7.6) 158.8 (8.6) <0.0001%** 1543 (9.2) 1552(7.9) 0.2573 1519 (7.8) 157.0(8.6) 0.0022%* 1514 (6.7) 157.2(8.7) <0.0001***
Weight, kg 56.0(8.8) 56.8(11.0) 0.556 54.9(9.7) 53.6(9.5) 0.1477 50.6 (7.4)  57.7(10.3) 0.0004%%* 49.0 (6.4) 58.1(10.3) <0.0001%**
BMI, kg/m? 23.6(2.9) 224(3.2) 0.0035** 23.0(3.1) 222(3.3) 0.0107* 22.0(3.0) 23.4(3.3) 0.0312* 21.5(3.2) 235@3.3) <0.0001%**
Frequency of selected characteristics, % )
Female sex 74.7 58.6 0.009** 714 83.1 0.002* 85.2 61.0 0.011* 84.6 60.6 <0.001***
Residing in a 56.3 70.8 0.012% 423 61.5 <0.001*** 48.2 56.4 0.392 52.3 56.4 0.516
coastal area
Current 7.1 16.9 0.034* 144 9.8 0.118 39 13.7 0.147 5.0 13.8 0.051+
smoking
habit (more
than once a
month)
Currentalcohol ~ 35.2 47.9 0.041* 385 39.3 0.850 40.7 443 0.714 20.3 45.0 <0.001%**
consumption
(more than
once a
month)
Prevalence of musculoskeletal diseases,%
Knee — - — 44.8 30.5 0.001** 59.3 44.6 0.130 52.3 43.3 0.154
osteoarthritis
Lumbar 67.6 513 0.009** - - - 55.6 62.9 0.439 58.5 61.4 0.635
spondylosis
Osteoporosis 14.1 10.2 0.312 18.7 14.9 0.268 - - — 26.2 4.9 <0.001***
of lumbar
spine (L2-4)
Osteoporosis 11.3 72 0.213 14.3 8.9 0.058+ 25.9 4.8 <0.001*** - - -
of femoral
neck
Prevalence metabolic syndrome components, %
Obesity 9.9 7.8 0.535 11.0 6.6 0.080+ 3.7 11.6 0.204 3.1 1.9 0.031*
Hypertension 85.7 55.6 < (0.001%** 63.2 49.4 0.003** 71.8 66.1 0.204 81.3 65.4 0.009**
Dyslipidemia 15.5 11.6 0.333 132 9.8 0.232 11.1 13.7 0.697 12.3 13.6 0.776
1 Impaired 352 15.8 <0.001%** 19.2 16.1 0.363 14.8 214 0.406 23.1 20.9 0.669
- glucose ‘
] tolerance

‘m= BMI body mass index.

“$p<0.1, ¥p<0.05, **p<0.01, ***p < 0.001”.
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Table 3. Comparison of baseline characteristics between the occurrence or nonoccurrence of each metabolic syndrome component during the 3-year follow-up period.

Obesity Hypertension Dyslipidemia Impaired glucose tolerance
(population at risk = 1,239) (population at risk = 456) (population at risk = 1,204) (population at risk-=1,092)
p value p value p value ) p value
Occurrence  Nonoccurrence (occurrence vs  Occurrence  Nonoccurrence (occurrence vs Occurrence  Nonoccurrence  (occurrence vs  Occurrence  Nonoccurrence {(occurrence vs
(n=45) (n=1,194) nonoccurrence) (n=216) (n=240) nonoccurrence) (n = 236) (n=968) nonoccurrence) (n= 146) (n=946) nonoccurrence)
Selected characteristics, mean (SD)
Age,y 58.8 (12.5) 64.3(11.9) 0.0024** 60.1(11.9) 559 (12.8) 0.0003%** 66.2(9.5) 63.0(124) 0.0002%** 654 (10.5)  62.5(12.3)  Q.0061**
Height,cm . 155.5(7.5) 155.5(8.3) 0.9578 156.2(9.1) 156.9(7.9) 0.3902 155.7(9.1) 154.0(8.6) 0.0094** 154.3(9.3)  156.0(8.9) 0.0289*
Weight, kg 63.9 (6.8) 53.8 (8.8) < 0.0001*** 54.7(10.6)  53.1(8.5) 0.0782+ 56.5(10.4) 55.2(104) 0.1029 56.2(12.3)  55.2(102) 03097
BMI, kg/m? 26.4 (1.0) 22.2(2.5) <0.0001%** 22.3(3.3) 21.5(2.6) 0.0039%* 23732 2273.3) <0.0001%** 234 (3.7 226 (3.1) 0.0041**
Frequency of selected characteristics, %
Female sex 75.6 66.4 0.201 69.4 74.2 0.262 74.2 65.5 0.011* 72.6 67.1 0.187
Residing in a 82.2 523 <0.001*** 61.1 63.3 0.625 60.6 50.7 0.006%* 41.8 555 0.002%*
coastal area
Current 9.1 12.2 0.533 16.4 114 0.126 7.4 134 0.012* 10.7 12.7 0.509
smoking
habit (more
than once a
month)
Current alcohol =~ 33.3 40.2 0.355 36.0 425 0.156 28.8 44.3 <0.001%** 352 44.0 0.046*
consumption
(more than
once a month)
Prevalence of musculoskeletal diseases, %
Knee =~ 333 458 0.098+ 41.7 25.8 <0.001%%* 54.5 442 0.005%* 514 437 0.082+
osteoarthritis
Lumbar 57.8 60.7 0.692 50.9 42.1 0.059+ 64.8 59.7 0.149 61.0 505 0.740
spondylosis )
Osteoporosis of 44 13.2 0.086+ 14.0 7.9 0.038* 16.2 11.6 0.056+ 13.1 12.3 0.778
lumbar spine )
(L2-4) U
Osteoporosis of 0.0 12.3 0.013* 13.0 7.5 0.051+ 16.7 9.9 0.003** 11.7 10.6 0.685
femoral neck : :
Prevalence of metabolic syndrome components, %
Obesity « -+ - - - - 6.9 2.9 0.045* 123 9.3 0.169 13.7 74 0.010*
Hypertension 75.6 647 0.133 o= — - 73.2 64.1 0.008** 63.7 63.1 0.888
Dyslipidemia 222 12.1 0.045% 11.1 79 0.244 - - - 11.6 104 0.638
Impaired 28.9 18.8 0.093+ 13.4 9.6 0.197 26.7 16.9 0.001** - - -
o glucose '
Y e tolerance

- 63 BMI body mass index.
Cx +p<0.1, *p<0.05,**p<0.01, ***p<0.001.
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Table 4. Results of the logistic regression analyses for the occurrence of musculoskeletal diseases over a 3-year period.

Occurrence of knee osteoarthritis

Occurrence of lumbar spondylosis

Occurrence of osteoporosis
of the lumbar spine (L2-4)

Occurrence of osteoporosis of
the femoral neck

Explanatory variables Reference (at baseline) OR 95% CI p value OR 95%CI p value OR 95%CI pvalue OR 95%CI p value
Musculoskeletal diseases
Knee osteoarthritis 0: KLO,1vs1: KL=2 - - - 1.11  0.67-1.85 0.676 1.92 0.72-5.10  0.189 0.65 0.32-1.34 0.243
0:KLO0,1vs2: KL=3 - - - 1.54  0.74-3.22 0.246 0.70 0.16-3.04  0.637 0.52 0.22-1.23 0.140
Lumbar spondylosis 0: KLO,1vs 1: KL=2 1.25 0.61-2.58 0.546 - - - 0.73 0.24-2.15 0.563 0.82 0.38-1.79 0.616
0: KL 0,1 vs2: KL=3 1.35 0.69-2.64 0.382 - - - 0.52 0.19-144  0.209 0.54 0.27-1.08 0.086+
Osteoporosis of the lumbar spine (L2-4) 0: absent, 1: present 046 0.19-1.10 0.083+ 0.78 043-1.39 0.395 - - - 2.19 1.01-4.79 0.047*
Osteoporosis of the femoral neck 0: absent, 1: present 421 1.46-12.1 0.008** — - -
Metabolic syndrome components
Obesity 0: BMI=27.5, 1: BMI>275 159 0.59-4.30 0.357 1.97 0.99-3.92 0.053+ 0.48 0.06-3.78 0.486 032 0.07-1.43 0.134
Hypertension 0: absent, 1: present 2.57  1.22-542 0.013* 1.20 0.79-1.82 0.395 1.81 0.67-4.87 0.243 1.36  0.66-2.79 0.400
Dyslipidemia 0: absent, 1: present 1.14  0.52-2.47 0.746 1.31  0.72-2.41 0.378 0.84 0.24-2.99 0.790 0.75 0.33-1.73 0.504
Impaired glucose tolerance 0: absent, 1: present 1.99  1.07-3.70 0.029* 0.73 0.43-1.24 0.243 0.65 0.21-2.03 0456 090 0.45-1.80 0.773
Adjusted for:
Age, years +1y 1.08  1.05-1.12  <0.001*** 1.04 1.02-1.06 <0.001*** 1.03 0.98-1.08 0.257 1:12  1.07-1.16 <0.001***
Sex 0: men, 1: women 473 222-10.1  <0.001*** 048 0.28-0.85 0.011* 3.07 0.89-106  0.077+ 475 191-11.9 0.001*+*
Residing region 0: mountainous area, 1: 0.63 036-1.11 0.112 0.60 0.38-0.94 0.024* 1.13 047-2.75 0.785 141 0.75-2.61 0.285
coastal area
Smoking 0: ex or never smoker, 1: 1.05  0.36-3.01 0.931 1.31 0.67-2.57 0.431 0.56 0.07-4.69 0.593 1.16 0.31-4.13 0.819
current smoker '
Alcohol consumption 0: ex or never drinker, 1: 1.04 0.56-1.91 0.907 0.78 0.50-1.21 0.260 1.18 0.49-2.87 0.711 0.66 0.32-1.37 0.260

current drinker

BMI body mass index, CI confidence interval, KL Kellgren-Lawrence grade, OR odds ratio.

+p<0.1, *p<0.05, **p < 0.01, ***p <0.001.

Muitivariate logistic regression analysis was performed for each of the outcome variables: occurrence of knee osteoarthritis (0, nonoccurrence; 1, occurrence), occurrence of lumbar spondylosis (0, absence; 1,
presence), occurrence of osteoporosis of the lumbar spine (L2-4), and occurrence of osteoporosis of the femoral neck. All of the models included obesity, hypertension, dyslipidemia, and impaired glucose
tolerance at baseline as explanatory variables in addition to the presence at baseline of each of the other musculoskeletal variables (knee osteoarthritis, lumbar spondylosis, osteoporosis at .24, osteoporosis of
the femoral neck) after adjusting for age, sex, regional differences, smoking, and alcohol consumption.
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Table 5. Results of the logistic regression analyses for the occurrence of metabolic components.over a 3-year period.
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Reference

Occurrence of obesity

Occurrence of hypertension

Occurrence of dyslipidemia

Occurrence of impaired
glucose tolerance

Explanatory variables OR - 95%CI pvalue OR = 95%Cl pvalue  OR  95%CI p value OR 95% CI p value
Musculoskeletal diseases ) .
Knee osteoarthritis 0:KLO,1vs I: KL=2 091 038220 0.832 1.84 1.09-3.12 @.24* 1.1I7 079-1.73 0.440 106 0.67-1.67  0.797
0:KL 0,1 vs 2:KL=3 1.09 0.39-3.08 0.866 1.96  0.89-4.34 0096+ 1.66 1.05-2.61 0.029% 070 0.39-1.29  0.256
Lumbar spondylosis 0: KL O,l'vs'1: KL=2 1.32  0.55-3.16 0.532 0.82 047-142 0479 1.08  0.71-1.65 0.720 111 0.68-1.82 0.673
‘ B 0:KLO,lvs2: KL=3 1.20 -0.55-2.62  0.655 1.44 .. 0.88-234  0.143 0.95 .0.64-1.39 0.779 090  0.57-144  0.670
Osteoporosis of the lumbar spine (I.2-4)  0: absent, 1: present 047 0.11-2.06 0.314 1.52.. 077-3.01 0231 - L.20  0.75-1.92 0.446 073 0.40-1.33 0302
Components of metabolic syndrome : ) )
Obesity 0: BMI=27.5, 1: BMI>275 - - = 339 1.25-9.17 0.016* 1.04 0.63-1.72 0.866 242 1.34-4.39 0.004**
Hypertension: 0:-absent, 1: present 299  1.35-6.59  0.007¥* - - - 129 0.89-1.85 0.174 0.82  0.54-1.22 0.326
Dyslipidemia 0: absent, 1: present 1.88 0.86-4.09  0.112 1.20 - 0.61-2.35  0.589 - - - 117 0.66-2.05  0.598
Impaired-glucose tolerance 0::absent, 1: present 202 097423  0.061+ 117 062-221  0.620 1.53  1.06-2.20 0.023* - - -
Adjusted factors ! k . .
Age,yi o +1y 095 091-098 0.002** 1.01 099-1.04 0.162 1.02  1.00-1.03 0.087+  1.02  1.00-1.03  0.025*
Sex 0: men, 1: women 146 0.61-347  0.396 0.77 045-1.33  0.352 1.28 0.85-1.93 0.245 1.35  0.81-2.25 0245
Residing region 0: mountainous area, 1: 330 . 1.38-7.92  0007** 1.25 0.80-1.97 0.327 1.84  1.31-2.539 <0.001***  0.65  0.43-098  (.038*
. .coastal area . . ’
Smoking 0: ex or never smoker, 1: 0.66 0.20-2.25 0.510 1.82  0.98-3.40 0.060+ 079  0.44-1.41 0.425 1.11 0.59-2.09 0.747
current smoker ) )
0: ex or never drinker, 1: 0.80 0.39-1.64 0.549 0.78 0.50-1.20 0.259 0.71  0.50-1.01 0.060+ 0.69 " 0.45-1.07  0.096+

Alcohol consumption

current drinker

BMI body mass index, C confidence interval, KL Kellgren-Lawrence grade, OR odds ratio.

+p<0.1, *p<0.05, ¥*p < 0.01, ***

»<<0.001.

Multlvanate logistic regression analysxs was performed for each of the metabolic syndrome components: obesity, hypertension, dyslipidemia, and impaired glucose tolerance. All of the models included knee
osteoarthritis (0, KL grades 0, 1; 1, KL grade 2; 2, KL grades, 3, 4), lumbar spondylosis (0, KL grades 0, 1; 1, KL grade 2; 2, KL grades 3, 4), osteoporosis (at L2-4) at baseline as explanatory variables in addition
to.the presence at basehne of each of the other metabolic syndrome components after adjusting for age, sex, reglonal differences, smoking, and alcohol consumption.
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Musculoskeletal diseases and metabolic syndrome components 9

Figure 1. Summary of the mutual
associations among musculoskeletal

Musculoskeletal diseases

diseases and metabolic syndrome
components.

. Knee. G
osteoarthritis

Osteoarthritis

i Lumbar
spine L24

[ Lumbar
' 'spondylosis

_Femoral '
~neck

OR1.66 || OR1.99 |

OR 1.971 -
Impaired glucose
Hypertension ! OR 2.02t tolerance
OR 2.98 [
—] OR339 OR1.53
OR 2.48
Dyslipidaemia

Obesity

Metabolic syndrome

I presence I-——H occurrence ] t:p < 0.1, OR, odds ratio

=== Association among metabolic components and musculoskeletal diseases.
———p Association within metabolic components, or within musculoskeletal diseases.

was not significant. Therefore, to prevent new occurrence of KOA,
the importance of body weight reduction remains unchanged.

With regard to the etiology of the association between OA
and metabolic syndrome components, mechanical stress result-
ing from the weight-related load would be the first consideration.
However, the results of the present study remained the same after
the adjustment for OB. Zhuo et al. provided several explanations
in their review in addition to summarizing the shared mechanisms
involving inflammation, oxidative stress, common metabolites,
and endothelial dysfunction that characterize the etiologies of
OA and metabolic syndrome [30]. In the interest of determining
whether inflammation played a role in the present study, we added
baseline serum C-reactive protein (CRP) levels to the logistic
regression analysis; the adjusted ORs for HT and IGT, with the
outcome as the occurrence of KOA, remained unchanged. Because
we used a standard method to measure CRP levels, further research
is required to assess the effect of systemic inflammation on
KOA using a more sensitive measurement method. With regard
to oxidative stress, we plan to measure oxidative stress after we
determine suitable indices and evaluate the potential role of oxida-
tive stress as a shared risk factor for both musculoskeletal diseases
and metabolic syndrome components. -

The risk of the occurrence of LS was not influenced by any of
the variables included in the present study; however, OB tended
to increase the risk. Fewer environmental risk factors, including
occupational activities, exist for LS than for KOA [31]. It is pos-
sible that lumbar osteoproliferative changes are not influenced
by mechanical stress to the same extent as the knee. On the other
hand, the definition in the present study of a new case of joint
OA as a baseline KL grade <2 for joints and a follow-up grade
=2 for at least one joint may have also influenced the findings.
It is common to use a KL grade =2 for at least one joint as the
criterion for the presence of OA, and, in the Japanese, a previously
reported prevalence using this criterion was very high [18]. There-
fore, the population at risk for the occurrence of LS was small with
insufficient statistical power to detect significant relationships in
the present study. However, the results were not affected when we
changed the criterion to a more severe KL grade =3 for at least
one joint in the logistic multivariate analysis, indicating that it is

necessary to use another index to detect the risk factors for LS.
We have started to measure osteophytes and minimum joint space
using computer-assisted systems to enable the detection of risk
factors for the development of OA of the lumbar spine.

Only the presence of OP at one site increased the risk of the
occurrence of OP at the other site. Therefore, the treatment of OP
at any site may prevent OP at other sites. In addition, OB tended
to decrease the risk of the occurrence of OP. When we replaced
OB with BMI in the logistic regression analysis, a greater BMI
(+ 1 kg/m?) significantly reduced the risk of the occurrence of OP
at L2—4 and the femoral neck; it has previously been reported that
emaciation increases the risk of OP [12].

We have previously reported that the presence of lumbar
OP significantly reduces the risk of the occurrence of LS in a
population-based cohort that consisted of 400 Japanese middle-
aged and elderly people who were followed up for 10 years [17].
In the present study, LS tended to reduce the risk of the occur-
rence of OP at the femoral neck, and lumbar OP tended to reduce
the risk of the occurrence of KOA. The low incidence of OP at
both L2—4 (0.76%/year) and the femoral neck (1.83%/year) might
not have resulted in sufficient statistical power to detect the risk
of other musculoskeletal diseases. A longer observation period
may be required to determine the significant risk factors, includ-
ing musculoskeletal diseases and metabolic risk factors, for the
occurrence of OP. ‘

We also detected associations between the presence and occur-
rence of metabolic syndrome components, including OB and HT
(reciprocal), OB and IGT (reciprocal), and IGT and DL. However,
there was no significant relationship between HT and DL after
adjustment for various confounders including smoking. When we
replaced OB with the BMI values in the analysis, the significant
associations that were present between OB and HT as well as IGT
remained with BMI; furthermore, we found that BMI significantly
increased the risk of the occurrence of DL (lumbar spine OP as
an explanatory factor for OP, BMI + 1 kg/m?; OR, 1.08; 95% CI,
1.03-1.14; p=0.001; femoral neck OP as an explanatory factor
for OP, BMI + 1 kg/m?; OR, 1.09; 95% CI, 1.04-1.14; p <0.001).
Therefore, we emphasize that greater body composition increases
the risk of other components of metabolic syndrome, and the
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maintenance of a hea thy body composition is 1mportant to reduce
the occurrence of metabolic syndrome.

This study has certain limitations. First, the dehnmons for the
metabolic syndrome components.were not exactly the same as
those used internationally by such associations as the Adult Treat-

ment Panel (ATP) 1II, World Health Organization (WHO), and -
American Association of Chnrcal Endocrinologists (AACE) [32].

As there has been consrderable debate regarding abdominal cir-
cumference (= 85 cmrin'men, =90 cm in women) in the Japanese

criteria [33]; we decided to use BMI=27.5 kg/m? (o indicate OB

rather than abdominal circumference. Furthermore because not
all blood samples were obtained under fasting: condltrons, we did
not use blood glucose or serum rrrglycerlde levels as indicators.
Therefore, our results may underestimate the presence of meta-
bolic syndromecomponents, especially. DL and IGT. However,
we used an alternative index for each condmon asrecommended
by the National Health and’ Nutrition Survey, for cases. in which
samples could not be collected under fasting conditions [26]; thus,
we believe our criteria could reflect dysfunction in lipid-and glu-
cose metabolisms. Finally, as previously mentioned, the incidence
of some diseases, especially OP, may have been too low to detect
risk factors in multivariate models. Therefore, longer observations
should be conducted to determine the significant risk factors for OP.
Similarly, the low incidence of OB might have biased the results,
as indicated by the significant associations that were present with
BMI but not OB. Because the main aim of the present study was
to clarify the association between musculoskeletal diseases and

_metabolic components we used the presence or occurrence of

OB in the analysis. These results support the 1mportance of body
composition for the occurrence of musculoskeletal diseases or the
components of metabohc syndrome, despite a lack of assocratlon

- with OB per se.

To conclude, we 1dent1ﬁed assocmtrons between the presence
and occurrence of musculoskeletal diseases. and metabolic syn-
drome _components, Therefore, proactive prevention of metabohc
syndrome or musculoskeletal dlseases may also 1nﬂuence the

occurrence of the other
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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 sighificant association of knee OA with onset of pain and resolution
of physical functional disability in men. o i
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

Correspondence to: Shigeyuki Muraki, MD, PhD, Department of Clinical
Motor System Medicine, 22nd Century Medical & Research Center,
Faculty of Medicine, the University of Tokyo, Tokyo, Japan. Tel: + 81-
3-5800-9178. Fax: + 81-3-5800-9179. E-mail: murakis-ort@h.u-tokyo.
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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 buef summary is provided here. During 2005-2007, we

created a baseline database that included clinical and geneuck

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 partlclpants 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, bracmg, etc.

between the baseline and follow-up study. Anthropometrlc 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 basehne study during 2005-2007.

Radlographlcassessment .

+ Allparticipants 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 sufﬁc:lent for assessment

(0. 86 and 0. 80 respectively).

Mod Rheumatol, 2014; Early Online: 1-10
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The WOMAC, a 24-item OA-specxﬁc index, cons1sts 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 vxsual
analog scale [22,9]. In the present study, we used the leert 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 pam and physical functional disability were defined

as WOMAC pain score = 0 al 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 preva]ence of knee OA was compared
between men and women using chi-square test. Tukey’s honestly
51gmﬁcam dlﬂ'erence test after ad]ustment for age and BMI was

~-used to compare WOMAC pain and physical functional score and

dlfferences between baseline and follow up among subjects with
KL =0/1, 2 and 3/4. The non—palred 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 dlsablhty as well as those with and without resolution of
pain and physwal functional dlsablhty Multiple loglstlc regression
analy51s after ad]ustment 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 versmn 9.0
(SAS Instltute Inc., Cary, NC)

Results

Of the 3,040 subjects in the basehne 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 partlclpate 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+x11.0 68.1+10.7 66.5x11.0 0.004
Height 1552*+89 163465 1508%6.5 <0.0001
Weight 555*x104 622*102 51.8%85 <0.0001
BMI 229+33 23.2+*3.1 22.8+33 0.0043
Grip strength 272+*95 354x87 22.7*6.4 <0.0001
Knee OA (%) 493 38.7 552 <0.0001
WOMAC at
baseline
Pain 1.12+2.18  1.02%x205 1.18%+225 0.157
Physical 3.03%£6.63 2.56*571  3.29x7.07 0.0268
function
WOMAC at
follow up
Pain 1.82+2.83 = 1.72+2.67  1.88+291 0.291
Physical 5.59+9.7 473+830 6.06+1036 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/10.3109/14397595.2014.88
3055. 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.

Knee osteoarthritis with onset and resolution of pain and physical functional disability 3

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 i )
N 238 128 214 132
Age 653%x113 67.6+10.8 0.056 63.3+11.0 68.9+10.2 <0.0001
BMI 23.1#+3.1 23.1%x28 0.7981  23.1%x30 23.0x32 0.8946
Grip strength  37.1 8.8 36.6*+9.3 0.6531 37.4x8.6 35991 0.0149
Women )
N 410 224 358 243
Age 627110 654%+99 0.0017  60.2+10.4 65.7+10.0 <0.0001
BMI 22.0*+3.1 227%3.1 0.0023 22231 22.6*3.1 0.0823
Grip strength  242+6.4 233+6.5 0.0948 253*6.5 22.8+5.3 <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 functlonal dlsablhty

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 JnuIUple loglstlc regression
analysis after adjustment for age.

disability disappéafed 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,

Mod Rheumatol, 2014; Early Online: 1-10

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 4 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,
2= 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 funcuonal
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 (»<0.01) by non-paired Student’s ¢t test or
chi-square test shown in Table 2 and Figure | as explanatory vari-
ables (Table 4). Regardmﬂ onset of pain, there were no 31gn1ﬁcant
variables in men; thus, we did not examine the independent asso-
ciation with onset of pain. In women, older age and higher BMI
were 1ndependently associated with onset of pain. Older age and
KL 3/4 knee OA were mdependent risk factors for onset of physi-
cal funcnonal 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 §1gmﬁcant association
of knee OA with onset of physwal functional disability dlsappeared
after adjustment age, BMI and grip strencth in women.

We also examined mdependent associations of age, BMI, grlp
strength and KL crade w1th resolutlon ‘of pain and physmal func-

-tional disability (Table 5). KL 0/1 knee and lower WOMAC pain

score at baseline were 51gmﬁcant1y assocmted with resolution of
pain in men, whereas lower BMI, hlgher erip strength and lower
WOMAC pain score were 51gn1ﬁcant1y associated with resolutlon
of pain in womern. Regardmg physical function, onIy age was sig-

'mﬁcamly associated with resolution of physical functional disabil-

ity in men, whereas higher grip str ength 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 notundergo 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, BML, 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 Physical function
N=1558 N=611
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 723*+8.9 71985 038 67.9+11.6 734x76 0.0118
BMI 228+*3.0 23.7+33  0.08 23.4+32 123.6%32 0.8041
Grip strength 326*64 324+75 0.8694 349+6.7 31473 0.0091
WOMAC at baseline : .
Pain 1.82+1.20 3.32x2.69 <0.0001 - - -
Physical function ~ - ) - 4.85+7.69 7.20 =7.58 .0.1132
~ ‘Women )
N 97 274 58 346
Age 68.1+126 724x86 00022  68.1:+11.1 73.2+82 0.0015
BMI 224+32 240+3.6  <0.0001 223+32 23.6+3.6 0.0066
Grip strength 229+72 19.8+49 0.0002 23774 19.7x54 0.0002
WOMAC at baseline
Pain 1.84+1.18 3.68*+290 <0.0001 - - -
Physical function — - - 3.33+432 8.99 +9.54 <0.0001

Values are the means * standard deviation.

BM], 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/10.3109/14397595.2014.8
83055). 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/10.3109/14397595.2014.883
055). 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://informahealth-
care.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 pvalue  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
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  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.

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

RIGHTS 1w Hig

171



Mod Rheumatol Downloaded from informahealthcare.com by University of Tokyo on 05/07/14

For personal use only.

6 8. Muraki et al.

found in the present study. This discrepancy betwcen 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 physwal
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 ofpain 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

Mod Rheumatol, 2014; Early Online: 1-10

had contmuous knee pam 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 1mprovement of obesity
and muscle exercises.

In the present study, physmal funcuonal dlsablhty dxsappeared
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 S. Assomanon of resolutmn of pain. and physical functional disability with age, BMI, grip strength

and KL grade.
Sk e “Resolution of physxcal funcnonal
/. Resolution of pain disability ; i
'Adjusted OR " 95% CI p value Adjusted OR " 95% CI pvalue

Men

Age (Flyear) o h—n s = 0.95 0.90-0.9985 - 0.0443

“BMI (+1kg/m? 092 0.80-1.04 - 0.1994 - ) - : -

“Grip strength (+ lkg) e - - - 1.02 0.96-1.09 0.526
KL grade Y : ’ -

KL 3/4 ' 1 - - -

KL2. 2.37 0.52-16.8  0.3042 - - R

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

Pain 0.63 0.46-0.80  0.001 - - ‘ -

Physical function - - - - - -
Women o

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 - e oo

KL 3/4 1 I 1. o E

KL2 1.34 0.66-2.79  0.4312 3.04 1.15-9.62 10.0362

KL 0/1 1.71 0.79-3.77  0.1797 252 0.89-8.34 0.0997
WOMAC at baseline . . .

Pain 0.66 0.53-0.78 = <0.0001 - . - =

Physmal function - - - ..0.87 0.78-0.93 0.0009

Mu]tlple logistic regression ana]ys1s was used with 51gn1ﬁcant variables (p<<0.01) in univariate model as

explanatory variables.

BMI, body mass index; WOMAC, Western Ontario and McMaster Umversmes 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. i

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

Keywords

Objectives. To identify the prevalence, incidence and progression of radiographic lumbar spon-
dylosis (LS).

Methods. From the Adult Health Study conducted by the Radiation Effects Research Foundation,
1,204 participants aged 44-85 years who had lumbar spine radiographs in 1990-1992 were reex-
amined in 1998-2000 (mean 7.9-year interval). The radiographic severity of LS was determined
by Kellgren/Lawrence (KL) grading.

Results. In the overall population, the prevalence of radiographic KL =2 and = 3 LS was 52.9% and
23.6%, respectively. KL= 2 LS was more prevalent in men, whereas KL = 3 LS was more prevalent
in women. During the 8-year follow-up, the incidence of KL= 2 LS in men and women was 65.5%
and 46.6%, that of KL= 3 LS was 27.3% and 29.5%, that of progressive LS was 31.3% and 34.0%,
and multilevel LS was 44.9% and 33.4%, respectively. Body-mass index was a risk factor for both
KL= 2 and KL =3 LS, after adjusting for age and sex.

Conclusions. The present longitudinal study revealed the prevalence, incidence and progression
of radiographic LS. Prevalence and incidence of KL =2 LS was higher in men than women, while,

Incidence, Lumbar spine, Prevalence,
Progression, Spondylosis
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those of KL = 3 were similar between men and women.

Introduction

Lumbar spondylosis (LS), characterized by disc degeneration and
osteophytosis [1,2], is a major public health issue in most countries
and causes chronic disability among the elderly [1,3-8]. Despite
the urgent need for strategies to prevent and treat this condition,
epidemiologic data on LS are sparse. Past studies reported wide
ranged prevalence of radiographic LS from 40% to 85% based on
the limited number of study subjects in a clinical setting [9-17].
This variability may be due to the differences in age, communi-
ties, sample sizes, imaging modality and ethnic variations, yet the
disorder burden remains unclear. Further, there are few studies
regarding the incidence or progression of LS [7,12,15,18,19].

Plain radiography is considered the gold standard as a method
that is non-invasive, inexpensive, convenient, simple and fast to
use in assessing osteoarthritis (OA) severity. The most popular
grading system for radiographic severity of OA is the Kellgren/
Lawrence (KL) system, which is classified into five grade (0—4)
scales; KL =2 is the conventional standard for diagnosis [20].
For LS, KL Grade 2 is defined as osteophyte formation and KL
Grade 3 is defined as osteophyte formation along with disc-space
narrowing. Hence, to assess osteophyte formation alone and disc-
space narrowing with or without osteophyte formation, the preva-
lence and incidence of KL= 2 LS as well as that of KL=3 LS is
needed.

Correspondence to: Shigeyuki Muraki, M.D., Ph.D., 22nd Century
Medical and Research Center, Faculty of Medicine, University of Tokyo,
Hongo 7-3-1, Bunkyo, Tokyo 113-8655, Japan. Tel: + 81-3-5800-9178.
Fax: + 81-3-5800-9179. E-mail: murakis-ort@h.u-tokyo.ac.jp

In the present study, we analyzed the prevalence, incidence and
progression of LS according to gender and age strata in Japan.

Materials and methods
Subjects

The Adult Health Study (AHS) was established by the Radiation
Effects Research Foundation in 1958 to document the late health
effects of radiation exposure among atomic-bomb survivors in
Hiroshima and Nagasaki, and study subjects have been followed
through biennial medical examinations. The participation rate

. has been over 70% throughout this period. More detail concern-

ing recruitment and examination of participants was reported
elsewhere [21].

Among AHS subjects, 1,297 subjects (363 men and 934 women)
aged 44-85 years underwent radiographic examinations of the lum-
bar spine in Hiroshima between 1990 and 1992 (baseline). Of those
1,297 subjects, 1,204 (92.8%) subjects participated in the follow-up
study between 1998 and 2000. All participants provided written
informed consent, and the study was conducted with the approval of
ethical committees of the Radiation Effects Research Foundation.
Anthropometric measurements included height, weight and body—
mass index (BMI; weight [kg]/height [m?]) was calculated. We
used individual radiation dose estimates from the Radiation Effects
Research Foundation’s Dosimetry System 2002 (DS02) [22].

Radiographic assessments

Plain radiographs of the lumbar spine were taken in the lateral
position to assess radiographic LS. The severity of LS was
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Table 1. Characteristics of participants.
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- Men. Women
Overall < 50 50-59 60-69 =70 Overall <50 50-59 60-69 =70

No. of 363 56 83 158 66 934 129 217 414 174 -

subjects . . . . . . . ‘
Age,years  612%94 464*+13 558:£33 632+2.6 755+4]1 61.6%£89 465+13 55630 642:£28 742%32
Height,em 163258 166.6+6.3 163956 163.0%53 1599252 150.7+5.6% 153.4+5.0% 151.9+55% 150.7+53% 1473 %5.1*
Weight, kg 59.9£86 61.6x7.7 61.929.1 601%84 556%76 524£87% 542x85% 545+90% 521x83% 493+8.6%
BMI, kg/m? 225428 222 22.9+34

27 23.0%29 22.6:&“.’7’ 21.7+£28 23.1+3.5% 23.1+3.6

23.6£35 227+ 3.§*

Data are mean = standard deviation.
BMI, body-mass index.

*p<0.05 vs. men in the corresponding group by non-paired Student’s t test.

determined according to the KL grading [20] at each interverte-
bral level from L1/2 to L5/S1 by a well-experienced orthopedists
(S.M.), who was masked to the patients’ backgrounds. The KL
scale defines radiographic OA in five categories: KL Grade 0, no
radiographic features of OA; KL Grade 1, minimal osteophyto-
sis only; KL Grade 2, deﬁmle osteophytosis with some sclerosis
of the anterior part of the vertebral plate; KI. Grade 3, marked
osteophytosis and sclerosis of the vertebral plates with slight
narrowing of the disc space and KL Grade 4, large osteophytes,
marked sclerosis of the vertebral plates and marked narrowing
of the disc space. To evaluate the, intra-observer varjability of
the KL grading, 100 randomly selected radiographs of the lum-
bar spine were scored by the same observer more than a month
after the first reading. A further 100 radiographs were scored
by two experienced orthopedic surgeons. They used-the same
radiographic atlas for inter-observer variability. The intra- and
inter-observer variabilities were evaluated by kappa analysis.
These variabilities in the KL grading on lumbar radiographs
have been shown to be sufficient for assessment (0.84 and 0.76,
respectively).

For the purposes of this study, we defined four LS outcomes.
First, a subject could have incident KL = 2 radiographic LS if all
vertebral interspaces had << Grade 2 disease at baseline, and if at

“least one vertebral interspace had = Grade 2 disease at follow-up.

Second, a subject could have incident KL= 3 radiographic LS if
all vertebral interspaces had < Grade.3 disease at baseline, and
if at least one vertebral interspace had Grade=3 at follow-up

Third, progressive LS was defined as KL = 2 LS at baseline'and an
increase by at least one grade in the affected vertebral interspace
at follow- -up. Fourth, multilevel LS was defined as KL =2 grade at
two or more interspaces. A subject could have incident multilevel
LS if the subject had less than two mterspaces with KL =2 LS at
baseline, and if he or she had two or more mterspaces with KL> 2
at follow-up.

Statistical analysis

We used the chi-square test to compare the prevalence and inci-
dence with radiographic LS between men and women. Incidence
was calculated as follows: the number-of subjects with LS at
follow-up- among those without LS ‘at baseline divided by the
number of subjects without LS at baseline. The association of
variables such as age, BMI and gender with the prevalence and
incidence of radiographic LS was evaluated by multiple logistic
regression analysis. Data analyses were performed using SAS
version 9.0 (SAS Institute Inc., Cary, NC).

Results

Characteristics of the 1,297 participants at baseline are shown in
Table 1. The mean age of those participating in the follow-up study
was 69:1 9.0 years. The interval between baselme exammauon
and follow-up was 7.9 £ 1.1 years.

The prevalence of KL =2 LS in the overall population and sub-
groups classified by gender and age strata at baseline is shown in
Table 2. The prevalence was s1gmﬁcantly higher at all mterspaces
and at the most severe space in men compared with women in
the overall population. The prevalence of multilevel LS was also
significantly higher in men than in women. Logistic regression
analysis showed that the prevalence of KL =2 LS at all interspaces

- as well as at the most severe level, and multilevel spondylosis was
significantly associated with age in men and women. In men, the
prevalence was highest at L.3/4 at almost all age strata, whereas in
women, the prevalence was highest at L4/5.

In contrast to KL =2 LS, the prevalence of KL=3 LS was
significantly higher at all interspaces and at the most.severe space
in women. than. men in the overall population (Table 3). The
prevalence of multilevel LS was also higher in women than in

~men. Logistic regression analysis showed that the prevalence of
KL =3 LS at all interspaces as well as at the most severe level, and

Table 2. Number (percentage) of participants with KL>2 LS at each vertebral interspace as wel] as the most
severe space, and multilevel KL=2 LS accordmg to gender and age strata at baseline.

Ageat . B : : :
baseline  L1/2 23 L3/4 L4/5 ! L5/S‘ Severest . Multilevel
OVéIfall 231(17.8) 370.(28.5) 381 (29.4) 413 (31.8) 180 (13.9) 697 (53.8) 430 (33.2)
Men 102 (28.1) 138 (38.0) 157 (43.2) 140(38.6)  52(14.3) 246 (67.8) 167 (46.0)
<50 5(8.9 12(21.4) - 15(26.8) 9(16.1) 4(7.1) 122(39.3) 11 (19.6)
50-59 18 (21.7) 17 (20.5) :25.(30:1) 27 (32.5) 6(7.2) 7 48(57.8) - 29(34.9)
60-69 50 (31.6).. 71(44.9). .76 (48.1) 64 (40:5) 25(15.8) 118 (74.7) 80 (50.6)
=70  29(43.9) 38 (57.6) 41 (62.1) 40 (60.6) 17 (25.8) 58 (87.9).. 47 (71.2)
‘Women 129 (13.8)F 232 (24.8)* 224 (24.0)* 273(29.2)* 128 (I3.7)* . 451 (48.3)* 263 (28.2)*
<50 3(2.3) 9(7.0) T4 15(11.6) 6 4.7) 29 (22.5) 9 (7.0)
50-59 16 (74) 32 (14.7) 39 (18. 0) 47 (21.7) 26 (12.0) 88 (40.6) 35(16.1)
6069 59 (14.3) 121 (29.2) 111 (26.8) 129 (31.2) 61(14.8) - 215(51.9) 136 (32.9)
=70 51(29.3)  70(40.2) 67 (38.5) ' 82(47.1) 35(20.1) 119(68.4) ~ 83 (47.7)

Multilevel LS was defined as KL grade =2 at two or more interspaces.
*p < 0.05 vs. men by chi-square test in the overall population.
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Table 3. Number (percentage) of participants with KI.= 3 LS at each vertebral interspace as well as the most severe
space, and multilevel KL= 3 LS according to gender and age strata at baseline.

Age at

baseline L172 L2/3 L3/4 L4/5 L5/S Severest Multilevel

Overall 30(23) 75(5.8) 105 (8.1) 236 (18.2) 110 (8.5) 320 (24.7) 141 (10.9)

Men 6(1.7) 12 (3.3) 19(5.2) 41(11.3) 14 (3.9) 58 (16.0) 22 (6.1)
<50 0(0.0) 0 (0.0) 2 (3.6) 3(5.4) 1(1.8) 4(7.1) 1(1.8)
50-59 1(1.2) 1(1.2) 1(1.2) 4(4.8) 1(1.2) 6(7.2) 2(2.4)
60-69 1(6.3) 6 (3.8) 8 (5.1) 18 (11.4) 6(3.8) 27 (17.1) 10 (6.3)
=70 4(6.1) 5(7.6) 8(12.1) 16 (24.2) 6(9.1) 21(31.8) 9(13.6)

Women 24 (2.6) 63 (6.7)* 86 (9.2)* 195 (20.9)* 96 (10.3)* 262 (28.1)* 119 (12.8)*
<50 0(0.0) 2 (1.6) 2 (1.6) 10 (7.8) 539 16 (12.4) 3(2.3)
50-59 1(0.5) 7(3.2) 12 (5.5) 30(13.8) 19 (8.8) 47 (21.7) 14 (6.5)
60-69 10(24) 23(5.6) 38 (9.2) 88 (21.3) 43 (10.4) 116 (28.0) 55(13.3)
=70 13(7.5) 30(17.3) 34 (19.7) 66 (38.2) 29 (16.8) 82 (47.4) 46 (26.6)

Multilevel LS was defined as KL grade = 3 at two or more interspaces.
*p < 0.05 (chi-square test) vs. men in the overall population.

multilevel spondylosis was significantly associated with age in
men and women. The prevalence was low at L.1/2 and the highest
at L4/5 among all interspaces in men and women.

Table 4 shows the incidence of KL =2 and =3 LS in the
overall population and subgroups classified by gender and age
strata. The incidence of KL =2 LS was significantly higher in
men than in women. Logistic regression analysis showed that the
incidence of KL =2 LS was significantly associated with age in
men and women. The incidence of KL.=3 LS was significantly
higher in women. When the incidence was compared among
generations, the incidence of KL = 3 radiographic LS tended to
increase with age after the 50s in men and women, whereas that
of KL =2 radiographic LS was not much different between the
40s and 50s. ‘ ;

We also examined progressive and multilevel LS (Table 4).
Among subjects with KL =2 LS at baseline, 31% subjects had
KL =3 LS and 9% subjects had KL =4 LS at follow-up. Among
subjects with KLL.=3 LS at baseline, 31% subjects had KL =4
LS at follow-up. The progression of LS was not associated with
gender or age strata. The incidence of multilevel LS was higher in
men than in women, and tended to increase with age in men and
women.

We next analyzed the independent association of age, gender
and BMI with the prevalence of LS by multiple logistic regres-
sion analysis (Table 5). Age and BMI were associated with an
increased prevalence of KLL.=2 LS as well as KLL=3 at the most
severe space and multilevel LS. Female gender was associated
with decreased prevalence for KL.=2 LS at the most severe space
and that of multilevel LS; it was also associated with-increased
prevalence for KL =3 LS.

We also analyzed the independent association of age, gender
and BMI with the incidence of LS by multiple logistic regres-
sion analysis (Table 6). Age and BMI were associated with
increased risk for the incidence of KL = 2, KI. = 3 and multilevel
LS, but not for progressive LS. Female gender was associated
with decreased incidence for KL = 2 and multilevel LS, whereas
there was no significant association of gender with KL.=3 and
progressive LS.

No significant relationship was found between atomic-bomb
radiation and prevalence and incidence of KI.=2, KLL=3 and
multilevel LS.

Discussion

The present study revealed the prevalence of radiographic KL =2
and KL =3 LS in men and women. Although prevalence of KL =2
LS was more frequent in men than in women, KL =3 LS was more
prevalent in women. Given an 8-year follow-up, we also revealed
the incidence of KI.=2 and KL.=3 LS as well as progressive LS
and multilevel LS in men and women.

Most previous epidemiologic studies on LS focused on
middle-aged or younger populations, reporting the prevalence to
be 40-85% [9,11-13,15,16]. This variability may be due to the dif-
ferences in age, communities, sample sizes and ethnic variations.
In terms of ethnic variations, we reported a different prevalence of
LS in Japan and the United Kingdom in a small-scale compara-
tive study [14], whereas our previous study of an elderly Japanese
population showed a prevalence of 84.1% and 70.7% in men and
women, respectively [23], which is similar to the prevalence seen
in this study among subjects in their 70s.

Table 4. Incidence of KL=2 and =3 LS aécording to gender and age strata.

KL=2 KL=3 Progressive LS Multilevel LS
Age at No.at  Cumulative No.at Cumulative No.at - Cumulative No.at Cumulative
baseline risk incidence risk incidence risk incidence risk incidence
Overall 567 285 (50.3) 920 265 (28.8) 696 230 (33.0) 866 312 (36.0)
Men 110 72 (65.5) 286 78 (27.3) 246 77 (31.3) 196 88 (44.9)
<50 33 18 (54.6) 49 8(16.3) 22 8(36.4) 45 14 31.1)
50-59 33 20 (60.6) 74 15 (20.3) 48 11 (22.9) 54 24 (44.4)
60-69 37 28 (75.7) 125 43 (344" 118 40 (33.9) 78 42 (53.8)
=70 7 6 (85.7) 45 12 (26.7) 58 18 (31.0) 19 8 (42.1)
Women 457 213 (46.6)* 634 187 (29.5) 450 153 (34.0) 670 224 (33.4)
<50 94 35(37.2) 105 19 (18.1) 29 6 (20.7) 120 22 (18.3)
50-59 122 43 (35.3) 162 35 (21.6) 88 32 (36.4) 182 51 (28.0)
60-69 193 106 (54.9)F 288 93 (32.3) 215 79 (36.7) 277 110 (39.7)F
=70 48 29 (60.4) 91 40 (44.0) 118 36 (30.5) 91 41 45.1)1

*p <0.05 (chi-square test) vs. men in the overall population.
Tp<0.05 vs. the corresponding gender at < 50 years by logistic regression analysis.
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Table 5. Association of age, BMI and gender with prevaleme of radiographic lumbar spondvlom at baseline

examination.

Radiographic LS Multilevel radiographic LS

KL=2 KL=3 KL=2 KL=3

OR 95% CI OR 95% C1 OR 95% C OR 95% CI
Age, years 1.08 1.07-1.10  1.08  1.06-1.09  1.08 1.07-1.10 1.1 1.07-1.12
BMI, kg/m? 1.08 1.05-1.12  1.087 " 1.04-1.12° 108 * 1.05-1.12 "1.05 ~ 1.00=1.11
Women (vs. men) - 0:36 027-047 1.9 1.44-2.78 © 0.36 0.28-048 227 142-3.79

BMI, body-mass index; LS, lumbar spondylosis; OR, odds ratio; CI, confidence interval.
Radiographic spondylosis was determined at the severest level among L1/2-L5/S1.
The odds ratios were calculated by logistic regression analysis. .

Interestingly, KL.=2 LS was more prevalent in men than in
women, whereas KL.=3 LS was more prevalent in women. We
and others have reported that osteophytosis of the lumbar spine
was more common in men than in women [12,14,23], while disc-
space narrowing was more prevalent in: women [14]. Based on
the definition of KL. grading [20], the discrepancy may be due to
distinct etiologic mechanisms between osteophyte formation and
disc-space narrowing. A cross-sectional study that investigated
the extent, prevalence and distribution of spinal LS in'women also
showed that osteophytosis and disc-space narrowing were signifi-
cantly correlated, but each predicted only 19% of the variation in
the other [16]. Further clinical and basic research will disclose the

“distinct backgrounds of these two representative OA features:

We also investigated the age-specific prevalence of LS. Although
KL =2 LS tended to increase with age in men and women; sig-
nificant differences were not detected in the prevalence of KL =3
between the 40s and the 50s in men. In fact, the incident of KL =3
was quite low in the 40s, indicating that the incidence of dlSC space
narrowing was low during middle age. :

Most previous studies regarding LS have been cross-sectional,
so incidence has not been clarified. The present study was a longi-
tudinal study that assessed incidence and natural history of LS: In
this study, KL =2 LS occurred at rates of 65.5% and 46.6% after
8-year follow-up, respectively. The only longitudinal study using

KL grade reported that 45% of women deteriorated after 8.7 years

follow-up [7], but deterioration was defined as an increase in KL
grade at any level, which was a different definition from our study,
so strict comparisons are limited. Considering the definition of KL
grade; the incidence of KL =2 LS may: represent osteophytosis.
‘We also found that the incidence of LS was higher in men than in
women at all ages and increased with age after the 50s, but-was not
much different between the 40s and 50s in men and women. In this
study, among subjects with incident KL =2 LS, the percentage
of those with KL= 3 LS was extremely- high in the 70s compared
with other generations. This finding may indicate that at middle

age, LS progresses slowly in subjects without LS at baseline, but it,

progresses faster in the elderly.
This study also clatified that the 1n01dence of KL>3 LS was

similar between men and women. Considering the definition of KL

grade, the incidence of KL =3 LS may represent the’occurrenc’e
of disc space narrowing. A longitudinal study regarding disc space

narrowing of the Jumbar spine has been performed [15], but it
focused only the progression of disease and not on its incidence.
Unlike KL =2 LS, the incidence of KL = 3 was similar in the 40s,
50s and 60s, and was higher in women than in men at age 70 years or
older. When compared among generations, the incidence was simi-
lar in the 40s and 50s and increased in the 60s in men and women.
In the 70s, the incidence further increased in. women, butin men,
was similar to the incidence in the 60s. Elderly men generally retire
from their occupations around 60-70 years of age, whereas women
continue to do household chores even after the age of 70, which may
partly explain the increase of incidence after age 70 in women. -

We also analyzed the progression of LS. The rate of progres-
sive LS was similar in men and women (4.5% and 4.6% per year,
respectively), and was not associated with age, despite the fact that

- the incidence of KL= 3 LS tended to increase with age. This find-

-ing may be due:to the fact that the percentage of subjects with
KL =3 LS was extremely high in the 70s compared with other
generations among those with incident KL =2 LS, as mentioned
‘above, which could indicate that in subjects without LS, the inci-
dence of disc space narrowing was associated -with age, but not in
subjects with osteophytosis, especially in-men.

There are several limitations to: the present study. First, the
study subjects may be biased as persons who received radiographs

“in both 1990-1992 and 1998-2000. In addition, this study inves~
tigated participants who lived independently; and:not those who
lived in institutional settings. Therefore, the calculated prevalence

~or incidence may be underestimated. Second, because the KL sys-
tem emphasizes osteophytosis, it is unclear how to handle LS with
disc-space narrowing but no osteophytosis.. We are developing a
computer-aided diagnostic program that enables measurement of
major features of LS, including disc-space narrowing and osteo-
phytosis, on-plain :radiographs. Furthermore, participants: were
atomic bomb survivors and thus not representative of the general
Japanese population, although we adjusted for radiation, and there
are no indications from earlier studies of this cohort that radiation
affected BMD and fracture. . .

In summary, the present longltudmal study revealed the preva-
lence of radiographic KL=2 and=3 LS was 52.9% and 23.6%,
respectively. KL=2'LS was more prevalent in men, whereas

- KL=3 LS was more prevalent in women. During the 8-year
follow-up, the incidence of KI.=2 LS in men and women was

“Table 6. Association of age, BMI and gender with incidence of radiographic lﬁfnbar spondy]ésis.

KL22' KL=3 ProgresSive LS Multilevel LS

OR - 95%CI OR . 95%Cl OR .~ - 95% CI ‘OR 95% CI
Age, years 1.05+  1.03-1.07° 105 = 1.04-1.07 1 ~0.98-1.02 ' 1.06 1.04-1.08
BM], kg/m? 1.07 - +1.02-1.07 ~ 1.06- ~ 1.01-1.11. 1 = .095-1.05 1.02 0.98-1.07
Women (vs. men)  0.37 0.23-0.58: 1.09 -. 0.80-1.51 1.08 - 0.76-1.52 0.5 0.35-0.71

BMI, body-mass index; LS, lumbar spondylosis; OR, odds ratio; CI, confidence interval.
Radiographic spondylosis was determined at the severest level among L1/2-L.5/S1. .-
The odds ratios were calculated by logistic regression analysis.
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65.5% and 46.6%, that of KL = 3 LS was 27.3% and 29.5%, respec-
tively. The incidence of KL.=2 was higher in men than women,
while, that of KL = 3 was similar between men and women, indi-
cating that different mechanisms might influence osteophytosis
and disc space narrowing.
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