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on severe stenosis of all locations or the severest stenosis in each
area, with the latter as an objective variable and age and BMI as
explanatory factors. A further logistic regression analysis was per-
formed stratified for sex to determine the effect of age, BMI, and
each level of severity of central stenosis with clinical symptoms,
using radiographic LSS as an objective variable and age, BMI, and
each severity level as explanatory factors. We constructed a set of
two dumnmy variables defining the three different central stenosis
groups (none/mild, moderate, and severe).

Results

Table I summarizes characteristics of the 938 participants
(308 men and 630 women; mean age 67.3 years, range 40—93 years),
including age and anthropometric measurements. Two-thirds of
them were women. Mean age was not significantly different between
men and women. BMI was significantly lower inwomen than in men.

For all locations except central L1/2 and L2/3, several MRIs were
found to be inadequate for interpretation; in particular, the sample
for qualitative analysis of foraminal L1/2 was reduced to 907
(Table 1I). Regarding both central and lateral canal stenosis, the
prevalence of severe stenosis was highest at L4/5, followed by L3/4.
One-third of the participants had severe canal stenosis of at least
one level. On the other hand, the distribution of the prevalence of
severe foraminal stenosis was entirely different from that of central
and lateral severe stenosis. The level with the highest prevalence of
severe foraminal stenosis was L5/S1, followed by L4/5. There were
few participants with more than moderate stenosis at the upper
levels of the foramen. Concerning severe stenosis in all locations,
multiple logistic regression analysis after adjustment for age and
BMI revealed that more men had severe stenosis at lateral L2/3,
L3/4, and L4/5 than women (odds ratios [ORs] and 95% confidence
intervals [CIs] for lateral stenosis were 2.05, 1.13—3.73 at L2/3; 1.95,
1.34-2.86 at L3/4; and 1.52, 1.11-2.08 at L4/5). To identify factors
related to the severest stenosis at each location, we performed a
further multiple logistic regression analysis with age, BMI, and sex
as explanatory variables. Age was significantly associated with se-
vere stenosis at all locations for both sexes (ORs and 95% Cls were
1.06, 1.04—1.07 for central stenosis; 1.09, 1.07—1.10 for lateral ste-
nosis; and 1.11, 1.08—1.15 for foraminal stenosis). BMI was also

Table |
Characteristics of participants
Total Men Women

No. of participants 938 308 630
Age group (years)
<49 96 26 70
50—-59 175 59 116
60—-69 222 65 157
70-79 258 87 171
=80 187 71 116
Demographic characteristics
Age, years 673 £124 683+ 125 669+ 123
Height, cm 155.7 £9.3 1644 +£ 6.9 1514 + 7.1
Weight, kg 56.7 £ 114 643 £11.3" 53.0+94
BMI, kg/m? 233436 237+33" 231+£36
Job titles, no.
Clerical workers/technical experts 197 79 118
Agricultural/forestry/fishery workers 105 62 43
Factory/construction workers 48 23 25
Others 588 144 444
Co-morbidities, no.
Diabetes 48 23" 25
Hyperuricaemia 71 54™ 17
Hyperlipidemia 41 30™ 11

A non-paired t-test was used to determine differences in demographic character-
istics and measurements of physical performance between men and women. Values
are the means + standard deviation. "P < 0.05, P < 0.01,
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significantly associated with severe central stenosis in the overall
cohort and in men, but not in women (overall: 1.06, 1.02—1.10: men:
1.08, 1.00~1.17; women: 1.05, 0.99—1.10). There was no significant
difference in the prevalence of central stenosis of more than
moderate severity between agricultural/forestry/fishery workers or
not (P = 0.60). There was also no significant difference in radio-
graphic LSS between persons with diabetes, hyperuricemia, and
hyperlipidemia or not, each (Diabetes: P = 0.21, hyperuricemia:
P = 0.65, hyperlipidemia: P = 0.71).

Fig.1 shows the prevalence of moderate and severe radiographic
LSS for the severest stenosis identified in each area and classified by
age and sex. Both central and lateral stenosis of more than mod-
erate severity were quite common among the elderly, but foraminal
stenosis of more than moderate severity was less common. The
prevalence of severe stenosis at each location was significantly
higher with increasing age stratum in both sexes (central, men:
P = 0.008; central, women: P < 0.0001; lateral, both: P < 0.0001;
foraminal, both: P < 0.0001 [all by chi-square test]).

There were 105 individuals with clinical symptoms (men: 35,
women: 70). There was no significant difference between sexes in
the prevalence of clinical symptoms (P = 0.91). Fifty-four of the 105
participants identified as having clinical symptoms had IC. Five of
these 54 participants presented with an ABI <0.9. However, these
five participants also had symptomatic LSS, and their leg symptoms
were dependent on position. These five cases were unspecified IC,
caused by both neurogenic and vascular claudication. We used cases
of central stenosis to clarify the association between radiographic
LSS and clinical symptoms. The prevalence of clinical symptoms
significantly increased with increasing severity of central stenosis,
for both sexes, according to chi-square test (men: P = 0.009;
women: P = 0.004). Furthermore, to clarify the relationship be-
tween individuals with clinical symptoms and each grade of
severity, we performed a logistic regression analysis to estimate the
OR and 95% CI after adjustment for age, BMI, sex, and severity of
radiographic LSS, and we constructed a set of two dummy variables
defining the three central stenosis groups (none/mild, moderate,
and severe). Severe central stenosis was confirmed to be related to
symptomatic individuals, but moderate stenosis was not (men, se-
vere vs none/mild: 4.42, 1.44—17.0; men, moderate vs none/mild:
1.53, 0.49-5.86; women, severe vs none/mild: 2.50, 1.44—17.0;
women, moderate vs none/mild: 1.83, 0.82—4.66). Among symp-
tomatic persons (n = 105), there were 16 taking painkillers, seven
taking trigger injections, and 13 in rehabilitation. We added these
treatment statuses to the multivariate model and logistic regression
analysis for the association between radiographic LSS and clinical
symptoms, but the result was unchanged (Table III).

Discussion

In this study, we evaluated the prevalence of radiographic LSS
assessed by MRI and its association with clinical symptoms in the
general population. The intervertebral level with the highest
prevalence of both severe central stenosis and severe lateral ste-
nosis was L4/5; the prevalence of severe foraminal stenosis was
greatest at L5/S. The prevalence of moderate or severe central
stenosis was 64.0% in patients in their 50s and 93.1% in those in
their 80s. There was a significant association between the severity
of central stenosis and the presence of clinical symptoms. Of those
with severe central stenosis, 17.5% had clinical symptoms. In addi-
tion, logistic regression after adjustment for age, BMI, sex, and
severity of radiographic LSS revealed that severe central stenosis
was related to clinical symptoms.

The most frequent intervertebral level of severe stenosis was
consistent with the intervertebral location of severe stenosis that is
most frequently seen in clinical settings. However, to the best of our
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Table I

Prevalence of central, lateral, and foraminal stenosis

L1/2 L2/3 L3/4 L4/5 L5/S1 Severest

Central stenosis
No. of total} 938 938 937 937 936 938
None 112 (11.9) 57 (6.1) 36 (3.8) 31(3.3) 163 (17.4) 13(1.4)
Mild 606 (64.6) 435 (46.4) 305 (32.6) 276 (29.5) 580 (62.0) 194 (20.7)
Moderate 205 (21.9) 389 (41.5) 445 (47.5) 406 (43.3) 161 (17.2) 446 (47.5)
Severe 15 (1.6) 57 (6.1) 151 (16.1) 224 (23.9) 32 (3.4) 285 (30.4)
Lateral stenosis*
No. of total} 933 933 929 931 925 938
None 439 (47.1) 199 (21.3) 80 (8.6) 29 (3.1) 333 (36.0) 11(1.2)
Mild 393 (42.1) 454 (48.7) 347 (37.4) 251 (27.0) 414 (44.8) 205 (21.9)
Moderate 90 (9.6) 231 (24.8) 359 (38.6) 368 (39.5) 126 (13.6) 380 (40.5)
Severe 11(1.2) 49 (5.0) 143 (154) 283 (30.4) 52 (5.6) 342 (36.5)
Foraminal stenosis*
No. of totalf 907 915 930 930 926 937
None 676 (74.5) 535 (58.5) 316 (34.0) 154 (16.6) 265 (28.6) 84 (9.0)
Mild 210(23.2) 335 (36.6) 513 (55.2) 524 (56.3) 421 (45.5) 474 (50.6)
Moderate 18 (2.0) 42 (4.6) 90 (9.7) 220 (23.7) 202 (21.8) 313 (33.4)
Severe 3(0.3) 3(0.3) 11(1.2) 32(34) 38 (4.1) 66 (7.0)

Number (%). Percentage shows the prevalence at the same location.

= The rating of the most severely affected side wa

s used.

T Participants were omitted if interpretation of their MRI was difficult because of poor image quality at each level.

knowledge, there has been no study on the prevalence of radio-
graphic LSS assessed by MRI among the general population. We
found a differential distribution in the prevalence of canal stenosis
(including central and lateral stenosis) and foraminal stenosis,
which may be partly explained by the difference in anatomy be-
tween these two locations. Canal stenosis consists of a bulging disk,
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thickening of the ligamentum flavum, and hypertrophy of the facet
joints, whereas loss of disk height, disk protrusion, and facet joint
osteoarthritis (OA) lead to foraminal stenosis!. The difference in
anatomy between canal stenosis and foraminal stenosis (in terms of
compression of the nerve root) may be related to the differential
distribution of prevalence.

Fig. 1. Prevalence of severe central stenosis, severe lateral stenosis, and compressing foraminal stenosis classified by age and sex for 938 participants from a community cohort in

Japan.
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Table HI
The association of radiographic LSS with clinical symptoms
None/Mild Moderate Severe Total
Men
Radiographic LSS* 66 144 98 308
Clinical symptoms 4(6.1) 12 (8.3) 19(19.4) 35(11.4)
Women
Radiographic LSS* 141 302 187 630
Clinical symptoms 7 (5.0) 32 (10.6) 31(16.6) 70(11.1)
Total
Radiographic LSS* 207 446 285 938
Clinical symptoms 11 (5.3) 44 (9.9) 50(17.5) 105 (11.2)
Number (%).

= Radiographic LSS means central stenosis.

Many participants had radiographic LSS, although most were
asymptomatic: 77.9% had more than moderate central stenosis and
about 30.4% had severe central stenosis. Boden et al.” reported that
21% of 14 asymptomatic volunteers who were over 60 years of age
had spinal stenosis, but their criteria for spinal stenosis (loss of
epidural fat with compression of neural tissue within the canal)
were different from ours. To our best knowledge, there is no report
on the prevalence of radiographic LSS using MRI in a large
population-based cohort. These findings indicate that radiographic
LSS is quite common among the elderly.

We found that severe central stenosis was significantly associ-
ated with clinical symptoms, but only 17.5% of participants with
severe central stenosis were symptomatic. Previous studies of the
relationship between disabilities and radiographic LSS have yielded
varied results’’ 1%, One study with a 12-year follow-up!! period
showed a clear association between Oswestry Disability Index
(ODI) and degree of stenosis. The subjects were assessed by mye-
lography, but only 56.0% (75/134) were followed up and the ODI
was determined by telephone interview. Ogikubo et al.’? reported
an association between the cross-sectional area of the lumbar spine
and walking distance and pain among patients who subsequently
underwent surgery. On the other hand, Amundsen et al.'® found no
relationship between the degree of stenosis measured by myelog-
raphy and computed tomography (CT) and clinical symptoms in
100 symptomatic patients. Lohman et al.™ also found no relation-
ship between cross-sectional areas of the canal measured by CT and
clinical symptoms in 117 patients who were referred from a pri-
mary health service because of chronic lower back pain and clinical
suspicion of spinal stenosis. Jenson et al?% noted that abnormal MRI
findings in individuals with lower back pain may frequently be
coincidental. Thus, although one would expect that associations
between radiographic LSS and symptoms or other disabilities due
to LSS would be related to the degree of stenosis, previous studies
have yielded varied results. In this study, severe central stenosis
was related to clinical symptoms, but less than 20% of those with
severe central stenosis were symptomatic. It thus seems to be
impossible to clarify the cause of clinical symptoms by imaging
alone; an expert clinician’s opinion of both clinical assessment and
imaging studies is essential for interventions such as surgery in
symptomatic individuals.

There were several limitations to the present study. First, our
participants may not represent the general population, as they
were recruited from only two areas. However, anthropometric
measurements were compared between the participants and the
general Japanese population, and no significant differences in BMI
were found (men: 23.71 [3.41] vs 23.95 [2.64], women: 23.06 [3.42]
vs 23.50 [3,69})26. In addition, the proportions of current smokers
and current drinkers (those who regularly smoked or drank more
than one drink per month) in the general Japanese population were
compared with those in the study population. The proportions of
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current smokers and drinkers (men) and current drinkers (women)
were significantly higher in the general Japanese population than in
the study population (smokers, men: 32.6% of the Japanese popu-
lation vs 25.2% of the study participants; smokers, women: 4.9% of
the Japanese population vs 4.1% of the study participants; drinkers,
men: 73.9% of the Japanese population vs 56.8% of the study par-
ticipants; drinkers, women: 28.1% of the Japanese population vs
18.8% of the study participants). This suggests the study partici-
pants (both men and women) likely had healthier lifestyles than
the general Japanese population. Second, this was a cross-sectional
study, so it does not provide conclusive evidence of any causal
relationship between radiographic LSS and clinical symptoms.
Third, this study only represented the Japanese population, and the
prevalence in other countries may be quite different. Fourth, this
study investigated elderly participants who lived independently
rather than those who lived in institutional settings, so the calcu-
lated prevalence may be an underestimate, Fifth, we excluded 10
subjects who had already had surgery for LSS, and this could have
influenced the results. However, LSS surgery is a major intervention
that interferes with radiographic assessment of LSS, because it in-
volves decompression and instrumentation that could produce
artifacts. Finally, concerning facet OA and disc degeneration, which
are important factors for radiographic LSS, we reported the prev-
alence of radiographic lumbar spondylosis assessed by Kellgren/
Lawrence grading elsewhere'>!. We did not assess facet OA in this
MRI study. We have been assessing disc degeneration in this cohort
and will have results to report about this important investigation in
the near future.

Nevertheless, this is the first trial to evaluate the prevalence of
radiographic LSS and its association with clinical symptoms in the
general population using MRIL In addition, the Wakayama Spine
Study is a longitudinal survey, so future results will help to eluci-
date any causal relationships.

In conclusion, the present study evaluated the prevalence of
radiographic LSS and clarified its association with clinical symp-
toms in a population-based cohort. Many participants had radio-
graphic LSS, but few had clinical symptoms. The prevalence of
clinical symptoms increased with increasing severity of radio-
graphic LSS.
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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 C5/6 (men: 51.5%, women: 46%), T6/7 (men: 32.4%, women: 37.7%), and L4/5 (men: 69.1%,
women: 75.8%). Age and obesity were associated with the presence of DD in all regions. Low back pain
was associated with the presence of DD in the lumbar region.

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

mechanisms of DD.

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

Introduction

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

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

E-mail address hiz vakayam: in

(H. Hashizume).

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

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

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

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

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

Methods
Participants

The present study, entitled the Wakayama Spine Study, was
performed with a sub-cohort of the second visit of the ROAD
(Research on Osteoarthritis/osteoporosis Against Disability) study,
which was initiated as a nationwide, prospective study of bone and
joint diseases in population-based cohorts; the cohorts were
established in three communities with different characteristics (i.e.,
urban, mountainous, and coastal regions) in Japan. A detailed
profile of the ROAD study has already been described else-
where'®"”, Here, we briefly summarize the profile of the present
study. The second visit of the ROAD study began in 2008 and was
completed in 2010. All the participants in the baseline study were
invited to participate in the second visit. In addition to the former
participants, inhabitants aged 60 years and older in the urban area
and those aged 40 years and younger in the mountainous and
coastal areas who were willing to participate in the ROAD survey
were also included in the second visit (both the mountainous and
coastal areas were in Wakayama prefecture). Finally, 2674 in-
dividuals (900 men, 1774 women) participated in the second visit of
the ROAD study, and comprised 1067 individuals (353 men, 714
women) in the urban area, 742 individuals (265 men, 477 women)
in the mountainous area, and 865 individuals (282 men, 583
women) in the coastal area. Among these three communities in the
ROAD study, the mountainous and coastal areas from which we
invited all 1607 participants (547 men, 1060 women) to the
Wakayama Spine Study are located in Wakayama prefecture. Of the
1607 participants, a total of 1011 individuals provided written
informed consent and attended the Wakayama Spine Study with
MRI examinations’”“!, Among the 1011 participants, those who
had MRI-sensitive implanted devices (e.g., pacemakers) and other
disqualifiers were excluded. Consequently, 980 individuals under-
went MRI of the whole spine. Furthermore, one participant who
had undergone a previous cervical operation and four participants
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who had undergone a previous posterior lumbar fusion were
excluded from the analysis. Finally, whole spine MRI results were
available for 975 participants (324 men, 651 women) with an age
range of 21—97 years (mean, 67.2 years for men and 66.0 years for
women). Table T 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°%, Experi-
enced orthopedists also asked all participants the following ques-
tion regarding neck pain and low back pain: “Have you experienced
neck pain on most days during the past month, in addition to
now?” and “Have you experienced low back pain on most days
during the past month, in addition to now?” Those who answered
“yes” were defined as having neck pain or low back pain based on
previous studies®” %%,

MRI

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

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

Table [
Characteristics of participants
Overall Men Women

No. of participants 975 324 651
Age strata (years)
<50 125 38 87
5059 175 59 116
60-69 223 65 158
70-79 261 89 172
=80 191 73 118
Demographic characteristics
Age, years 66.4 + 13.5 67.2 + 13.9 66.0 + 13.4
Height, cm 1564 +£ 9.4 164.6 £ 7.2 1515+ 72
Weight, kg 56.8 £ 11.5 64.5 +11.6 53.0 £ 9.4
BMI (kg/m?) 233+36 23.6+34 23.1 +£37
BMI (WHO-Asian category) (N)
Underweight 61 16 45
Normal 425 124 300
Overweight 361 139 221
Obesity 128 44 84
Baseline characteristics
Symptoms (%)
Neck pain 249 194 27.7
Low back pain 43 36.7 42.1
Life style (%)
Smoking 10.7 25.2 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 contentin a
disc?®. Therefore, we used a grading based on signal intensity and
disc height. For evaluating intraobserver variability, 100 randomly
selected magnetic resonance images of the entire spine were
rescored by the same observer (MT) more than 1 month after the
first reading. Furthermore, to evaluate interobserver variability, 100
other magnetic resonance images were scored by two orthopedists
(MT and RK) using the same classification. The intraobserver and
interobserver variability for DD, as evaluated by kappa analysis, was
0.94 and 0.94, respectively.

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

Statistical analysis

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

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

Grade |

Grade 2

Grade 3

Grade 4

Disc
Degeneration

Grade 5

Fig. 1. Mid-sagittal view on T2-weighted images of the whole spine MRI with Pfirrmann classification. The grade is described according to Pfirrmann classification. Grades 4 and 5
were considered degenerated. The signal intensity for grade 4 was intermediate to hypointense to the cerebrospinal fluid (dark gray), while the structure is inhomogeneous.
Meanwhile, for grade 5, the signal intensity is hypointense to the cerebrospinal fluid (black), and the structure is also inhomogeneous. Additionally, the disc space is collapsed.
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shows the prevalence of intervertebral spaces with DD over the
entire spine for the participants in this study. The three highest
prevalence levels of DD in the intervertebral spaces in the cervical,
thoracic, and lumbar regions were as follows. The prevalence at C5/
6 was 51.5% (95% Cl: 46.1-56.3) in men and 46% (95% Cl: 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% Cl: 27.5-37.6) in men and
37.7% (95% CI: 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 1V).

The participants with DD in the cervical region did not signifi-
cantly differ in terms of the presence of neck pain (OR 0.88, 95% CI:
0.63—1.22, P = 0.53). The presence of DD in the thoracic region was
not significantly associated with neck pain (OR 0.84, 95% CI: 0.60—
1.19, P = 0.33) and low back pain (OR 1.08, 95% CI: 0.80—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%”. 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 It
Prevalence of DD by age strata in men and women
Entire spine Cervical Thoracic Lumbar
Men Women Men Women Men Women Men Women
Age strata (years)
<50 71.0 770 263 279 157 114 552 712
50-59 915 931 474 491 49.1 353 864 913
60-69 984 955 66.1 544 615 63.2 969 943
70-79 958 994 809 72.0 73.0 796 96.6 96.5
=80 93.2 974 86.3 855 794 889 82.1 845

Values are percentage.
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drawbacks, including relatively small sample sizes'*", narrow age

ranges”*', and asymptomatic subjects’’. However, no previous
study has assessed the prevalence of DD over the entire spine using
whole spine MRI. We noted that the prevalence of DD over the
entire spine exceeded 70% in participants less than 50 years of age
and was greater than 90% in participants older than 50 years of age.

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

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

Our current results confirmed that age was a significant factor
associated with the presence of DD in all three regions. Previous
studies reported that the association of DD to factors such as height,
weight, and gender was uncertain; however, age, obesity, smokmg,
and occupation have been suggested to be DD-associated factors®"

*. The previous studies focused almost entirely on the lumbar re-
gion, and the identification of associated factors may be challenging
for this region because it is affected to a greater extent by various
factors, including mechanical stress. Moreover, it remains unknown
what other factors (beyond age) are associated with DD in the
cervical and thoracic regions™"”. In the present study, overweight
and obesity significantly influenced DD in the cervical and thoracic
regions (cervical; OR: overweight 1.38 [95% CI 1.00—1.90], obesity
1.60 [95% CI 1.04—2.51], thoracic; OR: overweight 1.64 [95% CI 1.17—
2.29], obesity 3.12 [95% CI 1.91-5.19]), and obesity also significantly
influenced DD in the lumbar region (OR: 2.56 [95% CI 1.20—6.14]). In
a previous study, Samartzis et al. reported that DD in the lumbar
region was significantly associated with overweight and obesity™".
However, DD in the cervical and thoracic region did not demon-
strate a significant assoc1at10n with BM], as reported by Okada
et al.® and Matsumoto et al.’". Of note, the previous studies were
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Table 1

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

Age strata C2/3 C3/4 C4/5 C5/6 C6/7 C7(Tt T1/2 T2/3 T3/4 T4/5 T5/6 T6/7 T7/8 T8/9 T9/10 T10/11 T11/12 TI12/L1 L1/2 L2/3 L3/4 L4/5 L5/S1
(years) ’

Men

Total 283 302 386 51.5 435 268 203 234 222 240 284 324 318 287 314 250 240 17.5 300 51.5 593 69.1 66.7
<50 105 105 13.1 157 13.1 52 52 78 78 52 105 78 52 26 26 26 0.0 0.0 26 105 78 342 473
50—-59 6.7 11.8 152 372 27.1 10.1 84 67 118 11.8 169 237 271 169 203 169 135 5.1 152 355 61.0 745 508
60—-69 353 369 492 50.7 400 21.0 200 246 230 276 276 353 323 369 415 230 246 184 400 60.0 69.0 769 753
70-79 359 359 494 640 516 348 247 269 258 303 33.7 382 415 359 404 370 314 269 393 69.6 73.0 79.7 79.7
=80 39.7 424 479 67.1 65.7 465 328 39.7 328 328 410 424 369 356 356 30.1 35.6 24.6 39.7 56.1 589 63.0 65.7
Women

Total 219 248 358 46.0 333 136 152 23.1 298 31.7 359 37.7 362 342 327 287 238 20.0 317 45.7 619 758 709
<50 22 34 103 206 103 1.1 00 11 45 00 11 45 34 57 45 4.5 1.1 0.0 45 126 183 494 563
50-59 112 94 232 362 232 34 6.8 120 155 155 163 181 198 129 13.7 103 6.9 6.9 15.6 356 55.6 73.9 704
60—-69 139 20.8 31.0 436 29.1 113 132 183 29.7 322 379 398 316 322 303 196 15.8 145 253 550 664 854 759
70-79 337 348 465 534 424 1622 220 343 412 447 500 500 470 459 447 424 343 26.1 447 645 80.2 86.0 819
=80 406 466 57.6 669 525 322 27.1 406 457 516 576 61.0 669 61.8 576 56.7 52.9 46.1 57.2 623 675 69.2 589

Values are percentage.

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

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

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

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

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

I/?lll)lltei;l‘é logistic regression of the association with presence of DD with age, BMI, and gender
Cervical Thoracic Lumbar
OR (95% CI) OR (95% CI) OR (95% CI)
Age group (years)
<50 1 1 1

50-59 (vs <50)

60—69 (vs <50)

70-79 (vs <50)

=80 (vs <50)

Men (vs women)

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

Overweight (vs normal) 1.38 (1.00-1.90)*
Obesity (vs normal) 1.60 (1.04-2.51)"

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

4.60 (2.53-8.76)***
12.0 (6.77-22.7)"*
249 (13.8—47.6)**
47.0 (24.5-95.6)*"
0.88 (0.64—1.21)

447 (2.44-8.48)*
9.95 (5.02—21.3)**
15.0 (7.26—34.5)"**
2.94 (1.71-5.13)"
0.70 (0.45—1.09)

1.36 (0.71-2.67) 0.81(0.38-1.84)
1 1

164 (1.17-2.29)* 1.14(0.71-1.85)
3.12 (1.91-5.19)"* 2.56 (1.20-6.14)*

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

(>27.5). OR = odds ratio, CI = confidential interval.
*P < 0.05, **P < 0.001, ***P < 0.0001.
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study. The prevalence of intervertebral spaces with DD was the
highest at C5/6, T6/7, and L4/5 in the cervical, thoracic, and lumbar
regions, respectively. DD in the cervical, thoracic, and lumbar re-
gions was significantly associated with age and obesity. A signifi-
cant positive association was observed between the presence of DD
in the lumbar region and low back pain.
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Abstract

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

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

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

Conclusions This cross-sectional study suggests that exercise
habit in middle age is a protective factor against sarcopenia in
older age and effective in maintaining muscle strength and
physical performance in older age.

Keywords Elderly - Epidemiology - Exercise - Physical
performance - Sarcopenia

Introduction

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

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

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

Methods
Participants

From 2005-2007, we began a large-scale population-based
cohort study entitled Research on Osteoarthritis/osteoporosis
Against Disability consisting of 3,040 participants in three
regions (baseline study) [16, 17]. The ROAD study is a
prospective cohort study with the aim of elucidating the
environmental and genetic backgrounds of musculoskeletal
diseases. It is designed to examine the extent to which risk
factors for these diseases are related to clinical features of the
diseases, laboratory and radiographic findings, bone mass,
bone geometry, lifestyle, nutritional factors, anthropometric
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and neuromuscular measures, and fall propensity. It also aims
to determine how these diseases affect activities of daily living
and quality of life of Japanese men and women. The subjects
were residents of any one of three communities: an urban
region in Itabashi, Tokyo; a mountainous region in
Hidakagawa, Wakayama; and a coastal region in Taiji,
Wakayama. The inclusion criteria were as follows: ability to
(1) walk to the clinic where the survey was performed, (2)
provide self-reported data, and (3) understand and sign an
informed consent form. Participants from the urban region were
aged >60 years and were recruited from those enrolled in a
randomly selected cohort study from the previously established
Itabashi Ward residential registration database [18]. Invitation
letters were distributed only to inhabitants whose names were
listed on this database. Participants from Hidakagawa and Taiji
were aged >40 years and were recruited from residential
registration listings. Residents aged <60 years from Itabashi
and <40 years from Hidakagawa and Taiji who were interested
in participating in the study were also invited. A total of 99.8,
84.3, and 54.7 % of the participants were aged >60 years in
Itabashi, Hidakagawa, and Taiji, respectively. The response
rates in the groups aged >60 years were 75.6 % in Itabashi,
68.4 % in Hidakagawa, and 29.3 % in Taiji. Two-thirds of the 3,
040 participants in the baseline survey were women, and their
mean age was | year less than that of the male participants. No
significant difference was observed in body mass index (BMI)
between the sexes.

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

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

Anthropometric and physical performance measurements

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

Skeletal muscle mass was measured by bioimpedance
analysis [21-25] using the Body Composition Analyzer MC-
190 (Tanita Corp., Tokyo, Japan). The protocol was described
by Tanimoto and colleagues [ 10, 12], and the method has been
validated [26]. Appendicular skeletal muscle mass (ASM) was
derived as the sum of the muscle mass of the arms and the legs.
Absolute ASM was converted to an appendicular muscle mass
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index (SMI) by dividing by height in meters squared (kg/m?).
Subjects were defined as having low skeletal muscle mass if
the SMI was <2 SDs of the young adult mean. We used an
SMI of <7.0 kg/m” in men and <5.8 kg/m* in women as cut-
off points for low skeletal muscle mass based on the reference
data of SMI measured by the MC-190 in 1,719 healthy young
Japanese volunteers aged 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 BMIL 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)* 524 (8.4) 42.6 (6.3)*
Excent where indicated BMI, kg/m” 1233 (3.0 21.0 (2.0)* 23.6 (3.3) 20.0 (2.3)*
xcept where indicate
otherwise, values are mean (SD) ASM, kg . 19.8 (3.0) 16.0 (1.7)* 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 an strength, kg 36.9 (68) 28.0 (40)* 239 (46) 16.8 (34)*
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 . : * "
Older People, IOR interquartile Chair stand tn‘ne, s' 9.6 (3.7) 11.9 (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 midlan (IQR), s
Smoking, % 15. . . .
*P<.001 vs. no sarcopenia in the moking, % o 56 16.7 23 62
same sex group by unpaired Alcohol consumption, % 58.8 45.8 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, 80-84, and >85 years was 1.6 % (1/63), 5.7 %
(5/88), 17.8 % (19/107), 23.2 % (16/69), and 31.8 % (7/22) in
men and 0.6 % (1/163), 5.5 % (10/182), 13.8 % (22/160), 22.9 %
(25/109), and 62.2 % (23/37) in women. Prevalence of sarcopenia
tended to be significantly higher 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 (£ <.001 for trend) in both
men and women. However, the increasing tendency of
prevalence of low SMI (P <.001 for trend) was milder compared
with that of sarcopenia, low grip strength, and low gait speed.

Then, we determined the factors associated with sarcopenia
by logistic regression analysis; the upper part of Table 2 shows
the results using sarcopenia as the dependent variable. In the
overall population, age (OR, 1.20; 95 % CI, 1.15-1.24) and
BMI (OR, 0.68; 95 % CI, 0.63-0.75) were significantly
associated with sarcopenia, whereas sex was not. In physical
performance, chair stand time (OR, 1.09; 95 % CI, 1.04-1.14)
and one-leg standing time (OR, 0.94; 95 % CI, 0.96-0.99) were
significantly associated with sarcopenia in the overall
population after adjusting for age, sex, and BMI. Current
walking habit (OR, 0.69; 95 % CI, 0.42-1.12) was not
significantly associated with sarcopenia. However, exercise
habit in middle age (OR, 0.53; 95 % CI, 0.31-0.90) was
associated with sarcopenia in the overall population after
adjusting for age, sex, and BMI, indicating that exercise habit

_@ Springer

in middle age was significantly associated with low prevalence
of sarcopenia in older age. The significance of the association
did not change when current walking habit was added as an
explanatory variable in this logistic regression model (OR, 0.53;
95 % CI, 0.32-0.90). In addition, we investigated the
association of each category—occasionally, <2 h per week,
and >2 h per week—with sarcopenia using “never” as a
reference, in addition to the association of the presence of
exercise habits in middle age with sarcopenia. The associated
ORs for the three categories were comparable, but they did not
reach significance level (occasionally: OR, 0.63; 95 % CI, 0.34—
1.17; <2 h per week: OR, 0.30; 95 % CI, 0.09-1.01; >2 h per '
week: OR, 0.49; 95 % CI, 0.22-1.09).

The lower part of Table 2 shows the results of linear
regression analysis using SMI, grip strength, gait speed, chair
stand time, or one-leg standing time as the dependent variable
and exercise habit in middle age as the independent variable.
Exercise habit in middle age was significantly associated with
grip strength in older age (P <.001), gait speed in older age
(P<.001), and one-leg standing time in older age (P=.005)
after adjusting for age, sex, and BMI in the overall population.
We conducted the same analyses in men and women separately
(Tables 3 and 4) and found results similar to those in the overall
population. Some sex differences were observed in the present
results. Exercise habit in middle age was significantly
associated with grip strength and gait speed in older age in both
men and women, whereas it was significantly associated with
chair stand time and one-leg standing time only in men;
however, the sample size of men was smaller than that of
women. In the overall population, exercise habit in middle
age was not associated with chair stand time.
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Discussion

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

Age

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

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

Table 2 Factors associated with

sarcopenia and exercise habits in
middle age in the overall
population

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

?Qdds ratio and 95 % CI

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

© Regression coefficient and

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

° Regression coefficient and

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

Factors associated with sarcopenia Odds ratio 95 % Cl1 P value
Age (+1 year) 1.20 1.15-1.24 <.001
Sex (women vs. men) 0.98 0.63-1.53 9
BMI (+1 kg/m?) 0.68 0.63-0.75 <.001
Chair stand time (+1 s) 1.09* 1.04-1.14 .001
One-leg standing time (+1 s) 0.97* 0.96-0.99 <.001
Smoking (yes vs. no) 1.86* 0.86-4.02 1
Alcohol consumption (yes vs. no) 1.00* 0.60-1.67 9
Current walking habits (yes vs. no) 0.69" 0.42-1.12 1
Exercise habits in middle age (yes vs. no) 0.53" 0.31-0.90 .01
Factors associated with exercise habits in middle age Regression coefficient 95 % CI P value
SMI 0.09° -0.02-0.19 .1
Grip strength 1.73° 1.02-2.44 <.001
Gait speed 0.07° 0.04-0.10 <.001
Chair stand time -0.47° -1.02-0.09 .09
One-leg standing time 4.14° 1.26-7.02 .005
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Table 3 Factors associated with sarcopenia and exercise habits in middle age in men

Factors associated with sarcopenia

Chair stand time (+1 s)

One-leg standing time (+1 s)

Smoking (yes vs. no)

Alcohol consumption (yes vs. no)

Current walking habits (yes vs. no)

Exercise habits in middle age (yes vs. no)

Factors associated with exercise habits in middle age

SMI

Grip strength

Gait speed

Chair stand time
One-leg standing time

Odds ratio 95 % CI P value
1.09* 1.01-1.18 .03
0.97° 0.95-0.99 .001
1.49* 0.59-3.75 4

0.78" 0.40-1.53 4

0.60° 0.28-1.27 .1

0.48" 0.22-1.03 .06
Regression coefficient 95 % CI P value
0.16° ~0.06 to 0.38 1

3.17° 1.70 to 4.65 <.001
0.10° 0.04 to 0.15 .001
-1.12¢ —1.95 to —-0.28 .009
7.81° 2.57 to 13.05 .004

CI confidence interval, SMI skeletal muscle mass index

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

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

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

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

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

Patel and colleagues reported the prevalence of sarcopenia
in Caucasians using the EWGSOP definition, in which low
muscle mass is defined as the lowest tertile of lean or fat-free

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

Factors associated with sarcopenia Odds ratio 95 % C1 P value

Chair stand time (+1 s)

One-leg standing time (+1 s)

Smoking (yes vs. no)

Alcohol consumption (yes vs. no)

Current walking habits (yes vs. no)

Exercise habits in middle age (yes vs. no)

Factors associated with exercise habits in middle age

SMI

Grip strength
Gait speed
Chair stand time

One-leg standing time

1.08° 1.02-1.15 .01
0.98" 0.96-1.00 .01
2.44° 0.61-9.72 2
1.26* 0.58-2.71 5
0.75% 0.39-1.44 3
0.55* 027-1.13 1
Regression coefficient 95 % CI P value
0.06° ~0.05t0 0.17 2
1.03° 029 to 1.78 .007
0.06° 0.01 to 0.10 .01
-0.12¢ —0.83 t0 0.60 7
2.19° -1.241t05.62

CI confidence interval, SMI skeletal muscle mass index

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

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

¢ Regression coefficient and 95 % CI were calculated by linear regression analysis after adjusting for age and BMI
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mass [11]. They recommended use of the lowest tertile of
muscle mass as a cut-off value if the reference value of muscle
mass in a young healthy population is unavailable. In the
population of the present study, the lowest tertile of SMI
was 6.92 kg/m? in men and 5.80 kg/m* in women, which is
similarto 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
wormern.

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

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

Introduction The purpose of this study was to clarify the
prevalence and progression of radiographic OPLL and the
associated factors, using the population-based cohort Research
on Osteoarthritis/osteoporosis Against Disability (ROAD).
Methods In the ROAD study, 1,690 participants underwent
X-ray examination of the entire spine and both knees. Radio-
graphic OPLL, lumbar spondylosis, knee osteoarthritis and

* DISH were diagnosed by a single, well-experienced orthopae-
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dic surgeon. An interviewer-administered questionnaire and
tests for anthropometric measurements were administered,
and the BMDs of the lumbar spine and proximal femur were
determined. A new OPLL case was considered if heterotopic
ossification in the posterior longitudinal ligament was absent
at baseline but present during follow-up. Progression was
defined as an increase in the maximum length or width of
the ossification at follow-up over that at baseline.

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

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

Keywords Bone mineral density - Diffuse idiopathic skeletal

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