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Abstract
Summary In a 4-year follow-up study that enrolled 1099
subjects aged ≥60 years, sarcopenia prevalence was esti-
mated at 8.2%. Moreover, the presence of osteoporosis
was significantly associated with short-term sarcopenia
occurrence, but the reciprocal relationship was not ob-
served, suggesting that osteoporosis would increase the
risk of osteoporotic fracture and sarcopenia occurrence.
Introduction The present 4-year follow-up study was per-
formed to clarify the prevalence, incidence, and relation-
ships between sarcopenia (SP) and osteoporosis (OP) in
older Japanese men and women.
Methods We enrolled 1099 participants (aged, ≥60 years; 377
men) from the second survey of the Research on
Osteoarthritis/Osteoporosis against Disability (ROAD) study
(2008–2010) and followed them up for 4 years. Handgrip
strength, gait speed, skeletal muscle mass, and bone mineral

density were assessed. SP was defined according to the Asian
Working Group for Sarcopenia. OP was defined based on the
World Health Organization criteria.
Results SP prevalence was 8.2% (men, 8.5%; women, 8.0%)
in the second survey. In those with SP, 57.8% (21.9%; 77.6%)
had OP at the lumbar spine L2–4 and/or femoral neck. SP
cumulative incidence was 2.0%/year (2.2%/year; 1.9%/year).
Multivariate regression analysis revealed that OP was signif-
icantly associated with SP occurrence within 4 years (odds
ratio, 2.99; 95% confidence interval, 1.46–6.12; p < 0.01),
but the reciprocal relationship was not significantly observed
(2.11; 0.59–7.59; p = 0.25).
Conclusions OP might raise the short-term risk of SP inci-
dence. Therefore, OP would not only increase the risk for
osteoporotic fracture but may also increase the risk for SP
occurrence.

Keywords Incidence . Osteoporosis . Osteosarcopenia .

Population-based cohort study . Sarcopenia

Introduction

As the average age of the human population increases, there is
an urgent need to develop strategies to prevent musculoskeletal
disorders, which can impair activities of daily life (ADL) and
quality of life (QOL) in the elderly. Sarcopenia (SP) and oste-
oporosis (OP) are major musculoskeletal diseases that impair
ADL and QOL, leading to increased morbidity and mortality
rates in the elderly. The recent National Livelihood Survey
performed by the Ministry of Health, Labour, and Welfare in
Japan [1] found that falls and osteoporotic fractures are ranked
fourth, and frailty, to which muscle weakness and low physical
performance contribute largely, was ranked third among the
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causes of disabilities requiring support and long-term care.
Therefore, developing approaches to prevent SP and OP could
reduce ADL and QOL impairments and subsequent disabilities
among the elderly.

In the elderly, SP is characterized by generalized loss of
skeletal muscle mass and muscle strength and/or function,
causing multiple adverse health outcomes, including physical
disability, poor QOL, and death [2–7]. Although cross-
sectional studies have investigated SP prevalence [8–14], the
epidemiologic evidence of population-based samples
remained insufficient. This might be because a widely accept-
ed definition of SP was not established until the European
Working Group on Sarcopenia in Older People (EWGSOP)
developed a practical clinical definition and diagnostic criteria
in 2010 [5]. There is a growing consensus that SP should not
be defined based on muscle mass alone but also on muscle
strength and function [5]. After publication of the EWGSOP
consensus criteria, the Asian Working Group for Sarcopenia
(AWGS) announced the appropriate diagnostic cutoff values
for Asian populations [15]. In the AWGS consensus report,
the reasons for creating different cutoff values from the
European criteria were stated as follows: although the recom-
mended approaches for measurements of muscle mass, mus-
cle strength, and physical performance byAWGSwere similar
to the EWGSOP definition, the cutoff values of these mea-
surements in Asian populations may differ from those in
Caucasians because of ethnicities, body size, lifestyles, and
cultural backgrounds. Therefore, developing anAsian consen-
sus for sarcopenia diagnosis based on the evidence derived
from Asian populations is essential for research and therapeu-
tic approaches to sarcopenia in Asia [15]. This definition is
now used widely for the assessment of SP in Asian countries.

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 baseline data and that
from the second survey of the ROAD study provided infor-
mation on the prevalence and incidence of OP at the lumbar
spine L2–4 and proximal femur [17, 18]. Furthermore, the
prevalence of SPwas evaluated using the EWGSOP definition
in the second ROAD survey, giving an estimated prevalence
in the general Japanese population of 13.8% in men and
12.4% in women [19]. The same study revealed that SP prev-
alence increased in an age-dependent manner in both sexes
[19]. However, the SP incidence according to the AWGS
criteria has not been investigated. Furthermore, the relation-
ships of SP with other musculoskeletal diseases, especially
OP, have not been determined, and it is not clear whether SP
causes OP development, OP causes SP development, the con-
ditions are comorbid, or if SP and OP represent concomitant
modifications of one another.

In the present study, we completed the third ROAD study
survey, a 4-year follow-up in which examinations identical to

those in the second ROAD study survey were conducted. The
aims of the present study were to clarify SP prevalence and
incidence using the AWGS criteria, determine the co-existing
proportions of SP and OP, and evaluate whether there was a
significant contribution of SP to subsequent OP development,
or vice versa, in elderly Japanese subjects.

Methods

Study participants

The present study was performed using the ROAD study co-
horts that were established in 2005. The ROAD study is a
national, prospective study of osteoarthritis that consists of
population-based cohorts from several communities in
Japan. Details of the cohort profiles have been reported else-
where [16, 17]. In brief, between 2005 and 2007, a baseline
database was created that included clinical and genetic infor-
mation for 3040 residents (1061 men and 1979 women with a
mean age of 70.3 (standard deviation [SD], 11.0) years; 71.0
(10.7) years in men, 69.9 (11.2) years in women). The subjects
were recruited from resident registration listings in 3 commu-
nities with different characteristics: 1350 subjects from an
urban region in Itabashi, Tokyo; 864 subjects from a moun-
tainous region in Hidakagawa, Wakayama; and 826 subjects
from a coastal region in Taiji, Wakayama.

After the baseline study, a second survey was performed in
the same communities from 2008 to 2010 [20], and the third
survey was followed from 2012 to 2013. In the second and
third surveys, in addition to the OP assessment, examinations
for the diagnosis of SP, including measurements such as gait
speed, grip strength, and skeletal muscle mass were initiated
in mountainous and coastal regions. In the present study,
among the 1551 participants (521 men and 1030 women) in
the second survey from mountainous and coastal regions who
underwent all measurements for SP and OP, those aged
≥60 years were selected based on the AWGS criteria for SP
[15]. As a result, 1099 (377 men and 722 women; mean age,
72.1 (7.4) years [72.7 (7.5) years in men, 71.8 (7.4) years in
women]) participants were recruited as eligible subjects. A
flow chart of subjects’ recruitment and follow-up with reasons
for dropout is shown in Fig. 1. The data obtained from these
1099 subjects was used to clarify mutual associations between
SP and OP.

Examinations performed during the second ROAD study
survey

Interviewer-administered questionnaire

Participants completed an interviewer-administered question-
naire that consisted of 200 questions related to lifestyle
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including occupation, smoking habits, alcohol consumption,
family history, medical history, physical activity, reproductive
history, and health-related QOL.

Anthropometric measurements and medical history

Anthropometric measurements, including height and
weight, were measured in all participants. Body mass in-
dex (BMI; weight [kg]/height [m2]) was calculated as
weight in kilograms divided by height in meters squared.
Experienced orthopedic surgeons collected medical infor-
mation about pain, swelling, and the range of motion of
the knee.

Skeletal muscle mass

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 et al. [11, 13] and has been vali-
dated previously [26]. Appendicular skeletal muscle mass
(ASM) was calculated as the sum of the muscle mass of
the arms and legs. Absolute ASM was converted to an
appendicular muscle mass index by dividing by height
in meters squared (kg/m2).

Muscle strength and walking speed

Handgrip strength was measured using a Toei Light handgrip
dynamometer (Toei Light Co. Ltd., Saitama, Japan) to assess
muscle strength. Both hands were tested and the largest value
used to determine the maximum muscle strength. The usual
walking speed was measured as an index of physical perfor-
mance. The time taken (s) to walk 6 m at normal walking
speed was recorded, and the usual gait speed was calculated.

BMD examination

Lumbar spine and proximal femur bone mineral density
(BMD) values were determined using dual-energy X-ray
absorptiometry (DXA; Hologic Discovery C; Hologic,
Waltham, MA). To control DXA precision, the equipment
was checked at every examination during the second and
third surveys using the same phantom. The BMD of the
phantom was regulated to within ±1.5% during all exami-
nations. In addition, the same physician (N.Y.) examined all
participants to control observer variability. Intraobserver var-
iability of DXA using the Lunar DPX in vitro and in vivo
had been measured by the same physician (N.Y.) in an-
other study [27], and the coefficient of variance for L2–4
in vitro was 0.35%. The coefficients of variance for L2–4,
the proximal femur, Ward’s triangle, and the trochanter as
examined in vivo in five male volunteers were 0.61–0.90,
1.02–2.57, 1.97–5.45, and 1.77–4.17%, respectively.

Definition of SP and OP

SP was determined according to the criteria defined by the
AWGS [15]. AWGS criteria were as follows: (A) age ≥60 or
≥65 years; (B) low appendicular skeletal muscle mass, 7.0 kg/
m2 for men and 5.7 kg/m2 for women, according to
bioimpedance analysis; (C) low handgrip strength, <26 kg in
men and <18 kg in women; and (D) low gait speed, with usual
gait speed being ≤0.8 m/s. Subjects were diagnosed as having
SP if they had criteria A and B and either of criteria C or D.
Regarding age definition using the AWGS criteria, because of
the different states of aging in Asia, not all countries use the
same cutoff age to define elderly populations. Therefore, the
AWGS recommends using either 60 or 65 years as the age for
SP. In the present study, we defined subjects aged ≥60 years as
potential subjects for SP.

In the present study, OP was defined according to the
values of BMD. The World Health Organization criteria were
used when BMD T-scores were lower than the peak bone
mass by 2.5 SDs [28]. In Japan, the mean L2–4 BMD in
young adults, as measured using the Hologic DXA, was
1.011 (0.119) g/cm2 [29]. Therefore, lumbar spine osteoporo-
sis was defined as an L2–4 BMD of <0.714 g/cm2. In Japan,
the mean femoral neck BMDs in young adult males and
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Fig. 1 Flow chart of the recruited participants in the present study
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females are 0.863 (0.127) and 0.787 (0.109) g/cm2, respec-
tively [28]. Therefore, OP at the femoral neck was defined as a
BMD of <0.546 and <0.515 g/cm2 for men and women,
respectively.

Incidence of SP and OP

The cumulative incidences of SP and OP were deter-
mined based on changes in measurements between the
second and third surveys. New cases of SP or OP were
defined as when an individual did not meet criteria for SP
or OP at the second survey but did meet them at the third
survey.

Statistical analyses

All statistical analyses were performed using STATA statisti-
cal software (STATA Corp., College Station, TX). Differences
in proportions were compared using the chi-square test.
Differences in continuous variables were tested for signifi-
cance using analysis of variance for comparisons among mul-
tiple groups or Scheffe’s least significant difference test for
group pairs.

Logistic regression analysis was used to test the asso-
ciation between the presence of SP and OP occurrence.
OP occurrence was used as the objective variable, and the
presence of SP (1: yes, 0: no) was used as the explanatory
variable, after adjusting for age (years), sex (0: men, 1:
women), and unconfirmed confounding factors. A second
logistic regression analysis was conducted by replacing
the objective and explanatory variables in the model men-
tioned above with SP occurrence and the presence of OP
(1: yes, 0: no), respectively. The unconfirmed risk factors
used for adjustment in the multivariate logistic analysis
included residing area (0: mountainous area, 1: coastal
area), emaciated stature (BMI <18.5 kg/m2; [0: no, 1:
yes]), current smoking habit (0: ex or never smoker, 1:
current smoker), and alcohol consumption habit (0: ex or
never drinker, 1: current drinker).

Results

SP prevalence

SP prevalence according to age group stratifications of
60–64, 65–69, 70–74, 75–79, and ≥80 years were 0.5,
0.0, 4.3, 11.2, and 27.0%, respectively (men, 1.5, 0.0,
4.7, 11.5, and 23.9%, for 60–64, 65–69, 70–74, 75–79,
and ≥80 years, respectively; women, 0.0, 0.0, 4.1, 10.9,
and 28.7%, for 60–64, 65–69, 70–74, 75–79, and
≥80 years, respectively). Above the age of 70 years, SP
prevalence increased in an age-dependent manner, but

there was no significant difference in prevalence accord-
ing to sex.

OP prevalence

OP prevalence estimates were conducted on 1097 partic-
ipants (376 men, 721 women) because the BMD at the
spine L2–4 or femoral neck could not be measured in 2
individuals (1 man, 1 woman). OP prevalence according
to age group stratifications of 60–64, 65–69, 70–74, 75–
79, and ≥80 years were 10.8, 18.0, 19.5, 34.0, and 44.0%,
respectively (men, 1.5, 1.5, 4.7, 13.8, and 11.3%, for 60–
64, 65–69, 70–74, 75–79, and ≥80 years, respectively;
women, 15.4, 24.8, 26.9, 47.7, and 62.0%, for 60–64,
65–69, 70–74, 75–79, and ≥80 years, respectively). OP
prevalence increased in an age-dependent manner in
women and was significantly higher in each age strata in
women compared with that in men.

SP and OP co-existence

In the population aged ≥60 years, SP and OP co-existence
was observed in 4.7%, SP alone was present in 3.5%, OP
alone was noted in 20.2%, and 71.7% had neither SP nor
OP.

In men, the prevalences of co-existing SP and OP, SP
alone, OP alone, and neither SP nor OP were 1.9, 6.7, 5.1,
and 86.4%, respectively, and in women, those were 6.2,
1.8, 28.0, and 63.9%, respectively. The difference in dis-
tribution in prevalences between men and women was
most significant for OP. That is, prevalences of the co-
existence of SP and OP and OP alone were significantly
higher in women compared with men (p < 0.001).

Associated factors classified by the presence or absence
of SP or OP

Table 1 shows a comparison of background characteristics
for those with and without SP. Among subjects with SP,
57.8% had a concomitant diagnosis of OP, which was a
significantly higher proportion than those without SP
(22.0%, p < 0.001). Similarly, in those with OP, 19.1%
had a concomitant diagnosis of SP, which was a signifi-
cantly greater proportion than those without OP (4.6%,
p < 0.001).

Diagnostic SP values such as grip strength and usual
walking speed were significantly lower in the subjects
with OP (p < 0.001). In addition, OP diagnostic values
such as lumbar spine L2–4 and femoral neck BMD
were significantly lower in the subjects with SP
(p < 0.0001). Age and smaller stature were both signif-
icantly associated with SP and OP. Residing region was
significantly associated with SP (p = 0.005). Being
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female and drinking and smoking less were significantly
associated with OP (Table 1).

Table 2 (A), (B) shows the mutual associations between
the presence of SP and OP at the lumbar spine L2–4
and/or the femoral neck. After adjustment for potential
confounding factors mentioned above, logistic regression
analysis revealed that the presence of OP was signifi-
cantly associated with SP presence (odds ratio, 2.86;
95% confidence interval, 1.59–5.13; p < 0.001;
Table 2 (A)). Furthermore, the presence of SP was sig-
nificantly associated with OP presence (odds ratio, 2.78;
95% confidence interval, 1.55–4.99; p < 0.001; Table 2
(B)).

Participants in both the second and third surveys

Among 1099 participants in the second survey who were
aged ≥60 years at the assessment of SP, 865 individuals
(78.7%, 289 men, 576 women) attended the third survey
performed 4 years later. Therefore, 234 individuals
(21.3%; 88 men, 146 women) dropped out in the third
survey. The reasons for dropout are shown in Fig. 1.
Among the 865 participants in both the second and third

surveys, 98 (11.3%, 36 men, 62 women) did not have
complete measurements for the diagnosis of SP and OP.
Therefore, the data from 767 completers (69.8%, 253
men, 514 women) was used in the present study to assess
the contribution of OP to the occurrence of SP, and vice
versa.

Cumulative incidence of SP

Among 767 completers (253 men, 514 women) of the third
survey of the ROAD study, 32 subjects (9 men and 23 wom-
en) were diagnosed with SP at the second survey. Therefore,
the number of population at risk for SP occurrence was 735
(244 men, 491 women). The cumulative incidence of SP dur-
ing the 4-year period between the surveys was 2.0%/year
(men, 2.2%/year; women, 1.9%/year). Figure 2 shows the
age-sex classified SP incidence. The cumulative SP inci-
dences for the at-risk populations according to age group were
0.4, 0.5, 1.5, 4.2, and 6.9%/year for 60–64, 65–69, 70–74, 75–
79, and ≥80 years, respectively. The incidence increased in an
age-dependent fashion (p < 0.001 for all subjects, p = 0.005
for men, and p < 0.001 for women), but there was no

Table 1 Comparison of characteristics at the second survey classified by the presence or absence of sarcopenia or osteoporosis

Sarcopenia Osteoporosis

Sarcopenia
(−)
(n = 1009)

Sarcopenia
(+)

p value Osteoporosis
(−)
(n = 824)

Osteoporosis
(+)
(n = 273)

p value

Mean values (SD) and percentage of selected characteristics

Age (years) 71.3 (7.0) 81.1 (5.9) <0.0001 71.0 (7.1) 75.5 (7.3) <0.0001

Female sex (%) 65.8 64.4 0.794 57.5 90.5 <0.001

Height (cm) 154.1 (8.8) 149.0 (8.8) <0.0001 155.5 (8.7) 148.1 (7.4) <0.0001

Weight (kg) 55.8 (10.1) 45.6 (8.2) <0.0001 57.6 (9.8) 47.1 (7.4) <0.0001

BMI (kg/m2) 23.4 (3.3) 20.4 (2.4) <0.0001 23.8 (3.2) 21.5 (3.0) <0.0001

Emaciation (BMI < 18.5 kg/m2; %) 5.0 21.1 <0.001 3.3 15.4 <0.001

Residing in a coastal area (%) 47.5 32.2 0.005 46.4 45.8 0.870

Current smoking habit (%) 8.4 10.0 0.613 10.1 4.0 0.002

Current alcohol drinking habit (%) 31.2 25.6 0.268 35.3 16.5 <0.0001

Mean values (SD) of selected measurements for sarcopenia diagnosis

Grip strength (maximum) (kg) 29.0 (8.6) 20.5 (7.4) <0.0001 30.2 (8.8) 22.7 (6.0) <0.0001

Usual walking speed (m/s) 1.10 (0.26) 0.75 (0.19) <0.0001 1.10 (0.27) 0.99 (0.29) 0.035

Appendicular skeletal muscle mass adjusted by height (kg/m2) 6.65 (0.99) 5.69 (0.63) <0.0001 6.80 (0.99) 5.88 (0.69) <0.001

Prevalence of sarcopenia (%) 0.0 100.0 – 4.6 19.1 <0.001

Measurements related to the presence of osteoporosis

BMD (L2–4) (g/cm2) 0.923 (0.207) 0.823 (0.205) <0.0001 0.981 (0.186) 0.713 (0.129) <0.0001

BMD (femoral neck) (g/cm2) 0.640 (0.126) 0.552 (0.119) <0.0001 0.679 (0.109) 0.492 (0.06) <0.0001

Prevalence of osteoporosis (L2–4 or femoral neck; %) 22.0 57.8 <0.001 0.0 100.0 –

n number of subjects, BMI body mass index, BMD bone mineral density, SD standard deviation
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significant difference in incidence according to sex (p = 0.61)
(Fig. 2).

Cumulative incidence of OP

Among 767 completers (253 men, 514 women), 2 male sub-
jects were excluded from the assessment of OP incidence at
the third survey because their BMD measurements for both
lumbar spine L2–4 and femoral neck could not be performed.
Among the remaining 765 subjects (251 men, 514 women),
90 (2 men and 88 women) were diagnosed with OP at both the
lumbar spine L2–4 and femoral neck at the second survey.
Therefore, in the present study, the population at risk for OP
at the lumbar spine L2–4 and/or femoral neck was 675 sub-
jects (249 men, 426 women). The cumulative OP incidence
during the 4-year period between the surveys was 1.9%/year
(men, 0.8%/year; women, 2.5%/year). The cumulative OP
incidences for the at-risk populations according to age group
were 1.1, 2.3, 2.1, 1.7, and 2.7%/year for 60–64, 65–69, 70–
74, 75–79, and ≥80 years, respectively (men, 1.0, 1.0, 0.9, 0.0,
and 1.5%/year, for 60–64, 65–69, 70–74, 75–79, and
≥80 years, respectively; women, 1.1, 2.9, 2.8, 3.0, and 4.0%/
year, for 60–64, 65–69, 70–74, 75–79, and ≥80 years,

respectively.) OP incidence was not associated with age
(p = 0.38 for total subjects, p = 0.60 for men, p = 0.23 for
women), and it was significantly higher in women compared
with that in men (p = 0.001).

Assessment of contribution of OP to the subsequent
occurrence of SP, and vice versa

Table 3 shows the comparison of the background characteris-
tics according to the occurrence or non-occurrence of SP dur-
ing the 4-year follow-up. Among subjects without SP at the
second survey, in addition to higher age, lower height, lower
weight, and residing in a mountainous area, the presence of
OP was significantly associated with future SP development
(p < 0.001).

Table 3 also shows the comparison of the background char-
acteristics according to the occurrence or non-occurrence of
OP during the 4-year follow-up. In addition to female sex,
lower height, lower weight, emaciation, and residing in a
mountainous area, the presence of SP was significantly asso-
ciated with the future incidence of OP (p = 0.043).

After adjustment for the potential confounding factors such
as, age, sex, regional difference, emaciation (BMI < 18.5 kg/

Table 2 Mutual associations between presence of sarcopenia and osteoporosis among subjects at the second survey

Logistic regression model

Objective variable Reference

A. Effect of the presence of osteoporosis on sarcopenia presence

Sarcopenia 0: no, 1: yes

Explanatory variables Reference OR 95% CI p value

Osteoporosis at lumbar spine L2–4 or femoral neck 0: no, 1: yes 2.75 1.59–5.13 <0.001

Adjusted factors

Age (years) 1+ year 1.22 1.17–1.28 <0.001

Sex 0: men, 1: women 0.69 0.37–1.29 0.247

Residing area 0: mountainous area, 1: coastal area 0.63 0.37–1.06 0.082

Emaciation (BMI < 18.5 kg/m2) 0: no, 1: yes 3.19 1.58–6.44 0.001

Current smoking habit 0: ex or never smoker, 1: current smoker 1.90 0.77–4.67 0.162

Current alcohol drinking habit 0: ex or never drinker, 1: current drinker 0.97 0.53–1.78 0.930

B. Effect of the presence of sarcopenia on osteoporosis presence

Osteoporosis at lumbar spine L2–4 or femoral neck 0: no, 1: yes

Explanatory variables Reference OR 95% CI p value

Sarcopenia 0: no, 1: yes 2.78 1.55–4.99 0.001

Adjusted factors

Age (years) 1+ year 1.09 1.06–1.12 <0.001

Sex 0: men, 1: women 8.94 5.43–14.8 <0.001

Region 0: mountainous area, 1: coastal area 1.12 0.82–1.55 0.469

Emaciation (BMI < 18.5 kg/m2) 0: no, 1: yes 5.28 2.86–9.76 <0.001

Current smoking habit 0: ex or never smoker, 1: current smoker 0.80 0.36–1.75 0.573

Current alcohol drinking habit 0: ex or never drinker, 1: current drinker 0.81 0.53–1.24 0.330

OR odds ratio, 95% CI 95% confidence interval, BMI body mass index
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m2), smoking habit, and alcohol drinking habit, logistic re-
gression analysis revealed that the presence of OP was a sig-
nificant predictive factor for SP occurrence in the near future
(odds ratio, 2.99; 95% confidence interval, 1.46–6.12;
p = 0.003; Table 4 (A)). This tendency was shown for both
men and women when the logistic analysis was performed
using identical adjustment factors except for sex; although,
the association in men was diluted (men: odds ratio 6.92,
95% confidence interval 0.86–55.66, p = 0.069; women: odds
ratio 2.58, 95% confidence interval 1.16–5.73, p = 0.020).

By contrast, the logistic regression analysis revealed that
the presence of SP was no longer a significant predictive
factor for OP occurrence in the near future (odds ratio, 2.11;
95% confidence interval, 0.59–7.59; p = 0.253; Table 4 (B)).

Discussion

In the present study, using information from the second and
third surveys of the population-based ROAD cohort, we clar-
ified the prevalence and characteristics of SP in Japan. We
found that the prevalence of SP was significantly higher in
those with OP compared to in those without OP. In addition,
the prevalence of OPwas significantly higher in those with SP
compared to in those without SP. In the 4-year follow-up
between the surveys, we estimated the SP incidence and found
that the presence of OP significantly increased the future risk
of SP, but the presence of SP did not increase the future risk of
OP.

In the present study, SP prevalence was estimated using the
AWGS definition because previous prevalence estimates on
this cohort were conducted before the publication of the
AWGS definitions [19]. The previous prevalences were
higher compared with those noted in the present study, which
is most likely because of the differences in cutoff values be-
tween the EWGSOP andAWGS definition criteria. According
to the EWGSOP criteria, low handgrip strength was defined as

<30 kg inmen and <20 kg in women [5], whereas those for the
AWGS definition are <26 and <18 kg, respectively. However,
because all of the participants in the ROAD study were
Japanese, we decided that the AWGS criteria would better
reflect the SP prevalence of the cohort.

Besides previous reports using the EWGSOP definition
[19], few studies have estimated the SP prevalence in the
Japanese population. Applying the SP prevalence rate obtain-
ed in subjects aged ≥60 years in the present study (8.2%) to the
Japanese 2010 census data [30] would indicate that in Japan,
approximately 3,700,000 people (1,200,000 men and
2,500,000 women) aged ≥60 years might be affected by SP.
Furthermore, in the present report, the degree of co-existence
of SP and OP in those aged ≥60 years was clarified. The
majority of patients with SP had OP, but patients with OP
did not always have SP. Therefore, individuals with SP should
be assessed for the potential co-existence of OP. Furthermore,
not only was the presence of OP associated with the presence
of SP, and vice versa, but also subjects with SP tended to have
low BMD, whereas those with OP tended to have low phys-
ical performance and low muscle mass. Therefore, not only
prevalence but also elements assessed for the diagnosis of SP
and OP showed significant associations.

Regarding stature, emaciation is a well-known feature of
OP. In a meta-analysis of prospective cohorts from >25 coun-
tries, including baseline BMI data from 398,610 women with
an average age of 63 years and a follow-up of 2.2 million
person-years, Johansson et al. reported that a high BMI was
a protective factor for most fragility fracture sites [31].
Moreover, we reported previously that fast bone losers have
significantly lighter body composition compared with healthy
subjects [32]. However, regarding SP, despite consideration of
sarcopenic obesity [33, 34], the association of emaciation and
SP has received little attention. In the present study, emacia-
tion was significantly associated with both OP and SP.
Additionally, in the present study, none of the individuals with
SP were obese (BMI >27.5 kg/m2). In an overview of
sarcopenic obesity, Cauley stated that obesity was usually de-
fined by a high BMI, but some studies have relied on percent-
age body or visceral fat [35]. The findings of the present study
suggest that high BMI might not be associated with the exis-
tence of SP. The definition of sarcopenic obesity should be
incorporated from the view of the prevention of severe health
illness of the elderly, such as cardiovascular diseases.

Regarding SP incidence, few reports have estimated SP
incidence in not only Japan but also worldwide. In the
present study, the cumulative SP incidence in Japanese
subjects aged ≥60 years was 2.0%/year. Using the age-
sex SP incidence against the Japanese 2010 census data
[31], this suggests that approximately 1,050,000 people
(350,000 men and 700,000 women) aged ≥60 years be-
come newly affected by SP each year. The cumulative SP
incidence increased with age, but there were no
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significant differences in the SP prevalence or incidence
rates according to sex.

We reported the cumulative OP incidence previously, using
the 3-year follow-up data from the baseline to second ROAD
study surveys [36]. In that study, we estimated that the annual
cumulative OP incidences were 0.76%/year at the lumbar
spine and 1.83%/year at the femoral neck. In the present study,
the annual OP incidence of subjects aged ≥60 years, between
the second and third surveys, was estimated to clarify any
associations with SP. The incidence of lumbar spine L2–4
OP in female subjects aged ≥60 years who participated in
the baseline to the second survey [35] was compared with that
in the present study (1.06 vs. 0.84%/year, respectively;
p < 0.01; data not published). Similarly, the incidence of fem-
oral neck OP in female subjects between these studies was
significantly lower between the second and third surveys
(2.49 vs. 1.87%/year, respectively; p < 0.001; data not pub-
lished). We did not compare the OP incidence in men because
the numbers were too low to provide statistical power for a
comparison. This comparison shows that the OP incidence

rate in women might be decreasing, although the reasons for
this are unknown. Observation of the ROAD cohort is ongo-
ing, and changes in incidence rates will be clarified after com-
pletion of the 10-year follow-up.

Finally, the logistic regression analysis revealed that the
presence of OP significantly increased the risk of SP occur-
rence within 4 years. By contrast, the presence of SP did not
predict OP occurrence within 4 years. However, as we noted,
there was a significant proportion of patients with co-existent
SP and OP (so-called ‘osteosarcopenia’), suggesting that
individuals with SP should be assessed for the presence of OP.

There are several limitations to the present study. First,
although the ROAD study includes a large number of
participants, the participants in the present study (second
survey, individuals from the mountainous and coastal re-
gions only) may not be completely representative of the
general population. To address this issue, we compared
the anthropometric measurements between the present
study participants and the general Japanese population.
The values for the general population were obtained from

Table 3 Comparison of characteristics of the subjects at the second survey classified by the occurrence or non-occurrence of sarcopenia or
osteoporosis during a 4-year follow-up

Sarcopenia (population at risk, n = 735) Osteoporosis (population at risk,
n = 675)

Non-
occurrence
(n = 677)

Occurrence
(n = 58)

p value Non-
occurrence
(n = 624)

Occurrence
(n = 51)

p value

Mean values (SD) and percentage of selected characteristics

Age (years) 69.5 (6.3) 76.2 (6.0) <0.0001 70.1 (6.7) 71.3 (6.1) 0.223

Female sex (%) 67.1 63.8 0.612 61.4 84.3 <0.001

Height (cm) 154.9 (8.4) 152.2 (8.9) 0.0217 155.4 (8.5) 151.2 (7.9) 0.0008

Weight (kg) 56.7 (9.5) 49.2 (6.8) <0.0001 57.2 (9.5) 49.9 (6.9) <0.001

BMI (kg/m2) 23.6 (3.1) 21.2 (2.2) <0.0001 23.6 (3.1) 21.8 (2.8) 0.0001

Emaciation (BMI < 18.5 kg/m2; %) 4.0 6.9 0.290 2.7 11.8 0.001

Residing in a
coastal area (%)

51.3 32.8 0.007 50.0 37.3 <0.001

Current smoking habit (%) 7.6 8.8 0.758 8.6 4.1 0.269

Current alcohol drinking habit (%) 33.0 29.3 0.567 34.9 24.0 0.117

Mean values (SD) of selected measurements for sarcopenia diagnosis

Grip strength (maximum) (kg) 30.3 (8.4) 25.9 (6.9) 0.0003 30.4 (8.6) 25.9 (6.8) 0.0003

Usual walking time (m/s) 1.16 (0.24) 1.02 (0.19) <0.0001 1.15 (0.25) 1.08 (0.21) 0.0789

Appendicular skeletal muscle mass adjusted by height
(kg/m2)

6.70 (0.97) 6.00 (0.65) <0.0001 6.75 (0.97) 6.17 (0.68) <0.0001

Prevalence of sarcopenia (%) 0.0 0.0 – 2.7 7.8 0.043

Measurements related to the presence of osteoporosis

BMD (L2–4) (g/cm2) 0.929
(0.194)

0.884 (0.214) 0.104 0.968 (0.176) 0.797 (0.137) <0.0001

BMD (femoral neck) (g/cm2) 0.651
(0.119)

0.119) 0.596
(0.125)

0.0008 0.668 (0.116) 0.556 (0.042) <0.0001

Prevalence of osteoporosis (L2–4 or femoral neck; %) 16.3 39.7 <0.001 0.0 0.0 –

n number of subjects, BMI body mass index, BMD bone mineral density, SD standard deviation
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the report on the 2008 National Health and Nutrition
Survey conducted by the Ministry of Health, Labour,
and Welfare, Japan [37] when the second ROAD survey
began. For mean BMI, there were no significant differ-
ences between the second ROAD survey participants
and the Japanese general population. In addition, among
lifestyle factors, the proportion of current smokers and
drinkers (those who regularly drink more than one drink/
month) in the Japanese general population was compared
with that in the present study population. The proportion
of current smokers was lower in males in the present
study population compared with the general Japanese
population, but there was no significant difference in the
number of female smokers (men, 19.1 vs. 25.6%,
p < 0.01; women, 3.1 vs. 4.0%, p = 0.28). Moreover,
the proportion of current drinkers was significantly lower
in both men and women in our study population com-
pared with the general Japanese population (men, 58.9
vs. 64.7%, p < 0.05; women, 16.0 vs. 21.0%, p < 0.01),
suggesting that compared to the general Japanese popula-
tion, the participants of the present study lead healthier
lifestyles, at least in terms of smoking habits. This selec-
tion bias should be taken into consideration when

generalizing the results obtained from the present study.
Second, in the present study, handgrip strength, and 6-m
walking tests were measured only once. Therefore, we
could not exclude the effect of incidental changes in par-
ticipants’ performance around the examination date.
Recurrent measurements should be taken into consider-
at ion to minimize fluctuat ion of measurements.
However, we confirmed that none of the participants har-
bored hand or knee injuries that could have affected the
measurements. Third, in the present study, OP was de-
fined by BMD values using DXA alone. We might have
to include participants who started medication for OP and/
or those who developed new fractures. Although we had
information regarding the medication and history of frac-
tures, they were obtained from the self-report question-
naire leading to the possibility of recall bias. Therefore,
in the present study, the incidence of OP might be
underestimated. After the confirmation of medication by
the interviewer, and assessment of fractures diagnosed by
radiographic examinations performed in the ROAD study,
the cumulative incidence of OP should be revised. Finally,
the 4-year follow-up period might be too short to deter-
mine the causal relationship between SP and OP. Only a

Table 4 Mutual associations between the occurrence and presence of sarcopenia and osteoporosis

Logistic regression model

Objective variable Reference

A. Effect of the presence of osteoporosis on sarcopenia occurrence

Sarcopenia occurrence 0: no, 1: yes

Explanatory variables Reference OR 95% CI p value

Osteoporosis presence at the lumbar spine L2–4 or femoral neck 0: no, 1: yes 2.99 1.46–6.12 0.003

Adjusted factors

Age (years) 1+ year 1.18 1.12–1.25 <0.001

Sex 0: men, 1: women 0.81 0.38–1.72 0.582

Residing area 0: mountainous area, 1: coastal area 0.45 0.24–0.85 0.013

Emaciation (BMI < 18.5 kg/m2; %) 0: no, 1: yes 1.37 0.40–4.67 0.618

Current smoking habit 0: ex or never smoker, 1: current smoker 1.93 0.66–5.62 0.229

Current alcohol drinking habit 0: ex or never drinker, 1: current drinker 0.86 0.43–1.72 0.666

B. Effect of presence of sarcopenia for the occurrence of osteoporosis

Osteoporosis occurrence at the lumbar spine L2–4 or femoral neck 0: no, 1: yes

Explanatory variables Reference OR 95% CI p value

Sarcopenia presence 0: no, 1: yes 2.11 0.59–7.59 0.253

Adjusted factors

Age (years) 1+ year 1.03 0.98–1.08 0.280

Sex 0: men, 1: women 3.48 1.46–8.28 0.005

Region 0: mountainous area, 1: coastal area 0.51 0.27–0.85 0.033

Emaciation (BMI < 18.5 kg/m2; %) 0: no, 1: yes 5.14 1.80–14.68 0.002

Current smoking habit 0: ex or never smoker, 1: current smoker 0.69 0.15–1.94 0.636

Current alcohol drinking habit 0: ex or never drinker, 1: current drinker 0.92 0.44–1.94 0.832

OR odds ratio, 95% CI 95% confidence interval, BMI body mass index
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small number of new OP and SP cases occurred during
the 4-year observation period. However, the ROAD study
continues, so determining the occurrence of OP and SP
over an extended period will be possible in the future,
enabling the validation of the causal relationship between
SP and OP using the incidence rate, rather than cumula-
tive incidence as an epidemiological index.

In conclusion, the prevalence of co-existing SP and OP
were high, suggesting that subjects ≥60 years with SP should
be assessed for concomitant OP. Moreover, the presence of
OP was significantly associated with SP occurrence within
4 years. Therefore, treatment for OP might not only have
clinical benefit for the treatment of OP itself but might also
reduce the risk of subsequent SP development.
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