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Abstract
Summary In this 4-year follow-up study including 1083 subjects (≥ 60 years), the prevalence of frailty was estimated to be 5.6%;
osteoporosis was found to be significantly associated with frailty. Moreover, the presence of both osteoporosis and sarcopenia
increased the risk of frailty compared to the presence of osteoporosis or sarcopenia alone.
Introduction This study aims to examine the contribution of sarcopenia and osteoporosis to the occurrence of frailty using 4-year
follow-up information of a population-based cohort study.
Methods The second survey of the Research on Osteoarthritis/Osteoporosis Against Disability (ROAD) study was conducted
between 2008 and 2010; 1083 subjects (aged ≥ 60 years, 372 men, 711 women) completed all examinations on frailty,
sarcopenia, and osteoporosis, which were defined using Fried’s definition, Asian Working Group for Sarcopenia criteria, and
WHO criteria, respectively. The third survey was conducted between 2012 and 2013; 749 of 1083 individuals enrolled from the
second survey (69.2%, 248 men, 501 women) completed assessments identical to those in the second survey.
Results The prevalence of frailty in the second survey was 5.6% (men, 3.8%; women, 6.6%). The cumulative incidence of frailty
was 1.2%/year (men, 0.8%/year; women, 1.3%/year). After adjustment for confounding factors, logistic regression analysis
indicated that osteoporosis was significantly associated with the occurrence of frailty (odds ratio, 3.07; 95% confidence interval,
1.26–7.36; p = 0.012). Moreover, the occurrence of frailty significantly increased according to the presence of osteoporosis and
sarcopenia (odds ratio vs. neither osteoporosis nor sarcopenia: osteoporosis alone, 2.50; osteoporosis and sarcopenia, 5.80).
Conclusions Preventing osteoporosis and coexistence of osteoporosis and sarcopenia may help reduce the risk of frailty.
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Introduction

According to the most recent National Livelihood Survey by
the Ministry of Health, Labour and Welfare in Japan, frailty is
ranked third among conditions that cause disability and sub-
sequently necessitate the requirement of support with regard
to activities of daily living (ADL) [1]. Given the increasing
proportion of older individuals, it has become urgent to pre-
vent frailty, which impairs ADL and quality of life (QOL).

Moreover, with regard to the diagnostic criteria for frailty,
Fried et al. first defined frailty as a clinical syndrome compris-
ing five variables: unintentional weight loss, self-reported ex-
haustion, low physical activity, weakness (grip strength), and
slowness (slow walking speed) [2]. Older persons with three
or more of the five factors are considered frail, those with one
or two factors as pre-frail, and those with no factors as non-
frail or robust.
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Conversely, sarcopenia (SP) is characterized by the gener-
alized loss of skeletal muscle mass and muscle strength and/or
function, causing multiple adverse health outcomes, including
physical disability, poor QOL, and death [3–8]. The European
Working Group on Sarcopenia in Older People (EWGSOP)
developed a practical clinical definition and diagnostic criteria
for SP in 2010 [8]. After the publication of the EWGSOP
consensus criteria, the Asian Working Group for Sarcopenia
(AWGS) announced appropriate diagnostic cutoff values for
Asian populations [9]. Two of the three SP criteria, namely
muscle strength and function, overlap with two of the five
criteria of frailty, which may suggest that SP and frailty are
strongly associated.

Furthermore, the abovementioned National Livelihood
Survey performed by the Ministry of Health, Labour and
Welfare in Japan found that falls and osteoporotic frac-
tures are ranked fourth among the causes of disabilities
requiring support and long-term care [1]. Therefore, the
prevention of osteoporosis (OP) is also important with
respect to disability in the older population. With regard
to the association between SP and OP, we found that a
large proportion of SP subjects also had OP using the
follow-up information of the population-based cohort
[10]. In addition, we estimated the incidence of SP and
found that the presence of OP significantly increased the
risk of SP [10]. However, no report has clarified the prev-
alence of frailty, coexisting proportions of frailty, SP, and
OP and whether SP and/or OP significantly contributes to
the subsequent occurrence of frailty in the general
population.

Using the information collected in the 4-year follow-up of
the population-based cohort study, we aimed to clarify the
prevalence of frailty and the proportion of coexisting frailty
in SP and OP. Then, we estimated the cumulative incidence of
frailty. Finally, we assessed whether SP and/or OP significant-
ly contributed to the occurrence of frailty.

Methods

Study participants

The present study was performed using the ROAD study
cohorts 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
elsewhere [11, 12]. Briefly, between 2005 and 2007, a
baseline database was created that included the clinical
and genetic information of 3040 residents {1061 men
and 1979 women with a mean age of 70.3 (standard de-
viation [SD], 11.0) years; 71.0 (10.7) years, men; 69.9
(11.2) years, women}. The subjects were recruited from

resident registration listings in three communities with
different characteristics: 1350 subjects from an urban re-
gion in Itabashi, Tokyo; 864 subjects from a mountainous
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 [13], and the third
survey was followed from 2012 to 2013. In the second and
third surveys, all examinations for OP, SP, and frailty were
performed only in the cohorts from the mountainous and
coastal regions. Therefore, in the present study, among the
1551 participants (521 men; 1030 women) from such cohorts
in the second survey, those aged ≥ 60 years were selected
based on the AWGS criteria for SP [9]. Consequently, 1083
{372 men, 711 women; mean age, 72.1 (7.4) years (72.7
[7.5] years, men; 71.7 [7.3] years, women)} participants were
recruited as eligible subjects for the follow-up. A flowchart of
the subjects’ recruitment and follow-up, with reasons for drop-
out, is shown in Fig. 1.

All participants provided written informed consent, and the
study was approved by the ethics committees of the
University of Tokyo (No. 1264 and No. 1326) and
Wakayama Medical University (No. 373).

Examinations of the second survey of the ROAD study

Interviewer-administered questionnaire

Participants completed an interviewer-administered question-
naire that comprised 200 questions related to lifestyle, includ-
ing occupation, smoking habits, alcohol consumption, family
history, medical history, physical activity, reproductive histo-
ry, and health-related QOL.

Anthropometric measurements and medical history

Anthropometric measurements, including height and weight,
were measured for all participants. The body mass index
(BMI; weight [kg]/height [m2]) was calculated. Experienced
orthopedic surgeons collected the medical information of all
subjects.

Muscle strength and walking speed

To assess muscle strength, handgrip strength was measured
using a handgrip dynamometer (Toei Light Co., Ltd.,
Saitama, Japan). Both hands were tested, and the larger value
was used to determine the maximum muscle strength. As an
index of muscle function, the usual walking speed was mea-
sured. The time (s) to walk 6 m at a normal walking speed in a
hallway was taken manually using a stopwatch, and the usual
gait speed was calculated.
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Assessment of frailty

We defined frailty according to Fried’s definition [2].
Unintentional weight loss and self-reported exhaustion were
defined using the Kihon Checklist (KCL), which is a ques-
tionnaire comprising 25 yes/no questions, and created and
validated by the Ministry of Health, Labour and Welfare in
Japan to identify older adults at a higher risk of requiring long-
term healthcare [14]. Among the KCL questions, the presence
of unintentional weight loss was defined as a positive answer
to question 11: BHave you lost 2 kg or more in the past 6
months?^ The presence of self-reported exhaustion was de-
fined as a positive answer to question 25: BIn the last 2 weeks
have you felt tired without a reason?^ The presence of low
physical activity was defined as a negative answer to question
1: BDo you go out at least once a week?^

To measure weakness, low handgrip strength was
established according to a sex-specific cutoff of the max-
imum muscle strength of the subject according to the
AWGS criteria (< 26 kg, men; < 18 kg, women) [9]. To
measure slowness, each participant’s 6-m normal walking
speed (m/s) was calculated, and a slow walk was defined
as ≤ 0.8 m/s according to the AWGS criteria [9]. Those

with three or more and two of the five factors were diag-
nosed with frailty and pre-frailty, respectively.

Skeletal muscle mass

Skeletal muscle mass was measured with bioimpedance anal-
ysis [15–19] using the Body Composition Analyzer MC-190
(Tanita Corp., Tokyo, Japan). The protocol was described by
Tanimoto et al. [20, 21] and has been validated by Nemoto et
al. [22]. Appendicular skeletal muscle mass (ASM) was de-
rived as the sum of the muscle mass of the arms and legs.
Absolute ASMwas converted to an appendicular musclemass
index (SMI) by dividing ASM by height in meters squared
(kg/m2).

Bone mineral density examination

Lumbar spine and proximal femur bone mineral density
(BMD) values were determined using dual-energy X-ray ab-
sorptiometry (DXA; Hologic Discovery C; Hologic,
Waltham, MA, USA). To control DXA precision, the equip-
ment was checked every examination during the second and
third surveys using the same phantom. The BMD of the phan-
tom was regulated within ± 1.5% in all examinations. In addi-
tion, the same physician (N.Y.) examined all participants to
control interobserver variability. Intraobserver DXA variabil-
ity using the Lunar DPX in vitro and in vivo had been mea-
sured by the same physician (N.Y.) in another study [23], and
the coefficient of variance for L2–4 in vitro was 0.35%. The
coefficients of variance for L2–4, proximal femur, Ward’s
triangle, and trochanter examined in vivo in five male volun-
teers were 0.61–0.90, 1.02–2.57, 1.97–5.45, and 1.77–4.17%,
respectively.

Definition of SP, OP, and osteosarcopenia (OSP)

For the definition of SP, the following recommended cutoff
values of skeletal muscle mass were used according to the
AGWS report [9]:

1. Age 60 or 65 years as the age for SP diagnosis according
to the definitions of elderly in each country

2. Low appendicular skeletal muscle mass, 7.0 kg/m2 for
men and 5.7 kg/m2 for women using bioimpedance
analysis

3. Low handgrip strength, < 26 kg for men and < 18 kg for
women

4. Low gait speed: usual gait speed ≤ 0.8 m/s
5. In the present study, we considered subjects aged ≥

60 years old as having SP if they had a low skeletal mus-
cle mass and either criterion (c or d), such as low handgrip
strength or low gait speed.

ROAD study 2nd survey for osteoporosis, 
sarcopenia and frail  (2008-2010)

participants N = 1,551 (521 men, 1,030 women)

Selected all those aged 60 yrs: 
N =1,099 (375 men, 722 women)

Death: 48 (24 men, 24 women)
Illness: 46 (15 men, 31 women)
Moved away: 13 (3 men, 10 women)
Busy: 43 (18 men, 25 women)
Absent: 3 (3 women)
Declined: 73 (27 men, 46 women)

Incompleters of all measurements of the 
2nd survey of sarcopenia, osteoporosis, 
and frailty; 18 (5 men, 11 women)

Drop 
outs

Subjects of the present study
N =1,083 (372 men, 711 women)

Incompleters of all measurements of the 
3rd survey of sarcopenia, osteoporosis, 
and frailty; 108 (37 men, 71 women)

4-yr follow-up

ROAD study: 3rd survey for osteoporosis, 
sarcopenia, and frailty  (2012-2013)

participants N = 857 (285 men, 572 women)

Subjects of the present study
Completers in both 2nd and 3rd surveys
N =749 (248 men, 501 women; 69.2%)

Fig. 1 Flowchart of subjects’ recruitment and follow-up, with reasons for
dropout
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OP was defined according to the World Health
Organization criteria; OP was diagnosed when BMD T-
scores were lower than the peak bone mass by 2.5 SD
[24, 25]. The mean L2–4 BMD in young adult men and
women, as measured by the Hologic DXA in Japan, is
1.011 (0.119) g/cm2 [26]. Therefore, OP of the lumbar
spine was defined as an L2–4 BMD of < 0.714 g/cm2.
The mean BMD of the femoral neck in young adult men
and women is 0.863 (0.127) and 0.787 (0.109) g/cm2,
respectively [26]. Moreover, OP at the femoral neck in
men and women was defined as a femoral neck BMD of
< 0.546 and < 0.515 g/cm2, respectively.

In the present study, OSP was defined as the pres-
ence of both SP and OP, using the abovementioned
definition.

Four-year follow-up (ROAD third survey)
and definition of cumulative incidence

Between 2012 and 2013, the 1551 individuals who completed
the measurements in the second survey were invited to partic-
ipate in the 4-year follow-up of the ROAD study (third sur-
vey). In this third survey, the same examinations in the second
survey were repeated.

The cumulative incidence of frailty during these
4 years was determined based on changes in measure-
ments of completers of both the second and third sur-
veys. A new case of frailty was defined as an individual
without frailty in the second survey but with frailty in
the third survey; such cases were categorized using the
frailty criteria.

Statistical analysis

All statistical analyses were performed using Stata statis-
tical software (StataCorp., College Station, Texas, USA).
Differences in proportions were compared using the chi-
square test. Continuous variables were compared using
the analysis of variance for multiple groups or
Scheffé’s least-significant-difference test for pairs of
groups.

Logistic regression analysis was used to evaluate the
association between SP, OP at L2–4 and/or OP at the
femoral neck, and OSP, and frailty. In the analysis, we
used the occurrence of frailty as the objective variable
and the presence of SP, OP at L2–4 and/or OP at the
femoral neck, or OSP as the explanatory variable, after
adjusting for age, gender, and unconfirmed confounding
factors. The unconfirmed risk factors used for adjustment
in the multivariate logistic analysis are described in the
BResults^ section.

Results

Prevalence of frailty and pre-frailty and their
characteristics

As noted in the BMethods^ section, 1083 subjects were in-
cluded in the present study (Table 1), and 8.4% of the whole
population was considered to be emaciated. The smoking rate
was 18.9% in men and 3.0% in women, and the alcohol-
drinking rate was 59.1% in men and 16.1% in women.

The prevalence of frailty and pre-frailty for the population
aged ≥ 60 years was 5.6% (men, 3.8%; women, 6.6%) and
11.5% (men, 9.4%; women, 12.5%), respectively. The preva-
lence of frailty in the 60–64-, 65–69-, 70–74-, 75–79-, and ≥
80-year age groups was 1.0, 0.0, 3.2, 8.0, and 17.6%, respec-
tively, and that of pre-frailty was 5.9, 3.6, 8.7, 16.9, and
23.9%, respectively. Figure 2 shows the age- and gender-
stratified prevalence of frailty and pre-frailty at the second
survey. In both men and women, the prevalence of frailty
was lower among the 65–69-year age group than the 60–64-
year age group but thereafter increased with age, and a signif-
icant difference in prevalence existed between both genders
(p > 0.05). The prevalence of pre-frailty was also lower among
the 65–69-year age group than the 60–64-year age group and
thereafter increased with age in both men and women, but
there was no significant difference in the prevalence between
men and women.

Comparison of the characteristics of individuals
with frailty and pre-frailty to non-frail subjects

Table 1 shows a comparison of patient background character-
istics with respect to frailty status. Subjects with frailty tended
to be older, female, shorter, lighter, and more emaciated and
tended to drink less than the non-frail. In addition, among the
subjects with frailty, 44.3% had a concomitant diagnosis of
SP, a significantly higher proportion than in pre-frail and non-
frail subjects (pre-frail, 26.6%, non-frail, 3.1%; p < 0.001).
Similarly, among subjects with frailty, 50.8% had a concom-
itant diagnosis of OP, which was a significantly greater pro-
portion compared to the pre-frail and non-frail subjects (pre-
frail, 38.7%, non-frail, 21.3%; p < 0.001).

Coexistence of frailty, SP, and OP

Figure 3 shows a Venn diagram showing the overlap of frailty,
SP, and OP in the population aged ≥ 60 years. It reveals that
the coexistence of all frailty, SP, and OPwas observed in 1.7%
of this population; 0.8% had SP and frailty, and 1.2% had OP
and frailty. Frailty, SP, and OP, each alone, comprised 1.9, 2.6,
and 19.0% of the population, respectively. The remaining
69.5% had no frailty, SP, or OP (Fig. 2).
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Table 1 Comparison of characteristics at the second survey (baseline) classified by the present status of frailty

Status of frailty (number of subjects, prevalence %)

Non-frailty
(n = 898, 82.9%)

Pre-frailty
(n = 124, 11.5%)

Frailty
(n = 61, 5.6%)

Significance (p)

Mean values (SD) and percentage of selected characteristics

Age (years) 70.9 (6.9) 76.7 (7.5) 79.8 (6.3) < 0.0001

Female sex, (%) 64.0 71.8 77.1 < 0.05

Height (cm) 155.4 (19.1) 149.1 (9.2) 146.4 (7.3) < 0.0001

Weight (kg) 55.8 (10.2) 52.9 (10.3) 47.1 (8.4) < 0.0001

BMI (kg/m2) 23.2 (3.2) 23.8 (3.8) 21.9 (3.6) < 0.01

Emaciation (BMI < 18.5 kg/m2; %) 5.6 8.1 14.8 < 0.01

Residing in a coastal area (%) 49.4 30.7 27.9 < 0.001

Current smoking habit (%) 8.7 7.4 6.7 0.795

Current alcohol drinking habit (%) 32.3 27.6 16.4 < 0.05

Mean values (SD) of selected measurements for frailty diagnosis

Unintentional weight loss (%) 13.4 39.5 50.8 < 0.001

Self-reported exhaustion (%) 6.0 46.0 73.8 < 0.001

Low physical activity (%) 2.2 16.9 41.0 < 0.001

Grip strength (maximum) (kg) 29.8 (8.4) 23.3 (8.0) 18.2 (5.1) < 0.0001

Usual walking speed (m/s) 1.14 (0.24) 0.81 (0.24) 0.64 (0.22) < 0.0001

Measurements related to the presence of sarcopenia

Appendicular skeletal muscle mass adjusted by height (kg/m2) 6.61 (1.00) 6.52 (1.04) 6.07 (0.84) < 0.001

Prevalence of sarcopenia (%) 3.1 26.6 44.3 < 0.001

Measurements related to the presence of osteoporosis

BMD (L2–4) (g/cm2) 0.925 (0.206) 0.862 (0.202) 0.851 (0.222) < 0.001

BMD (femoral neck) (g/cm2) 0.643 (0.124) 0.596 (0.139) 0.565 (0.129) < 0.0001

Prevalence of osteoporosis (L2–4 or femoral neck; %) 21.3 38.7 50.8 < 0.001

n number of subjects, BMI body mass index, BMD bone mineral density, SD standard deviation
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Fig. 2 Prevalence of frailty and pre-frailty (%) in subjects aged ≥ 60 years, stratified by age and sex

Osteoporos Int (2018) 29:2181–2190 2185



Eligible subjects to estimate the cumulative incidence
of frailty

Among the 1083 participants aged ≥ 60 years in the second
survey for the assessment of frailty, 749 (69.2%, 248men, 501
women) completed all examinations for frailty, SP, and OP
(Fig. 1). Among the 749 completers, 20 (4 men, 16 women)
had already been diagnosed with frailty at the second survey.
Therefore, the number of participants at risk of frailty was 729
(244 men, 485 women).

Cumulative incidence of frailty

The cumulative incidence of frailty during the 4-year period
between the second and third surveys was 1.2%/year (men,
0.8%/year; women, 1.3%/year). The cumulative incidence of
SP for the total population at risk in the 60–64-, 65–69-, 70–
74-, 75–79-, and ≥ 80-year age groups was 0.3, 0.4, 1.5, 2.1,
and 2.5%/year, respectively (men, 0.0, 0.5, 0.9, 1.0, and 2.3%/
year, respectively; women, 0.4, 0.4, 1.8, 2.9, and 2.8%/year,
respectively). The incidence increasedwith age for all subjects
(p < 0.01). There was no significant difference in incidence
between men and women (p = 0.21).

Evaluation of the contribution of SP and OP
to the occurrence of frailty

Table 2 shows the comparison of subjects’ background char-
acteristics based on the occurrence or non-occurrence of OP
during the 4-year follow-up. Subjects with subsequent frailty
tended to be older and shorter at the baseline than those with-
out frailty. Moreover, among subjects with subsequent frailty,
11.8% had SP at baseline (p < 0.01, compared to non-frail
subjects). Similarly, among subjects with subsequent frailty,
44.1% had OP at baseline (p < 0.001, compared to non-frail
subjects).

Logistic regression analysis, using the occurrence of frailty
as the objective variable and the presence of SP and OP as the
explanatory variables, was performed after adjustment for age,
sex (0, men; 1, women), regional differences (0, mountainous
area; 1, coastal area), BMI, current smoking habit (0, ex or

never smoker; 1, current smoker), and alcohol drinking habit
(0, ex or never drinker; 1, current drinker). The analysis
showed that the presence of OP was a significant predictive
factor for the occurrence of frailty in the following 4 years
(odds ratio [OR], 3.07; 95% confidence interval [95% CI],
1.26–7.36; p = 0.012). However, the significant association
between SP and the occurrence of frailty was not retained
(Table 3).

We assessed the development of frailty with regard to the
baseline status of SP and OP. Among 729 subjects in the pop-
ulation at risk, 3.3% of subjects with neither SP nor OP (n =
580) developed frailty during the 4-year observation. Among
OP-only subjects (n = 125), 8.8% developed frailty, but among
SP-only subjects (n = 7), no individual developed frailty.
Finally, of subjects with both SP and OP (n = 17), 23.5% de-
veloped frailty during this period. Logistic regression analysis
using the occurrence of frailty as the objective variable and the
presence of OP alone as the explanatory variable was per-
formed after adjustment for the factors in the abovementioned
analysis. The analysis revealed that the risk of frailty signifi-
cantly increased with the presence of OP and both OP and SP
(vs. neither OP nor SP: OP alone; OR, 2.50; 95% CI, 1.04–
6.03; p = 0.041; OP and SP; OR, 5.80; 95%CI, 1.38–24.4; p =
0.017). The presence of both SP and OP raised the risk of
frailty to a much higher degree, compared to OP alone.

Discussion

In the present study, using information from the second and
third surveys of the population-based cohort ROAD, we clar-
ified the prevalence and cumulative incidence of frailty. In
addition, we found that the coexistence of SP and OP in sub-
jects with frailty was significantly higher than in those without
frailty. In the follow-up for 4 years from the second and third
surveys, we estimated the cumulative incidence of frailty.
Further, we found that the presence of OP significantly in-
creased the risk of frailty. Although SP did not significantly
affect the risk of frailty, the presence of both OP and SP in-
creased the risk of frailty to a much higher degree compared to
the presence of OP and SP alone.

Few studies have estimated the prevalence of frailty in the
Japanese population. One reason for this is the lack of an
established definition of frailty. Therefore, in the present
study, we used Fried’s definition of frailty, and the cutoff
values of grip strength and walking speed were determined
by the AWGS definition of SP [9]. With these criteria, we
estimated that the prevalence of frailty in persons aged ≥
60 years was 5.6% (men, 3.8%; women, 6.6%). Using the
age-sex prevalence of frailty converted using the Japanese
2010 census [27], our results indicate that approximately
2,200,000 people (560,000 men and 1,640,000 women) aged
≥ 60 years are affected by frailty.

Frailty

19.0

Osteoporosis

1.2

69.5

1.9

Sarcopenia

1.7 0.8

2.63.1

Fig. 3 Venn diagram showing the overlap of frailty, sarcopenia, and
osteoporosis in the entire population in the present study
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Table 2 Comparison of characteristics of the subjects at the second survey (baseline) classified by the occurrence or non-occurrence of frailty during a
4-year follow-up

Occurrence of frailty (population at risk, n = 729) (number of subjects, cumulative
incidence, %/year)

Non-occurrence
(n = 695)

Occurrence
(n = 34, 1.2%/year)

Significance (p)

Mean values (SD) and percentage of selected characteristics

Age (years) 69.9 (6.6) 75.2 (6.1) < 0.0001

Female sex, (%) 66.0 76.5 0.208

Height (cm) 154.9 (8.4) 150.5 (9.4) < 0.01

Weight (kg) 56.0 (9.7) 54.2 (10.3) 0.308

BMI (kg/m2) 23.3 (3.1) 23.9 (4.0) 0.239

Emaciation (BMI < 18.5 kg/m2; %) 4.6 2.9 0.649

Residing in a coastal area (%) 50.8 41.2 0.274

Current smoking habit (%) 7.7 6.1 0.725

Current alcohol drinking habit (%) 33.0 26.5 0.428

Mean values (SD) of selected measurements for frailty diagnosis

Unintentional weight loss (%) 15.7 14.7 0.878

Self-reported exhaustion (%) 9.6 26.5 < 0.01

Low physical activity (%) 2.5 5.9 0.219

Grip strength (maximum) (kg) 30.0 (8.4) 23.3 (6.8) < 0.0001

Usual walking speed (m/s) 1.16 (0.23) 0.91 (0.24) < 0.0001

Prevalence of pre-frailty (%) 6.2 38.2 < 0.001

Measurements related to the presence of sarcopenia

Appendicular skeletal muscle mass adjusted by height (kg/m2) 6.64 (0.98) 6.36 (0.79) 0.102

Prevalence of sarcopenia (%) 2.9 11.8 < 0.01

Measurements related to the presence of osteoporosis

BMD (L2–4) (g/cm2) 0.923 (0.195) 0.877 (0.208) 0.181

BMD (femoral neck) (g/cm2) 0.647 (0.121) 0.581 (0.098) < 0.01

Prevalence of osteoporosis (L2–4 and/or femoral neck; %) 18.3 44.1 < 0.001

n number of subjects, BMI body mass index, BMD bone mineral density, SD standard deviation

Table 3 Contributions of sarcopenia and osteoporosis to the occurrence of frailty

Reference OR 95% CI p

Objective variable

Frailty occurrence 0, no; 1, yes

Explanatory variables

Sarcopenia presence 0, no; 1, yes 1.59 0.43–5.92 0.490

Osteoporosis presence at the lumbar
spine L2–4 and/or femoral neck

0, no; 1, yes 3.07 1.28–7.36 0.012

Adjusted variables

Age (years) + 1 1.12 1.05–1.19 < 0.001

Sex 0, men; 1, women 1.54 0.57–4.16 0.393

Residing area 0, mountainous area; 1, coastal area 0.75 0.35–1.58 0.447

BMI (kg/m2) + 1 1.15 1.03–1.30 0.016

Current smoking habit 0, ex or never smoker; 1, current smoker 1.57 0.34–7.38 0.566

Current alcohol drinking habit 0, ex or never drinker; 1, current drinker 1.12 0.46–2.71 0.797

OR odds ratio, CI confidence interval, BMI body mass index
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In the present study, we also clarified the proportion of
the coexistence of frailty, SP, and OP in the ≥ 60-year-old
population, and 5.6% had frailty, 8.2% had SP, and 24.9%
had OP. Among the subjects with frailty, 30.4% had both SP
and OP, 14.3% had SP alone, 21.4% had OP alone, and the
remaining 33.9% had neither SP nor OP. In other words,
among subjects with frailty, approximately one third had
SP and OP, one third had SP or OP, and the remaining
one third had neither SP nor OP. This reveals that individ-
uals with frailty should be assessed for the coexistence of
bone and/or muscle weakness.

Few studies have estimated the incidence of frailty not only
in the Japanese population but also worldwide. In the present
study, we demonstrated that the cumulative incidence of frail-
ty in subjects aged ≥ 60 years in Japan was 1.2%/year. Using
the age-sex incidence of frailty converted using the Japanese
2010 census [27], our results indicate that approximately
490,000 people (140,000 men and 350,000 women) aged ≥
60 years are newly affected by frailty annually. Nevertheless,
there was no significant difference between men and women
in prevalence and incidence. However, the number of cases
involving women was 2.5-fold greater than that of men.

The logistic regression analysis using the occurrence of
frailty as an objective variable and the presence of SP and
OP each as an explanatory variable, after adjustment for con-
founding factors, revealed that the presence of OP significant-
ly increased the risk of frailty within 4 years (p < 0.05). We
previously ascertained that the presence of OP could predict
the occurrence of SP in the near future via an analysis of the
same population [10]. It might not be a surprising result, be-
cause in our definition of frailty in the present study, two of
Fried’s five items, namely grip strength and walking speed,
were determined using the AWGS criteria. That is, two of the
diagnostic criteria of frailty and SP overlapped, and all sub-
jects with SP were categorized into the pre-frailty group. The
present result might show that the presence of OP was asso-
ciated with the two overlapping items of SP and frailty.
Therefore, we examined the association between the presence
of OP and decrease in grip strength and decrease in walking
speed. The mean change of maximum grip strength during the
4-year observation period was − 1.29 (SD, 3.24) kg, and the
mean change in usual walking speed was − 0.13 (SD, 0.23) m/
s. Multiple regression analysis, using the change of grip
strength as the objective variable and the presence of OP as
the explanatory variable, was performed after adjustment for
age, sex, regional differences, BMI, current smoking habit,
and alcohol drinking habit, as used in the BResults^ section.
The analysis showed that the presence of OP was not signif-
icantly associated with the change in grip strength in the next
4 years (beta = 0.68, p = 0.098). Similarly, the multiple regres-
sion analysis, using the change in usual walking speed as the
objective variable and the presence of OP as the explanatory
variable, was also performed after adjustment for identical

factors to the analysis of grip strength. There was no signifi-
cant association between OP and neither the degree of change
in walking speed during 4 years (beta = − 0.054, p = 0.185).
These analyses showed that the presence of OP was not a
significantly sensitive predictor for the change in grip strength
and walking speed, which were common items of the criteria
of SP and frailty. OP might not only influence the overlapped
items of SP and frailty, or the 4-year follow-up period might
be too short to clarify the association of OP and changes in
grip strength and walking speed. Further, since frailty is a
cumulation of physical, social, and psychological factors,
OP might influence other unknown items which consisted of
the social and/or psychological factors for frailty. Further ob-
servation should be required to clarify why OP was associated
with the occurrence of not only SP, but also frailty.

Nevertheless, we could not find a significant association
between the presence of SP and the occurrence of frailty.
However, this does not suggest that SP treatment is not
effective for the prevention of frailty. As described above,
two of the diagnostic criteria of frailty and SP overlapped,
which means all subjects with SP were categorized into the
pre-frailty group. The logistic regression analysis using the
occurrence of frailty as an objective factor and the presence
of pre-frailty, replacing SP, as an explanatory variable, after
adjustment for identical confounding factors, revealed that
the presence of pre-frailty significantly increased the risk
of frailty within 4 years (OR, 4.75; 95% CI, 1.99–11.3;
p < 0.001). This suggests that among the diagnostic criteria
of SP, common items such as grip strength and walking
speed could be strong predictors for the development of
frailty. The contribution of the remaining criterion, low mus-
cle mass, to the occurrence of frailty might not be significant
in the 4-year observation. To conclude on the contribution of
SP, not pre-frailty, to the occurrence of frailty, a longer ob-
servation is required.

Further, we found that the coexistence of SP and OP in-
creased the risk of occurrence of frailty to a higher degree
compared to OP alone. This result also supports the fact that
SP management might help prevent frailty. The coexistence of
both SP and OP is referred to as BOSP^ [28] and has been
described as a Bhazardous duet,^ adding the propensity of falls
from SP to the vulnerability of the bones in OP [29]. Because
the term OSP is relatively new, few studies have assessed its
epidemiology. However, Wang et al., in a study of
community-dwelling Chinese older persons aged > 65 years
and comprising 164 men and 152 women, found a prevalence
of Bsarco-osteoporosis^ in 10.4% of men and 15.1% of wom-
en [29]. They also described that the likelihood of being frail
was substantially higher in the presence of sarco-osteoporosis
(OR 4.16 in men; OR 4.67 in women) [30]. However, no
report has elucidated the association between OSP and frailty.
Our present result adds new evidence that the likelihood of
becoming frail is substantially higher with OSP.
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There are several limitations to this 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 regions alone) may not be
representative of the general population. However, previously,
we compared the anthropometric measurements and lifestyle
factors, such as smoking and drinking habit, between the pres-
ent study participants and the general Japanese population
[10]. We found no significant differences between our partic-
ipants in the second ROAD survey and the Japanese popula-
tion, except for the proportion of current smokers and
drinkers, which tended to be lower in our study population
than in the general Japanese population, suggesting that the
participants of the present study led healthier lifestyles. This
selection bias should be taken into consideration when gener-
alizing the results obtained from the present study. Second, in
this study, the values of handgrip strength for both hands and
the 6-m walking test for the calculation of walking speed were
measured only once. Thus, we cannot exclude the effect of
incidental changes in the participants’ performance around the
examination date. To minimize the fluctuation of measure-
ments, recurrent measurements might be taken into consider-
ation. Finally, among 1083 participants in the second survey,
because of the non-completion of the measurements regarding
the assessments of frailty, SP, and OP in the third ROAD
survey, we could only use the information of 749 individuals
(69.2%, 248 men, 501 women). This withdrawal bias should
also be considered when generalizing our results.
Additionally, because the definition of frailty is unestablished,
we defined frailty using Fried’s five measurable characteris-
tics. However, the cutoff values of criteria such as walking
speed and grip strength are currently undetermined, and we
defined them according to the AWGS criteria [9]. A direct
comparison seems impossible unless the definitions are uni-
fied internationally. We hope the definition of frailty, includ-
ing the cutoff values, would be unified in the near future to aid
studies aimed at preventing disability in older people.

In conclusion, the present study estimated the prevalence
and cumulative incidence of frailty and indicated that the pres-
ence of baseline OP is significantly associated with the occur-
rence of frailty. Thus, OP prevention may be useful in reduc-
ing frailty risk, as well as osteoporotic fracture and SP risk.
Moreover, OSP is predisposed to a higher risk of frailty than
OP alone. Both OP and SP preventionsmay be the most useful
means to reduce the development of frailty. To prevent the
development of frailty, suitable management of OP or OSP
should be established, which needs to be nutritional and phys-
ical activity based, considering as well the social and psycho-
logical components. We have already collected detailed infor-
mation regarding the nutrition and physical activity and con-
tinue to observe the subjects at long term. In the near future,
we would like to clarify the individual risk factors for frailty
and contribute to its prevention.
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