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Abstract

Background Osteosarcopenia is a newly described, aging-associated condition. Social frailty is an important condition whose
prevalence may have risen by physical distancing during the coronavirus disease 2019 pandemic. However, the relationship
between these two remains unclear.

Aims To examine the association between osteosarcopenia and social frailty.

Methods This cross-sectional study was conducted using data from outpatients visiting general geriatric hospital frailty
clinics. Bone mineral density (BMD) and muscle mass were measured using dual X-ray absorptiometry. Osteoporosis was
defined as a BMD of <70% of the young adult mean, according to the Japan Osteoporosis Society. Sarcopenia was diagnosed
as per the Asian Working Group for Sarcopenia 2019 recommendation. Osteosarcopenia was defined as the co-existence of
osteoporosis and sarcopenia. We defined social frailty using a questionnaire comprising four items: general resources, social
resources, social behavior, and basic social needs. Ordinal logistic regression analysis was performed with social frailty
status and osteosarcopenia as the dependent and independent variables, respectively.

Results We included 495 patients (mean age=76.5+7.2 years) in the analysis; of these, 58.2% were robust and 17.2%, 13.5%,
and 11.1% had osteoporosis alone, sarcopenia alone, and osteosarcopenia, respectively. Social frailty prevalence increased
stepwise from 8.0% in robust patients to 11.8%, 17.9%, and 29.1% among those with osteoporosis alone, sarcopenia alone,
and osteosarcopenia, respectively (P <0.001). Logistic regression analysis revealed that only osteosarcopenia was signifi-
cantly associated with social frailty (pooled odds ratio: 2.117; 95% confidence interval: 1.104—4.213).

Discussion Comprehensive assessment of osteosarcopenia and social frailty is needed for disability prevention in older adults.
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Introduction
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Osteoporosis is a condition of decreased bone mineral den-
sity (BMD) [1] and is strongly associated with osteoporo-
tic fractures [2]. Sarcopenia is a skeletal muscle disease
associated with decreased muscle strength, muscle mass,
and physical function [3] as well as with falls, disability,
diseases, hospitalization, and death [4]. Bones and muscles
have strong interactions [5], and their structures and func-
tions decline in parallel with aging [6]. Therefore, consid-
ering osteoporosis and sarcopenia simultaneously is key to
preventing loss of independent life.

Osteosarcopenia is a newly described syndrome that
entails the co-existence of osteoporosis and sarcopenia [7].
It is reportedly associated with chronic diseases [8, 9], the
endocrine system [10, 11], frailty [8, 12], nutritional status
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[13], and physical function [14]. While osteosarcopenia
is associated with declining physical function, sarcopenia
and osteoporosis independently are not always associated
with physical function in community-dwelling older adults
[15]. Thus, osteoporosis and sarcopenia may have additive
or synergistic effects that may contribute to negative health
outcomes.

Frailty is one of the commonest geriatric syndromes
causing physical, psychological, and social challenges in
older adults [16]. Physical frailty indicates physical vulner-
ability [17], whereas social frailty reflects loneliness, eco-
nomic burden, and reduced social participation [18]. One
study reported a nearly 30% overlap between physical and
social frailty [19]. Social frailty is a risk factor for long-
term mortality and disability [19], and has a prevalence of
approximately 18-30% among community-dwelling older
adults [19, 20]. Furthermore, social frailty leads to physical
frailty [21]. Social frailty is an important condition, because
it is common among older adults and results in a loss of
independency in activities of daily living. Research on social
frailty is important, particularly for situations such as quar-
antines or isolations, which have recently arisen due to the
coronavirus disease 2019 pandemic [22].

Osteosarcopenia and social frailty are commonly associ-
ated with falls [23, 24] and fractures [23, 25]; however, the
relationship between these two conditions has not been elu-
cidated. Identifying the association between osteosarcopenia
and social frailty may help develop effective intervention
strategies for improved health and longevity and for prevent-
ing disability. Therefore, the present study aimed to examine
the association between osteosarcopenia and social frailty in
older patients who visited a frailty clinic.

Methods
Participants

This cross-sectional study was conducted among outpatients
who received consultation at a frailty clinic in a general geri-
atric hospital in Aichi (Obu, Japan). We extracted data from
the Frailty Registry Study, which involved outpatients visit-
ing the frailty clinics in the National Center for Geriatrics
and Gerontology, Japan, between June 2017 and July 2019.
The physical composition and function were evaluated dur-
ing the patient's first clinical visit. The inclusion criteria
were age > 65 years and the ability to walk independently.
The exclusion criteria were as follows: (1) presence of vis-
ual or hearing impairment that interfered with daily life, (2)
presence of obvious tetraplegia, (3) previous diagnosis of
dementia (including prescription of medications for demen-
tia), (4) progressive functional decline of the extremities
(e.g., Parkinson's disease), (5) being in the terminal stage of
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life, and (6) being deemed unsuitable for study registration
by the attending physician.

This study was conducted in accordance with the 1964
Declaration of Helsinki and received approval from the
Ethics Committees of the National Center for Geriatrics
and Gerontology (No. 1459) and the Niigata University of
Health and Welfare (No. 18521-201124). We obtained writ-
ten informed consent from the patients for registration in the
Frailty Registry Study.

Osteosarcopenia

Osteosarcopenia was defined as the co-existence of osteopo-
rosis and sarcopenia. BMD and muscle mass were measured
using dual X-ray absorptiometry (Lunar iDXA; GE Health-
care, Chicago, IL). BMD was measured at the femoral neck
and at L2-L4; the lower value was adopted. Muscle mass
was expressed using the skeletal muscle index (SMI), which
was calculated as the sum of the limb skeletal muscle mass
divided by the square of height (m).

Osteoporosis was defined by a BMD of <70% of the
young adult mean (YAM) (according to the Japan Osteo-
porosis Society criteria) [26]. Based on the World Health
Organization criteria, which are widely used for the diag-
nosis of osteoporosis, this is almost equivalent to a BMD
of <2.5 standard deviations below the YAM [27].

Sarcopenia was diagnosed as per the Asian Work-
ing Group for Sarcopenia (AWGS) 2019 consensus [28].
Calf circumferences (male: < 34 cm, female <33 cm) were
used to screen for sarcopenia, and low muscle mass was
defined by an SMI < 7.0 kg/m? for males and < 5.4 kg/m?
for females [28]. Decreased physical function was defined
as follows: gait speed < 1.0 m/s, five-time chair stand test
(5CST) time > 12 s, and short physical performance battery
(SPPB) score <9 points [28]. The gait speed is measured as
the comfortable walking speed on a 4-m flat floor [29]. The
5CST time is the time taken to stand up from a seated posi-
tion and sit down as quickly as possible for five times [30];
patients were instructed to cross their upper limbs in front
of their chests and not support them on armrests. The SPPB
is a physical function test comprising the standing balance,
gait speed, and SCST time [31]; it is scored on a scale of
0-12 points, with higher scores indicating better physical
functioning. Muscle strength was assessed using the hand-
grip strength: patients were evaluated in a standing position
with their upper limbs along the sides of their trunk. Muscle
weakness was defined by a handgrip strength <28 kg for
males and < 18 kg for females [28]. Patients scheduled for
orthopedic surgery (hip or knee arthroplasty: n=115) were
diagnosed as having sarcopenia based on their muscle mass
and strength, because hip or knee osteoarthritis may affect
the physical function.
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Social frailty

We defined social frailty using the questionnaire reported
by Yamada et al. [19], which is based on Bunt's social
frailty concept [32]. It comprised four items, namely gen-
eral resources, social resources, social behavior, and basic
social needs.

1. For general resources, we asked the patients, “Please
tell us about your financial condition.” The options included:
(a) “I have enough to help others”, (b) “I don't mind liv-
ing my life”, (c) “I need some help”, and (d) “I need full
assistance”. Answer (d) was considered indicative of “poor
general resources” and awarded 1 point.

2. For social resources, we asked the patients, "Do you
live with anyone?". A response of “living alone” was con-
sidered indicative of “poor social resources” and awarded
1 point.

3. For social behavior, we asked the patients whether they
participated in the following activities: (a) local festivals or
events, (b) community activities in the neighborhood, (c)
self-management groups, and (d) volunteering activities.
Non-participation in any of these was defined as “poor social
behavior” and awarded 1 point.

4. Regarding basic social needs, we asked the patients
about their relationships with their neighbors. The options
included: (a) “I have neighbors who go to each other’s
houses,” (b) “I have neighbors with whom I talk privately,”
(c) “I have neighbors that I occasionally meet and talk to,”
and (d) “T don't have any neighbors to talk to”. Answer (d)
was considered indicative of “poor basic social needs” and
awarded 1 point.

The total score was calculated from the four items: O, 1,
and > 2 points were defined as being socially robust, socially
prefrail, and social frail, respectively [19].

Other variables

From the registry, we extracted data on other factors,
including age, gender, body mass index (BMI), number of
comorbidities and medications, medications for osteoporo-
sis, educational history, mini nutritional assessment-short
form (MNA-SF) score [33], mini-mental state examination
(MMSE) score [34], and presence of physical frailty [17].
The MNA-SF is a nutritional screening tool, with scores
ranging from O to 14 points [33]. The MMSE is a screen-
ing test of cognitive function, with scores ranging from 0
to 30 points [34]. Physical frailty was assessed using the
Japanese version of the cardiovascular health study criteria
[35], which are based on the frailty phenotype [17]. Physi-
cal frailty was defined as the presence of three or more of
the following symptoms: shrinking, weakness, exhaustion,
slowness, and low activity [35].

Sample size calculation

A previous study reported that among older adults, the inci-
dences of muscle mass loss with and without social frailty
were approximately 60% and 40%, respectively [36]. We
assumed that the ratio of adults with osteosarcopenia to
adults without osteosarcopenia was approximately 1:4 [14].
Sample sizes were calculated using the Power and Sample
Size Calculation software, version 3.1.2 0 (Department of
Biostatistics, Vanderbilt University, Nashville, TN); at a
power of 0.8 and an alpha of 0.05 (two-sided), the current
study required at least 300 participants.

Statistical analysis

Patients were categorized as having social robust, osteoporo-
sis alone, sarcopenia alone, and osteosarcopenia. The patient
characteristics were compared between the four groups.
Continuous variables were compared using one-way analysis
of variance for parametric variables and the Kruskal-Wallis
test for non-parametric variables. The post hoc tests were the
Tukey—Kramer and Steel-Dwass tests, used as appropriate.
The Fisher's exact test was used to compare categorical vari-
ables. The proportion of social frailty in the four groups was
analyzed using the Cochrane—Armitage trend test.

To investigate the association between osteosarcopenia
and social frailty, we performed ordinal logistic regression
analysis with social frailty (robust, social prefrailty, frailty)
as the dependent variable and osteosarcopenia as the inde-
pendent variable. We included variables that were signifi-
cantly different in the four groups of potential confounders.
Multicollinearity between explanatory variables was deter-
mined using the variance inflation factor (VIF).

We also compared the proportion of patients with
severely decreased BMD or low sarcopenia-related indi-
cators (muscle mass, muscle strength, and physical func-
tion) in the four groups using the Cochrane—Armitage trend
test. Patients with osteoporosis were categorized into two
groups having mildly and severely decreased BMD using
the median. Furthermore, patients were also categorized into
three groups on the basis of sarcopenia-related indicators:
normal (indicators above the AWGS 2019-recommended
cut-off values) and mild and severe (indicators below the
cut-off value, divided by the median). We performed all sta-
tistical analyses using SPSS version 26.0 (IBM). A P value
of <0.05 was considered statistically significant.

Results
Of the 499 patients in the registry, 4 with missing values

were excluded; therefore, 495 patients were included in the
analysis. Among these, 288 (58.2%) patients were robust
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and 85 (17.2%), 67 (13.5%), and 55 (11.1%) patients had
osteoporosis alone, sarcopenia alone, and osteosarcopenia,
respectively. Compared to patients who were robust, patients
with osteosarcopenia were significantly older and had lower
BMI, MNA-SF scores, and MMSE scores. Osteoporosis
medication usage was the lowest among those with osteo-
sarcopenia (Table 1).

Regarding the social frailty status, 216 (43.6%), 218
(44.0%), and 61 (12.3%) patients were socially robust,
socially prefrail, and socially frail, respectively. The preva-
lence of social frailty increased stepwise from 8.0% among
robust patients to 11.8%, 17.9%, and 29.1% among those
with osteoporosis alone, sarcopenia alone, and osteosarco-
penia, respectively (P <0.001) (Fig. 1).

Regarding the social frailty components, financial diffi-
culties had the lowest proportion and lack of social activity
had the highest proportion (Table 2).

The results of the ordinal logistic regression analysis
for the social frailty status are shown in Fig. 2. Osteopo-
rosis alone and sarcopenia alone were not associated with
social frailty. Conversely, osteosarcopenia was significantly

Table 1 Demographic characteristics of the study participants

associated with social frailty (pooled odds ratio: 2.117;
95% confidence interval: 1.104—4.213). The VIF among the
explanatory variables was <2.0.

Figure 3 shows the results of comparisons between
groups with severely decreased BMD and low sarcopenia-
related indicators. There were significantly more patients
with osteosarcopenia than osteoporosis alone in the group
with severely decreased BMD (P =0.022) (Fig. 3a). Con-
versely, the proportion of patients with severely reduced
sarcopenia-related indications did not differ between patients
with osteosarcopenia and sarcopenia for any sarcopenia-
related indicators (Fig. 3b).

Discussion

Our study uncovered two novel findings. First, osteosarcope-
nia was significantly associated with social frailty, although
osteoporosis and sarcopenia alone were not. Second, osteo-
sarcopenia was not associated with the severity of sarco-
penia, but affected more patients with a severely decreased

Overall Robust Osteoporosis Sarcopenia Osteosarcopenia P value
(N=495) (N=288) alone alone (N=55)
(N=85) (N=67)
Age, years, mean (SD) 76.5(7.2) 74.9 (7.2) 77.2 (6.1)** 80.0 (6.2)%** 78.9 (8.1)*** <0.001
Women, n (%) 340 (68.7) 200 (69.7) 75 (90.4) 25 (36.8) 40 (70.2) <0.001
BMI, mean (SD) 23.7 (4.3) 252 (4.2) 23.7 (3.4)**2 20.9 (2.4)**ab 19.2 (2.9)**ab <0.001
Education, years, median (IQR) 12 (9-12) 12 (9-14) 12 (9-12)" 12 (9-12) 11 (9-12) 0.001
Number of comorbidities, N (%) 0.694
0 17 (3.4) 13 (4.5) 2(24) 1(1.5) 1(1.8)
1-3 207 (41.9) 125 (43.6) 34 (40.0) 26 (38.8) 22 (40.0)
>4 270 (54.7) 149 (51.9) 49 (57.6) 40 (59.7) 32 (58.2)
Number of medications, N (%) 0.061
0 39 (7.9) 27 (9.4) 6(7.1) 3(4.5) 3(5.5)
1-4 185 (37.4) 115 (39.9) 34 (40.0) 15 (22.4) 21(38.2)
>5 271 (54.7) 146 (50.7) 45 (52.9) 49 (73.1) 31 (56.4)
Medication for osteoporosis, N (%) 36 (7.3) 17 (5.9) 8(9.4) 10 (14.9) 1(1.8) 0.025
MNA-SF, median (IQR) 13 (11-14) 13 (12-14) 12 (11-14) 12 (10-13)*** 11 (9-12)%*d*¢ <0.001
MMSE, median (IQR) 27 (25-29) 28 (26-30) 27 (25-29) 26 (23-28)*** 26 (24-28)*** <0.001
Physical frailty, N (%) 154 (31.1) 60 (20.8) 34 (40.0) 28 (41.8) 32 (58.2) <0.001

Statistical analysis: one-way analysis of variance for parametric variables, the Kruskal-Wallis test for non-parametric variables, and the Fisher’s
exact test for categorical variables. Post-hoc tests: the Tukey—Kramer test for parametric variables, the Steel-Dwass test for non-parametric vari-

ables

SD standard deviation, BMI body mass index, /IQR interquartile rage, MNA-SF Mini Nutritional Assessment-short form, MMSE Mini-Mental

State Examination
*P<0.05
##*P<0.01

Significant differences: compared with robust

®Compared with osteoporosis alone

“Compared with sarcopenia alone
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Fig. 1 The prevalence of social
frailty in osteosarcopenia.
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Table 2 The association between osteosarcopenia and social frailty components

Overall Robust Osteoporosis alone Sarcopenia alone Osteosarcopenia P value
Social frailty component
Financial difficulties 1(0.2) 0(0) 0(0) 1(1.5) 0 (0) 0.246
Influential contact with neighbors 41 (8.3) 15(5.2) 3(3.5) 10 (14.9) 13 (23.6) <0.001
Living alone 77 (15.6) 43 (14.9) 20 (23.5) 6(9.0) 8 (14.5) 0.091
Lack of social activity 224 (45.3) 110(38.2) 41 (48.2) 35(52.2) 38 (69.1) <0.001
Statistical analysis: the Fisher’s exact test
Fig.2 Multivariate analyses Adjusted pooled odds ratio
for social frailty status. Ordinal Factors (95% confidence interval) P-value
logistic regression analysis for
social frailty status. Osteosar- Robust (reference)
copenia showed a significant - Osteoporosis alone ——e— 1.264 (0.772, 2.071) 0.352
association with the social
frailty status (pooled odds ratio: - Sarcopenia alone ———e— 1.405 (0.746, 2.645) 0.293
2.117; 95% confidence interval: . . , 117 (1,084, 8213
1.064-4.213) - Osteosarcopenia } ® | 117 (1.064, 4.213) 0.033
Age 2 1.049 (1.021, 1.079) 0.001
Female —e— 1.674 (1.089, 2.571) 0.019
Body mass index ol 1.019 (0.966, 1.072) 0.473
Education I-QI 0.970 (0.897, 1.049) 0.443
Medication Py i 0.686 (0.349, 1.350) 0.275
(osteoporosis)
MNA-SF I-.-I 0.946 (0.854, 1.048) 0.289
MMSE 1o 1.011 (0.949, 1.077) 0.730
Physical frailty —e—— 2.126 (1.432, 3.155) <0.001
025 05 1 2 4 8

Adjusted odds ratio
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Fig.3 Comparison of the sever- a b

ity of osteoporosis and sarcope-
nia-related indicators according
to the osteosarcopenia status. a
Osteoporosis-related indicators.
Using the median value, the
bone mineral density of patients
with osteoporosis was catego-
rized into two groups (mildly
and severely decreased groups).
b Sarcopenia-related indicators.
Patients were categorized into
three groups: normal (above the
AWGS 2019-recommended cut
off value) and mild and severe
(divided by the median among
those with values below the cut
off). *P=0.022 for patients with
severely reduced BMD, using
the Cochrane—Armitage trend
test. OP osteoporosis alone, OS
osteosarcopenia, SA sarcopenia

alone, 5CST five-time chair Y OoP 0s SA

stand test, SPPB short physical

BMD (YAM)*
performance battery

BMD. Our findings clarify the relationship between osteo-
sarcopenia and social frailty and also elucidate some of the
pathogenesis of osteosarcopenia.

We found that osteosarcopenia was associated with social
frailty; a cross-sectional association between sarcopenia-
related indicators (such as muscle weakness) and social
frailty has previously been reported in community-dwelling
older adults [20]. An association between sarcopenia and
activity restriction has also been reported [37]. The results
of these previous studies suggest that osteosarcopenia,
potentially within sarcopenia, may be strongly associated
with social frailty. None of the studies has shown a causal
relationship between osteosarcopenia and social frailty,
although several studies have demonstrated that social iso-
lation and loneliness lead to physical inactivity [38, 39].
Because physical inactivity causes atrophy of the bone and
muscle tissues [40], which in turn may lead to the develop-
ment and progression of sarcopenia and osteoporosis [41,
42], it is reasonable to assume that social frailty contributes
to osteosarcopenia. Regarding interventions for social frailty,
participation in communities that promote social interactions
among older residents has been reported to reduce the risk of
disability [43]. Activities, such as joining a health-promoting
exercise group, may promote behavioral changes [44] and
prevent osteosarcopenia. The reverse causality assumption
would be that osteosarcopenia is the cause of social frailty.
However, to our knowledge, only few studies have examined
this.

Osteosarcopenia is a new concept and remains contro-
versial, as its definition slightly differs across studies. Some
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studies have included osteopenia in the definition of osteo-
sarcopenia [10, 23]. However, we included osteoporosis in
the definition of osteosarcopenia, because it is more rea-
sonable to show the impact of osteosarcopenia, rather than
of sarcopenia as a skeletal muscle disease or osteoporosis
as a bone disease, on the patient outcomes. Notably, it has
been consistently reported that osteosarcopenia entails the
co-existence of a low BMD and low muscle mass, muscle
strength, and physical function; thus, osteoporosis and sar-
copenia may have additive or synergistic effects leading to
negative health outcomes. In a cross-sectional study by Huo
et al. [45], osteosarcopenia was associated with more self-
reported past falls and fractures as compared to sarcope-
nia and osteoporosis alone. Although longitudinal studies
are needed to clarify the impact of osteosarcopenia on the
adverse outcomes, we believe that the co-existence of osteo-
porosis and sarcopenia, which is common in older adults,
may be an important point to consider for preventing future
disabilities and extending longevity.

There is no golden standard definition of social frailty.
The definition by Yamada et al. [19], which we adopted in
this study, is based on the concept of social frailty put forth
by Bunt et al. [32]. This concept identified four social factors
necessary for maintaining the well-being of older adults:
general resources, social resources, social behavior, and
basic social needs. Yamada et al.’s definition encompasses
all four factors, and the absence of any one impairs the well-
being, leading to disability and mortality [19]. The devel-
oped definition of social frailty implicates it as a risk factor
for negative health outcomes and is necessary for validating
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the definition. Hence, we believe that the definition of Yam-
ada et al. that we have adopted is worthy of use. Meanwhile,
some new criteria for social frailty have been reported [46],
and the concept needs to be unified in future studies.

Another novel finding of our study was that osteosarcope-
nia was not associated with sarcopenia severity, i.e., the skel-
etal muscle mass, muscle strength, and physical function;
however, it affected more patients with a severely decreased
BMD. Nonetheless, the causal relationship between social
frailty and osteoporosis (as well as osteoporotic fractures)
remains unclear. Social frailty has previously been reported
to be associated with cardiovascular diseases [47], dementia
[48], and disability [49]. Conversely, patients with hip frac-
tures have been reported to exhibit a high rate of social isola-
tion prior to the fractures [25, 50], and longitudinal studies
have reported that solitary living and social isolation are risk
factors for falls [24] and fall-related injuries [51]. Therefore,
it is possible that social frailty leads to the progression of
osteoporosis through decreased physical activity [52]. In
this study, the population included may be the reason why
osteosarcopenia was not associated with sarcopenia sever-
ity: we used a registry that enrolled ambulatory outpatients
with independent activities of daily living, which may have
resulted in the lower prevalence of a severe decrease in the
sarcopenia-related indicators.

There are several limitations to our study. Our study
shows a cross-sectional association between osteosarcope-
nia and social frailty, and the causal relationship between the
two is yet to be elucidated; longitudinal studies must clarify
this. Furthermore, a reciprocal interaction between osteosar-
copenia and social frailty should also be noted. Second, any
generalization of this study’s findings needs to be carefully
re-evaluated because we included outpatients with untreated
osteoporosis attending a frailty clinic. Third, we could not
examine which factors contributed to a closer association
between social frailty and osteosarcopenia. Finally, this
study included outpatients who visited a frailty clinic; thus,
we need to be careful while generalizing the study findings
to community-dwelling older adults.

Conclusions

We found that osteoporosis or sarcopenia alone was not
associated with social frailty, whereas osteosarcopenia was
significantly associated with social frailty. Furthermore,
while osteosarcopenia was not associated with the sever-
ity of sarcopenia, it affected more patients with a severely
decreased BMD. Further studies are needed to clarify the
causal relationship between osteosarcopenia and social
frailty for improved health and longevity and for prevention
of disability in older adults.
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