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Abstract: Osteopenia/osteoporosis and sarcopenia are common geriatric diseases among older adults
and harm activities of daily living (ADL) and quality of life (QOL). Osteosarcopenia is a unique
syndrome that is a concomitant of both osteopenia/osteoporosis and sarcopenia. This review aimed
to summarize the related factors and clinical outcomes of osteosarcopenia to facilitate understanding,
evaluation, prevention, treatment, and further research on osteosarcopenia. We searched the literature
to include meta-analyses, reviews, and clinical trials. The prevalence of osteosarcopenia among
community-dwelling older adults is significantly higher in female (up to 64.3%) compared to male
(8-11%). Osteosarcopenia is a risk factor for death, fractures, and falls based on longitudinal studies.
However, the associations between osteosarcopenia and many other factors have been derived based
on cross-sectional studies, so the causal relationship is not clear. Few studies of osteosarcopenia
in hospitals have been conducted. Osteosarcopenia is a new concept and has not yet been fully
researched its relationship to clinical outcomes. Longitudinal studies and high-quality interventional
studies are warranted in the future.

Keywords: sarcopenia; osteoporosis; osteosarcopenia

1. Introduction

As the aging population grows, the number of older adults with multiple comor-
bidities has increased. Age-related deterioration of the structure and function of the
musculoskeletal system, which is composed of bone and muscle, is common in the el-
derly [1,2]. The musculoskeletal system plays an important role not only in activities of
daily living (ADL), such as walking, but also in metabolism [3]. Reduced functioning of
the musculoskeletal system leads to falls and fractures [4] and significantly reduces ADL
and quality of life (QOL) [5].

Osteopenia/osteoporosis and sarcopenia are common geriatric diseases among older
adults that harm ADL and QOL. Osteopenia/osteoporosis is a condition of reduced bone
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mineral density (BMD) [3] that is strongly associated with the development of fragility
fractures [4]. Meanwhile, sarcopenia is a skeletal muscle disease that presents with muscle
mass loss, muscle weakness, and loss of physical function [6]. Sarcopenia is strongly associ-
ated with falls, disability, disease, hospitalization, and death [7]. Osteopenia/osteoporosis
and sarcopenia have proven their association in a meta-analysis [8]. Therefore, considering
both osteopenia/osteoporosis and sarcopenia at the same time is a key strategy to prevent
disability and poor QOL. In order to link osteopenia/osteoporosis with sarcopenia, a new
concept called osteosarcopenia has recently emerged.

Osteosarcopenia is a unique syndrome that is a concomitant of both osteopenia/
osteoporosis and sarcopenia [9]. Bones and muscles show strong interactions with each
other [10]. Osteopenia/osteoporosis and sarcopenia have common risk factors, such as
aging; sex; inactivity; reduced vitamin D; the growth hormone, insulin-like growth factor I;
and testosterone [10]. However, given osteosarcopenia is a new concept, its epidemiology
has not yet been fully researched.

Understanding the relationship between osteosarcopenia and clinical outcomes is
essential for the development of clinical research on the topic, but this relationship is not
yet fully understood. Most reviews have focused on the common pathological factors of
osteopenia/osteoporosis and sarcopenia and have explained the pathogenesis of osteosar-
copenia. This review aimed to summarize the related factors and clinical outcomes of
osteosarcopenia to facilitate the understanding, evaluation, prevention, treatment, and
further research on osteosarcopenia.

2. Materials and Methods
2.1. Data Sources and Search Strategy

This review was conducted in adherence to the guidelines of the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) [11]. We conducted a liter-
ature search using PubMed (MEDLINE), Cochrane Central Register of Controlled Trials
(CENTRAL). The following search terms were used for the literature search: Sarcopenia,
osteopenia, osteoporosis, and osteosarcopenia.

2.2. Study Selection
2.2.1. Inclusion Criteria

We set the following inclusion criteria for the included studies in this review: (1) Stud-
ies including participants in any setting, including those living in communities and hospi-
talized; (2) studies including participants of all sexes and races; (3) studies examining the
impact of osteosarcopenia on clinical outcomes; (4) studies comprising clinical outcomes
including death, fracture, falling, frailty, chronic diseases, physical functions, nutritional
status, endocrine system, mobility, and any other clinical outcome; and (5) observational
and intervention studies.

2.2.2. Exclusion Criteria

Editorials, case reports, letters to the editor, animal studies, and conference abstracts
were excluded.

2.3. Data Extraction

We extracted the following information from the included studies: the names of the
first author; year of publication; country of origin; study design; study setting; study
sample size; age of participants; sex prevalence; measurement of muscle mass, muscle
strength, and BMD; diagnosis criteria including sarcopenia, osteoporosis/osteopenia, and
osteosarcopenia; osteosarcopenia prevalence; main study outcomes; and main results.

2.4. Quality Assessment

We assessed the quality of the included study using both the National Institutes of
Health Quality Assessment tool for Observational Cohort and Cross-Sectional Studies and
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the Quality Assessment of Controlled Intervention Studies [12]. This quality assessment
tool consisted of 14 assessment items in each study design. We have scored these items
and classified the included studies as “good,” “fair,” or “poor.” (Supplementary Tables S1
and S2).

3. Results
3.1. Diagnosis
3.1.1. Osteopenia/Osteoporosis

Osteopenia/osteoporosis is diagnosed using the World Health Organization (WHO)
criteria [13], and bone mineral density (BMD) is measured by dual X-ray absorptiometry
(DXA). Osteopenia is defined as a BMD between —1.0 and —2.5 in standard deviations
(SDs) for a young healthy adult (T-score), and osteoporosis as a BMD of —2.5 SDs or
below [13]. Some studies on Japanese individuals have used the Japan Osteoporosis Society
(JOS) criteria. Osteoporosis by JOS criteria is defined as a mean BMD of young adults
<70% [14]. Even when the JOS criterion is used, there is little difference from the values of
a T-score less than —2.5 SD as presented in the WHO criteria [14].

3.1.2. Sarcopenia

Sarcopenia has been defined as the presence of low muscle mass and low muscle
strength and/or physical function [7]. The most widely used diagnostic criteria are the
European Working Group on Sarcopenia in Older People (EWGSOP) criteria [15], updated
EWGSOP criteria [16], the Asian Working Group for Sarcopenia (AWGS) criteria [17],
and the updated AWGS 2019 [18]. DXA is recommended as the preferred instrument
for muscle mass measurement in each criterion. When using DXA, the cut-off value for
muscle mass in the updated EWGSOP criteria is 7.0 kg/m? for males and 5.5 kg/m?
for females [16], and the AWGS 2019 criteria is 7.0 kg/ m? for males and 5.4 kg/ m? for
females [18]. Muscle strength is measured by grip strength. Gait speed, the 5-time chair
stand test, and the Short Physical Performance Battery (SPPB) are recommended to measure
physical function [16,18].

3.1.3. Osteosarcopenia

Osteosarcopenia is a syndrome in which osteopenia/osteoporosis and sarcopenia
coexist [9]. The criteria are not consistent, given some studies refer to osteopenia and
sarcopenia, whereas others refer to osteoporosis and sarcopenia as osteosarcopenia.

Osteosarcopenic obesity is a syndrome in which osteosarcopenia and obesity coex-
ist [19]. Definition of obesity is based on the WHO criteria of >35% body fat for women
younger than 60 years [20] and >40% body fat for women aged 60 years and older [21]; for
osteosarcopenic obesity [22].

3.2. Prevalence of Osteosarcopenia

The prevalence of osteosarcopenia among community-dwelling older adults is sig-
nificantly higher in women compared with men. It has been reported that up to 64.3% of
women had osteosarcopenia, compared with 8-11% of men among community-dwelling
older adults (Table 1). Women have reduced estrogen secretion after menopause and are
more likely to suffer from osteoporosis [4].
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Table 1. Assessment, prevalence, and impact of osteosarcopenia on clinical outcomes in community-dwelling older adults.

Author, Year, Design, Age
Cour; ¢ ’ Set ti§1 ! Sample Size Measurements Diagnosis Prevalence Outcomes Main Results
Yy & Male/Female, n (%)
>80 years old (OR 4.8; 95% CI,
3.05-10.76), women (OR 2.6; 95% CI,
1.18-2.76), and higher level of
comorbidity (OR 3.71; 95% CI) were
Wang, YJ. Cross-sectional Men: 75.6 + 4.8 Muscle mass: BIA Sarcopenia: AWGS independently associated with the
etal. study, Women: 74.9 £ 5.2 Muscle strength: Os tEOPOI‘OSi.S' WHO Men: 10.4% Frailty (Frailty likelihood of being osteosarcopenia.
2015 [23] Community- 316 grip strength pcriterie; Women: 15.1% Phenotype) The likelihood of being frail /prefrail
China dwelling 164(51.9)/152(41.8) BMD: DXA was substantially higher in the
presence of osteosarcopenia (OR
4.16; 95% CI, 2.17-17.65 in men; and
OR 4.67; 95% CI, 2.42-18.86
in women).
Osteosarcopenia patients are older,
Muscle s o DSEmSn sy women et igh ik o
Huo YR et al. study, Mean 79 DXA Sarcopenia: EWGSOP i P .
. . . o Comorbidity BMI < 25, and showed a higher
2015 [24] Patients referred N =679 Muscle strength: ~ Osteopenia, osteoporosis: 37% Historv of tratma revalence of peptic disease
Australia to the Falls and 224(35) /455(65) grip strength WHO criteria Y P pep .
.. fracture inflammatory arthritis, maternal hip
Fractures Clinic BMD: DXA . . .
Mobility fracture, history of a traumatic
fracture, and impaired mobility.
Osteosarcopenia:
78+75
Sarcopenia: 76 + 6.1 The 50th percentile of
Osteopenia/ osteoporosis: each .se.x Only osteosarcopenia showed
Cross-sectional 81 & 5.0 Sarcopenia: aLM significantly reduced hand grip
Drey Met al. stud Control: 74 + 6.4 Muscle mass: Female: <6.398 kg/m? Physical performance  strength, increased chair rising time
2016 [25] V. N =68 DXA Male: <7.367 kg/m? 27.9% ysicalp st [ISING tme,
Community- . . . Bone turnover and sit to stand power time as well
Germany . Osteosarcopenia: BMD: DXA Osteopenia/osteoporosis S .
dwelling o o as significantly increased bone
32%/68% I-score turnover markers
Sarcopenia: 29%/71% Female: <—0.6, Male: '
Osteopenia/osteoporosis: <-0.9

29%/71%
Control: 33%/67%
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Table 1. Cont.

Author, Year, Design, Age . . . .
Country Setting Sample Size Measurements Diagnosis Prevalence Outcomes Main Results
Male/Female, n (%)
Sarcopenia: FNIH
Crosz_tiecfhonal Muscle mass: Osteo erlcil;ltf)l;ltaeo Orosis: SPPB Phl:el:cl)ltty fziﬁiﬁggégg¥f :rfglltZOr
Szlejf C et al. y Mean 71.3 £9.5 DXA penia, osteop " Osteosarcopenic Frailty op b
(of a prospective WHO criteria . . physical performance measured by
2017 [22] N =427 Muscle strength: . o obesity (Frailty Phenotype, .
. cohort), . Obesity: WHO criteria o the SPPB were independently
Mexico ; (all women) grip strength o 19% (N = 81) GFST, . . .
Community- BMD: DXA (>35% body fat < 60 the FRAIL scale) associated with osteosarcopenic
dwelling ' years, >40% body fat > obesity, controlled by age.
60 years)
Surivaarachchi Cross-sectional Muscle mass: Subjects with high PTH levels were
P ei,al 2018 study, Mean 79 DXA Sarcopenia: EWGSOP more likely to be in the
[2&)] Patients referred N = 400 Muscle strength: ~ Osteopenia, osteoporosis: 40% Serum PTH osteosarcopenia than in the
Australia to the Falls and - grip strength WHO criteria non-sarcopenic or non-osteopenic
Fractures Clinic BMD: DXA (OR 6.88; CI: 1.9-9.2).
Sarcopenia: ASM less Women with higher dietary
Cross-sectional than 1 SD below the Osteosarcopenia: inflammatory index scores were
Susan Park stud Mean 62.34 + 0.31 Muscle mass: average of women aged 314 (24.1%) Dietary inflammator more likely to have risk of
etal. 2018 [27] Commu}rlllit : N =1344 DXA 20-40 years Osteopenia, = Osteosarcopenic in}élex scores y osteopenic obesity (OR = 2.757, 95%
Korea dwellin y (all women) BMD: DXA osteoporosis: WHO obesity: 455 CI: 1.398-5.438, p < 0.01) and that of
8 criteria (31.8%) osteosarcopenic obesity (OR = 2.186,
Obesity: BMI >25 kg/m? 95% CI: 1.182-4.044, p < 0.05).
Only men with osteosarcopenia had
. Muscle mass: . . significantly increased fall (RR 1.41;
Scott D et al. Obsglvlghonal Mean 76.7 + 5.4 DXA Oi:gof;fgaéizgcioozs_ In%di“; fr:;z‘;)res 95% CI: 1.02 to 1.95) and fracture
2019 [28] a N =1575 Muscle strength: pena, 0steop : 8% o= 4y risk (HR: 1.87; 95% CI: 1.07 to 3.26)
. Community- . WHO criteria Incident falls (for ; . .
Australia dwellin (all men) grip strength Obesity: BMI >25 ke /m? 2 years) compared with men with neither
& BMD: DXA y: & y osteopenia/osteoporosis
nor sarcopenia.
Cross-sectional In osteosarcopenic men, IGF1-SDS
Poggiogalle E stud Mean 92 + 2 year Muscle mass: Sarcopenia: low ALM values were lower than those in
et al. 2019 [29] Commu}r];i - N=87 DXA Osteopenia, osteoporosis: 31% IGF-1 control males whereas IGF1-SDS
USA dwellingy 37(42.5)/50(57.5) BMD: DXA WHO criteria were similar in the other body

compositions phenotypes in female.
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Table 1. Cont.

Author, Year, Design, Age
Coul{ ¢ ’ Se tti1g1 ’ Sample Size Measurements Diagnosis Prevalence Outcomes Main Results
y & Male/Female, n (%)
Mortality risk was significantly
Sarcopenia: in the lowest higher only in participants with
Muscle mass: 20% of the sex-specific osteosarcopenia (RR = 1.49, 95% CI:
Balogun S Prospective DXA ’ distribution for 1.01-2.21) compared to without
& : study, Mean 62.9 £ 7.4 ALM/BMI or grip o Mortality over 10 years sarcopenia or osteopenia.
etal. 2019 [30] . Muscle strength: 8.3% .
. Community- N =1032 . strength Fractures over 10 years Osteosarcopenia and
Australia . grip strength . T
dwelling Osteopenia, osteodynapenia did not lead to a
BMD: DXA ) L
Osteoporosis: WHO significantly greater fracture or
criteria mortality risk compared to having
these conditions on their own.
BMI and back muscle strength were
significantly lower in
Kobayashi K. Cross-sectional Mean 71.4 years Muscle mass: Sarcopenia: AWGS All subjects: 8% osteosarcopenia than in sarcopetua
study, . o . . alone (p <0.05); and weight, BMI,
etal. 2019 [31] Community- N =427 DXA Osteoporosis: Females: 12% Physical function bodv fat. erip streneth. and back
Japan ity 205(48.0)/222(52.0) BMD: DXA JOS-criteria Males: 4% y 1at, grip Strength, anc
dwelling muscle strength were significantly
lower in osteosarcopenia than in
osteoporosis alone (p < 0.05).
BMI (PR 0.84, 95% CI 0.81-0.88 in
men and 0.77, 95% CI 0.74-0.80 in
women), high-fat mass was
Osteosarcopenia: Muscle mass: positively associated with
Fahimfar N Cross-sectional pema: ’ . osteosarcopenia [PR 1.46 (95% CI
Mean 71.2 DXA Sarcopenia: AWGS . .
etal. et al. study, . . Men: 33.8% Risk factor of 1.11-1.92) in men, and 2.25 (95% CI
. Non: Mean 68.3 Muscle strength: ~ Osteopenia, osteoporosis: o . . . .
2020 [32] Community- . L Women: 33.9%  cardiovascular diseases 1.71-2.95) in women], Physical
Iran dwellin N =2353 grip strength WHO criteria
& 1148(48.8)/1205(51.2) BMD: DXA

activity in men (PR = 0.64, 95% CI
0.46, 0.88), diabetes in men (PR 1.33,

95% CI 1.04-1.69) was showed a
direct association with

osteosarcopenia.
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Table 1. Cont.

Author, Year, Design, Age
Coul{ ¢ ’ Se tti1g1 ’ Sample Size Measurements Diagnosis Prevalence Outcomes Main Results
y & Male/Female, n (%)
Osteosarcopenia group had a
greater risk of frailty than did those
in the osteoporosis alone (OR 2.33;
Cross-sectional 95% CI, 1.13—4.80, p = 0.028).
stud Muscle mass: Low BMI seemed to be the strongest
Okamura H Y DXA Sarcopenia: AWGS Frailty (Frailty factor related to the development of
Regularly Mean 77.07 . . o .
et al. 2020 [8] visited N =276 Muscle strength: Osteoporosis: 19.6% Phenotype) osteosarcopenia.
Japan Universit h grip strength JOS-criteria Risk factors Multiple logistic analyses revealed
Hos italy BMD: DXA that patients aged 65-74 years who
P had comorbidities such as kidney
dysfunction and high levels of
HbA1lc were at risk of
developing osteosarcopenia.
Osteosarcopenia was associated
with worse SPPB, TUG, FSS, limit of
stability, and falls and
Septlveda- Cross-sectional Muslgl;zzlass: Sarcopenia: EWGSOP, Falls Osteosarg)acélriirgs(l?;isrtlorzhe severe
Loyola W study, Mean 77.9 + 0.42 EWGSOP?2, FNIH . . copetia \ushe
. Muscle strength: . . 11-21% Past fractures in the sarcopenia classification) conferred
et al. 2020 [33] Community- N =253 . Osteopenia, osteoporosis: )
Australia dwelling grip strength WHO criteria past 5 years an increased rate of falls (OR from
BMD: DXA 2.83 to 3.63; p < 0.05 for all) and
fractures (OR from 3.86 to 4.38;
p < 0.05 for all) when employing the
EWGSOP2 and FNIH definitions.
. Cox Regression analysis, the hazard
Observational Muscle mass: Mortality ratio for death in people with
Salech F et al. DXA Sarcopenia: EWGSOP .
study, Mean 72 4+ 6.7 . . o Fracture osteosarcopenia was 2.48. Falls,
2020 [34] . Muscle strength: Osteopenia, osteoporosis: 16.4% .
. Community- N=1119 . L Falls fractures, and functional
Chile . grip strength WHO criteria . o . . e
dwelling BMD: DXA Functional limitations  impairment were significantly more

frequent in osteosarcopenic patients.

Abbreviations: BIA—Bioimpedance analysis; BMD—Bone mineral density; DXA—Dual-energy X-ray absorptiometry; AWGS—Asian Working Group for Sarcopenia; EWGSOP—European Working Group on
Sarcopenia in Older People; WHO—World Health Organization; OR—Odds ratio; CI—Confidence interval; BMI—Body mass index; aLM—Appendicular lean mass; FNIH—Foundation for the National Institutes
of Health; SPPB—Short Physical Performance Battery; GFST—Gerontopole Frailty Screening Tool; PTH—Parathyroid hormone; ASM—Appendicular skeletal mass; SD—Standard deviation; HR—hazard ratio;
IGF1—-SDS—Insulin-like growth factor 1 Standard Deviation Scores; RR—Relative risk; JOS—Japan Osteoporosis Society; TUG—Timed Up and Go test; FSS—Four-Square Step test.
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Few studies of osteosarcopenia in hospitals have been conducted. Studies have been
conducted only on hip fractures, liver disease, and primary biliary cholangitis (Table 2).
In female hip fracture patients, the prevalence of osteosarcopenia was 28.7-65.7% [35,36].
The prevalence of osteosarcopenia in patients with liver disease was 16.8-21.8% [37,38]
and 15.4% in patients with primary biliary cholangitis [39].

3.3. Osteosarcopenia as a Risk of Poor Clinical Outcomes

Osteosarcopenia is associated with many factors. Osteosarcopenia is a risk factor
for death, fractures, and falls based on longitudinal studies. However, given the asso-
ciations between osteosarcopenia and many other factors have been derived based on
cross-sectional studies, the causal relationship is not yet clear (Figure 1).

Frailty

Chronic
disease

Physical » Mortality

function

" _ .
Nutrition Osteosarcopenia racture
Endocrine Falling
system
Aging

Sex

Figure 1. Osteosarcopenia and related factors. Lines indicate cross-sectional associations and arrows
indicate longitudinal associations.

3.3.1. Mortality

Osteosarcopenia is a risk factor for mortality. In a prospective observational study
of 1032 community-dwelling older adults in Australia, osteosarcopenia had significantly
higher 10-year mortality compared with those without sarcopenia or osteopenia (relative
risk [RR] 1.49, 95% CI1.01—-2.21) [30]. Also, in a study of community-dwelling older adults
in Chile, osteosarcopenia was associated with significantly higher mortality compared with
those without sarcopenia or osteopenia (hazard ratio [HR] 1.81, 95% CI 1.09—2.98) [34].
In a study of hip fractures, those with osteosarcopenia had a higher risk of mortality than
those with sarcopenia, osteoporosis, and normal BMD [35]. These results suggest that
osteosarcopenia is a risk factor for mortality in community-dwelling older adults and
patients with hip fractures.
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Table 2. Assessment, prevalence, and impact of osteosarcopenia on clinical outcomes in a hospital setting.

Age
Atgl(::::;tYear, Design, Setting Disease Sample Size Measurements Diagnosis Prevalence Outcomes Main Results
y Male/Female, N (%)
. . .. The 1-year mortality of
Yoo J Il etal. 5;;22?};?;;2:1 Mean 77.8 + 9.7 Mhlf;izlst?;issthw?i Sarc((;gtz r(;laérﬁ;/VGS osteosarcopenia (15.1%) was
2018 [35] stud Hip fracture N =324 stren ;Oyh " 8P osteo oroPs) s V\;HO 28.7% 1 year mortality higher than that of other groups
Korea . uay 78(24.1)/246(75.9) ) & pOTOSIS: (normal: 7.8%, osteoporosis only:
University hospital BMD: DXA criteria o - . o
5.1%, sarcopenia only: 10.3%).
Gait speed The BMI and MNA-SF were lower
. . Muscle mass: DXA . Hand grip strength . .
Reiss J, et al. Cross-sectional I Mean 80.6 + 5.5 . Sarcopenia: EWGSOP . in osteosarcopenia compared to
) Geriatric Muscle strength: grip . o Barthel index . .
2019 [4.0] . st.’udy, . inpatients N =141 strength Osteopo%‘om's. WHO 14.2% Body mass index sarcopenia or Osteoporosis alone
Austria University hospital 84 (59.6)/57(40.4) BMD: DXA criteria Mini nutritional gp <0.05) Whlle th?re were no
differences in functional criteria.
assessment-short form
sosc?goz?;lg ];I;Elig Vertebral fracture occurred most
Sacki C. ot al Cross-sectional Mean 70.5 Muscle mass: BIA criZeria AS\’GS &y frequently in patients with
2019 f%S] ’ stud Liver (58.8-76.0) Muscle strength: grip EWéSOPZ ! 21.8% Vertebral fracture osteosarcopenia (61.3%) and least
i ;1 General Hy, ital cirrhosis N =142 strength Ost i e frequently in those without both
apa ehetal Hospita 90(63.4)/52(36.6) BMD: DXA steopetne, sarcopenia and
osteoporosis: WHO - o
o osteoporosis (15.8%).
criteria
Sarcopenia: Japan N . .
. . . Muscle mass: BIA Society of Hepatology On multw'a riate analysis, frailty
Saeki C et al. Cross-sectional - Median 70 years . o was an independent factor
Chronic liver Muscle strength: grip criteria o . . . .
2020 [37] study disease N=291 streneth Osteopenia 16.8% Frailty associated with osteosarcopenia
Japan General Hospital 137(47.1)/154(52.9) & penia, (OR, 9.837; p < 0.001), and vice
BMD: DXA osteoporosis: WHO
DO versa (OR, 10.069; p < 0.001).
criteria
Cross-sectional . Sarcopenia: the Japan Osteosarcopenia had significantly
Saeki C et al. study, Primary 68.0 (56.5-73.0) MMuslc le gu;ssﬂ]l) Xﬁ Society of Hepatology higher prevalence of vertebral
2020 [39] University biliary N=117 use i,tsrere1 tgh S 81 guideline 15.4% Vertebral fracture fracture (55.6%) than those
Japan hospital and cholangitis 21(17.9)/96(82.1) BMD: ]gjx A Osteoporosis: WHO without both osteoporosis and
General Hospital ’ criteria sarcopenia (6.7%)
) The presence of sarcopenia and
Di Monaco M Cross-sectional 797 £72 Ml\ﬁs«flcées’iar?s;c}? Xﬁ Sarcopenia: FNIH Vertebral fracture osteoporosis was associated with a
et al. 2020 [36] study Hip fracture N =350 stren tgh - 8P Osteoporosis: T-score 65.7% (spine deformity higher spine deformity index than
’ : Research center (all women) BMD: ]%X A <—2.55D index) the presence of only one of the

2 conditions

Abbreviations: BIA—Bioimpedance analysis; BMD—Bone mineral density; DXA—Dual-energy X-ray absorptiometry; AWGS—Asian Working Group for Sarcopenia; WHO—World Health Organization;
EWGSOP—European Working Group on Sarcopenia in Older People; OR—Odds ratio; FNIH—Foundation for the National Institutes of Health, MNA-SF—Mini Nutritional Assessment-Short Form;
SD—Standard deviation.
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3.3.2. Falls and Fractures

An association between osteosarcopenia and falls or fractures has been reported from
longitudinal [28,30,34] and cross-sectional [24,33] studies. However, we must interpret
osteosarcopenia carefully. Scott D et al. reported that osteosarcopenia was a risk factor
for falls for 2 years and fractures for 6 years compared with those without sarcopenia and
osteopenia in community-dwelling older men [28]. However, in this study, the HR for falls
was higher for sarcopenia alone (HR 1.61; 95% CI 1.14—2.28) than for osteosarcopenia (HR
1.41; 95% CI1.02—1.95). Interestingly, osteosarcopenia was not a risk factor for hip fractures
(HR 1.84; 95% CI 0.60—5.61); only osteoporosis alone was a risk factor for hip fractures
(HR 2.58; 95% CI 1.22—5.45). In another prospective observational study of community-
dwelling older adults, osteoporosis alone was associated with fractures over a period
of 10 years (RR 1.50; 95% CI 1.07—2.10), but osteosarcopenia was not (RR 1.48; 95% CI
0.83—2.64) [30]. Thus, osteosarcopenia might not show a synergistic effect of osteoporosis
and sarcopenia for predicting falls and fractures (Figure 2). The reasons for the discrepancy
between the logic and evidence are not clear. Prospective, well-designed observational
studies are warranted.

High
Osteosarcopenia Osteosarcopenia
Logic Logic
_______________ @ Do
: i ;
i 5 |
Osteoporosis i 5 Sarcopenia i
! [ i
H Osteoporosis :
. Evidence . . Evidence

Figure 2. Gaps between logic and evidence as predictors of fractures and falls in osteosarcopenia. Logic dictates that
osteosarcopenia, which is a combination of sarcopenia and osteoporosis, may have a synergistic effect on fractures and falls.
On the other hand, evidence from previous studies shows that osteosarcopenia had only a small or no effect on fractures
and falls. (A) Risk of fracture, (B) Risk of falling.

3.3.3. Frailty

The association between frailty and osteosarcopenia has been well investigated; how-
ever, the association appears to vary depending on the definition of frailty. The frailty
phenotype [41] is frequently used to define frailty and has been reported to be associated
with osteosarcopenia [8,23]. An association between frailty and osteosarcopenic obesity has
also been reported. Szlejf C et al. reported that frailty defined by the frailty phenotype and
the Gerontopole Frailty Screening Tool were associated with osteosarcopenic obesity, but
not the Fatigue, Resistance, Ambulation, Illness, and Loss of weight scale [22]. The frailty
phenotype is frequently used for frailty diagnosis, and it might be a suitable diagnostic
criterion for considering osteosarcopenia and osteosarcopenic obesity.

3.3.4. Comorbidity

An association between osteosarcopenia and chronic diseases has been reported. The
associations between osteosarcopenia and peptic disease [24], inflammatory arthritis [24],
diabetes (only in men) [23], and kidney dysfunction [8] have been reported. There are
reports of an association between a number of chronic diseases (3 or more) [23] and os-
teosarcopenia. There has also been a report that high levels of HbAlc are a risk factor for
osteosarcopenia [8]. Regarding the psychological aspect, depression as assessed using the
Geriatric Depression Scale was associated with osteosarcopenia [24]. Osteoporosis and sar-
copenia have been associated with inflammatory cytokines [10] and dietary inflammatory
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index scores [27], a measure of the impact of diet on inflammatory status. Hence, it is likely
that chronic diseases have an impact on the development and severity of osteosarcopenia.

3.3.5. Nutritional Status

Most studies have used body mass index (BMI) as an indicator of nutritional sta-
tus. Okamura H et al. and Fahimfar N et al. reported that the risk of osteosarcopenia
increases with decreasing BMI [8,32], but they did not report a clear cut-off value. Reiss |
et al. reported significantly lower Mini Nutritional Assessment-Short Form scores among
hospitalized elderly patients with osteosarcopenia compared with sarcopenia alone and
osteoporosis alone [40]. To validate the accurate association between nutritional status
and osteosarcopenia, it is necessary to use validated nutritional screening tools [42] and
Global Leadership Initiative on Malnutrition criteria [43], in order to assess the risk and to
diagnose undernutrition.

3.3.6. Physical Function

Osteosarcopenia has a negative impact on physical function. Osteosarcopenia is
associated with grip strength [31], chair rising time [25], sit to stand power [25], the
SPPB [33], the Timed Up and Go test [33], and the Four-Square Step test [33]. In addition,
Salech F et al. reported that osteosarcopenia is a risk factor for functional limitation in
community-dwelling older adults [34]. Osteosarcopenia was also associated with poorer
chair rising time and sit-to-stand power, but not with sarcopenia alone or osteoporosis
alone [25]. It has also been reported that osteosarcopenic obesity was associated with
SPPB [22]. Given physical function is included in the diagnostic criteria for sarcopenia,
a strong association between osteosarcopenia and physical function is to be expected.

3.3.7. Endocrine System and Bone Metabolism Marker

Endocrine factors are important physiological and pathological factors for maintaining
bone and muscle structure and function [10]. In cross-sectional studies, an association
between osteosarcopenia and serum parathyroid hormone [26] and insulin-like growth
factor 1 [29] has been reported. In addition, an association between osteocalcin, b-crosslaps,
and procollagen type 1 amino-terminal propeptide [25] and osteosarcopenia has been
reported as a bone metabolism marker.

3.4. Intervention

Several randomized controlled trials (RCTs) have been conducted on community-
dwelling older adults with osteosarcopenia. The first RCT examined the effects of 28 weeks
of continuous high-intensity resistance training in community-dwelling osteosarcopenic
men aged >72 years [44]. The results showed a significant positive effect on the sarcopenia
Z-score (p < 0.001) in the intervention group and a significant worsening in the control
group (p = 0.012). There was a significant increase in the skeletal muscle index (SMI) only
in the intervention group and a significant intergroup difference in SMI and handgrip
strength (both p < 0.001). The second RCT was also conducted in community-dwelling
osteosarcopenic men, who received high-intensity dynamic resistance training (HIT-DRT)
and whey protein supplementation for 18 months; the effects on BMD and sarcopenia
parameters were examined [45]. The results showed that the effect sizes for skeletal mus-
cle mass changes were pronounced (1.97, p < 0.001), whereas the effects for functional
sarcopenia parameters were moderate (0.87, p = 0.008; handgrip strength) or low (0.39,
p = 0.209; gait velocity). A third study similarly examined the impact of 12 months of
low-volume HIT-DRT on BMD and SMI in men with osteosarcopenia [46]. The results
showed that lumbar spine BMD was maintained in the intervention group but decreased
in the control group, with a difference between groups (p < 0.001). SMI increased signif-
icantly in the intervention group but decreased significantly in the control group (both
p < 0.001). Hence, resistance training alone or in combination with resistance training
and protein were effective against osteoporosis or sarcopenia for community-dwelling
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osteosarcopenic men. However, there are no RCTs of osteosarcopenic women at this time.
Because osteosarcopenia is more common in women, RCTs of osteosarcopenic women
are desirable.

4. Call for Action

Osteosarcopenia is a new concept, and few studies have been performed on its associa-
tion with clinical outcomes. In this review, we summarize the association between osteosar-
copenia and clinical outcomes to facilitate its understanding, evaluation, prevention and
treatment. As a result, we found several issues for clinical and research advancement in
osteosarcopenia. First, we identified most of the factors of osteosarcopenia restricted cross-
sectional associations. Longitudinal studies for the future occurrences of osteosarcopenia
and the impact of osteosarcopenia on clinical outcomes in community-dwelling older
adults should lead to efficient prevention and treatment. In recent years, DXA has been
widely used to assess muscle mass in community-dwelling older adults. Focusing on BMD,
as well as muscle mass, can lead to research on osteosarcopenia. Second, the associations
between osteosarcopenia and cognitive functioning, psychological aspects, and social skills
have not yet been well examined. Given these factors have been specifically reported to
be associated with sarcopenia, they could also be associated with osteosarcopenia. Third,
high-quality intervention studies are needed. For women in particular, certain drugs that
have been shown to be effective in treating osteoporosis could further improve clinical
outcomes. Fourth, we need to aggressively conduct clinical studies in a hospital setting,
given very few of these have been performed. At minimum, more studies on osteoporotic
fractures (e.g., hip fractures, vertebral fracture) are warranted. Fifth, as an important step
to resolve these issues, the development of a simple tool to screen for osteosarcopenia
is necessary. The development of a simple screening tool can help clinical and research
progress in osteosarcopenia. Finally, a meta-analysis would be required to elucidate the
related factors and clinical outcomes of osteosarcopenia.

5. Conclusions

This review summarized the related factors and clinical outcomes of osteosarcopenia
to facilitate its understanding, evaluation, prevention, treatment, and further research.
Osteosarcopenia was a risk factor for fractures and falls and had cross-sectional asso-
ciations with age, sex, frailty, chronic disease, physical function, nutrition, and the en-
docrine system. Longitudinal studies and high-quality interventional studies on elderly
community-dwelling adults and hospitalized patients are warranted.

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/2072-664
3/13/2/291/s1, Table S1: Results of the quality assessment of study on osteosarcopenia and clinical
outcomes. Table S2: Results of the quality assessment of study on osteosarcopenia and clinical
outcomes in hospital setting.

Author Contributions: Conceptualization, T.I., K M. (Keisuke Maeda), A.N., A.S.,].U., KM. (Kenta
Murotani), K.S., K.H., S.M. and A.T.; methodology, T.I. and K.M. (Keisuke Maeda); writing—original
draft preparation, T.I. and K.M. (Keisuke Maeda); writing—review and editing, T.I.,, K.M. (Keisuke
Maeda), AN, AS, J.U.,, KM. (Kenta Murotani), K.S., KH., S.M. and A.T.; supervision, KM. (Keisuke
Maeda) and A.T.; funding acquisition, K.M. (Keisuke Maeda) All authors have read and agreed to
the published version of the manuscript.

Funding: This research was funded by the Research Funding of Longevity Sciences (grant 20-57 to
K. Maeda).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Acknowledgments: We give special thanks to all of the individuals involved in this review who
greatly facilitated this work.

Conflicts of Interest: The authors declare no conflict of interest.


https://www.mdpi.com/2072-6643/13/2/291/s1
https://www.mdpi.com/2072-6643/13/2/291/s1

Nutrients 2021, 13, 291 13 of 14

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Daly, R.M.; Rosengren, B.E.; Alwis, G.; Ahlborg, H.G.; Sernbo, I.; Karlsson, M.K. Gender specific age-related changes in bone
density, muscle strength and functional performance in the elderly: A-10 year prospective population-based study. BMC Geriatr.
2013, 13, 71. [CrossRef] [PubMed]

Janssen, I.; Heymsfield, S.B.; Wang, Z.M.; Ross, R. Skeletal muscle mass and distribution in 468 men and women aged 18-88 yr.
J. Appl. Physiol. 2000, 89, 81-88. [CrossRef]

Kanis, J.A.; Adachi, ].D.; Cooper, C.; Clark, P; Cummings, S.R.; Diaz-Curiel, M.; Harvey, N.; Hiligsmann, M.; Papaioannou, A.;
Pierroz, D.D.; et al. Standardising the descriptive epidemiology of osteoporosis: Recommendations from the Epidemiology and
Quality of Life Working Group of IOF. Osteoporos. Int. 2013, 24, 2763-2764. [CrossRef] [PubMed]

Kanis, J.A.; Kanis, J.A. Assessment of fracture risk and its application to screening for postmenopausal osteoporosis: Synopsis of
a WHO report. Osteoporos. Int. 1994, 4, 368-381. [CrossRef] [PubMed]

Johnell, O.; Kanis, ].A. An estimate of the worldwide prevalence, mortality and disability associated with hip fracture. Osteoporos.
Int. 2004, 15, 897-902. [CrossRef]

Cao, L.; Morley, J.E. Sarcopenia is recognized as an independent condition by an International Classification of Disease, 10th
revision, Clinical Modification (ICD-10-CM) Code. J. Am. Med. Dir. Assoc. 2016, 17, 675-677. [CrossRef]

Cruz-Jentoft, A.J.; Sayer, A.A. Sarcopenia. Lancet 2019, 393, 2636-2646. [CrossRef]

Okamura, H.; Ishikawa, K.; Kudo, Y.; Matsuoka, A.; Maruyama, H.; Emori, H.; Yamamura, R.; Hayakawa, C.; Tani, S.; Tsuchiya,
K.; et al. Risk factors predicting osteosarcopenia in postmenopausal women with osteoporosis: A retrospective study. PLoS ONE
2020, 15, e0237454. [CrossRef]

Hirschfeld, H.P; Kinsella, R.; Duque, G. Osteosarcopenia: Where bone, muscle, and fat collide. Osteoporos. Int. 2017, 28, 2781-2790.
[CrossRef]

Kaji, H. Interaction between muscle and bone. Horm. Res. 2007, 66, 73-78. [CrossRef]

Liberati, A.; Altman, D.G.; Tetzlaff, J.; Mulrow, C.; Getzsche, P.C.; Ioannidis, J.P.A.; Clarke, M.; Devereaux, PJ.; Kleijnen, J.; Moher,
D. The PRISMA statement for reporting systematic reviews and meta-analyses of studies that evaluate health care interventions:
Explanation and elaboration. PLoS Med. 2009, 6, e1000100. [CrossRef] [PubMed]

National Heart Lung and Blood Institute. Study Quality Assessment Tools. Available online: https://www.nhlbi.nih.gov/health-
topics/study-quality-assessment-tools (accessed on 23 November 2020).

WHO. Assessment of Fracture Risk and Its Application to Screening for Postmenopausal Osteoporosis; Technical Report Series; WHO
Study Group: Geneva, Switzerland, 1994; pp. 1-129.

Soen, S.; Fukunaga, M.; Sugimoto, T.; Sone, T.; Fujiwara, S.; Endo, N.; Gorai, L; Shiraki, M.; Hagino, H.; Hosoi, T.; et al. Diagnostic
criteria for primary osteoporosis: Year 2012 revision. J. Bone Miner. Metab. 2013, 31, 247-257. [CrossRef] [PubMed]

Cruz-Jentoft, A.].; Baeyens, ].P; Bauer, ].M.; Boirie, Y.; Cederholm, T.; Landi, F.; Martin, F.C.; Michel, ].P.; Rolland, Y.; Schneider,
S.M.; et al. Sarcopenia: European consensus on definition and diagnosis. Age Ageing 2010, 39, 412—423. [CrossRef] [PubMed]
Cruz-Jentoft, A.].; Baeyens, ].P; Bauer, ].M.; Boirie, Y.; Cederholm, T.; Landi, F.; Martin, F.C.; Michel, ].P.; Rolland, Y.; Schneider,
S.M,; et al. Sarcopenia: Revised European consensus on definition and diagnosis. Age Ageing 2019, 48, 16-31. [CrossRef] [PubMed]
Chen, LK,; Liu, L.K,; Woo, ].; Assantachai, P.; Auyeung, T.W.; Bahyah, K.S.; Chou, M.Y.; Chen, L.Y.; Hsu, P.S.; Krairit, O.; et al.
Sarcopenia in Asia: Consensus report of the Asian working group for sarcopenia. J. Am. Med. Dir. Assoc. 2014, 15, 95-101.
[CrossRef] [PubMed]

Chen, LK,; Woo, J.; Assantachai, P.; Auyeung, TW.; Chou, M.Y,; lijima, K,; Jang, H.C.; Kang, L.; Kim, M.; Kim, S; et al. Asian
Working Group for Sarcopenia: 2019 Consensus Update on Sarcopenia Diagnosis and Treatment. |. Am. Med. Dir. Assoc. 2020, 21,
200-307.e2. [CrossRef] [PubMed]

Ormsbee, M.].; Prado, C.M.; Ilich, J.Z.; Purcell, S.; Siervo, M.; Folsom, A.; Panton, L. Osteosarcopenic obesity: The role of bone,
muscle, and fat on health. J. Cachexia Sarcopenia Muscle 2014, 5, 183-192. [CrossRef]

World Health Organization. Physical Status: The Use of and Interpretation of Anthropometry, Report of a WHO Expert Committee;
World Health Organization: Geneva, Switzerland, 1995; Volume 854, pp. 1-452.

Dufour, A.B.; Hannan, M.T.; Murabito, ] M.; Kiel, D.P; McLean, R.R. Sarcopenia definitions considering body size and fat mass
are associated with mobility limitations: The framingham study. | Gerontol. Ser. A Biol. Sci. Med. Sci. 2013, 68, 168-174. [CrossRef]
Szlejf, C.; Parra-Rodriguez, L.; Rosas-Carrasco, O. Osteosarcopenic obesity: Prevalence and relation with frailty and physical
performance in middle-aged and older women. |. Am. Med. Dir. Assoc. 2017, 18, 733.e1-733.e5. [CrossRef]

Wang, Y.J.; Wang, Y.; Zhan, ] K,; Tang, Z.Y.; He, ].Y.; Tan, P,; Deng, H.Q.; Huang, W.; Liu, Y.S. Sarco-osteoporosis: Prevalence and
association with frailty in Chinese community-dwelling older adults. Int. ]. Endocrinol. 2015, 2015, 482940. [CrossRef] [PubMed]
Huo, Y.R,; Suriyaarachchi, P; Gomez, E; Curcio, C.L.; Boersma, D.; Muir, SSW.; Montero-Odasso, M.; Gunawardene, P.;
Demontiero, O.; Duque, G. Phenotype of osteosarcopenia in older individuals with a history of falling. . Am. Med. Dir. Assoc.
2015, 16, 290-295. [CrossRef] [PubMed]

Drey, M,; Sieber, C.C.; Bertsch, T.; Bauer, ].M.; Schmidmaier, R.; The FIAT Intervention Group. Osteosarcopenia is more than
sarcopenia and osteopenia alone. Aging Clin. Exp. Res. 2016, 28, 895-899. [CrossRef] [PubMed]

Suriyaarachchi, P.; Gomez, F.; Curcio, C.L.; Boersma, D.; Murthy, L.; Grill, V.; Duque, G. High parathyroid hormone levels are
associated with osteosarcopenia in older individuals with a history of falling. Maturitas 2018, 113, 21-25. [CrossRef] [PubMed]


http://doi.org/10.1186/1471-2318-13-71
http://www.ncbi.nlm.nih.gov/pubmed/23829776
http://doi.org/10.1152/jappl.2000.89.1.81
http://doi.org/10.1007/s00198-013-2413-7
http://www.ncbi.nlm.nih.gov/pubmed/23884436
http://doi.org/10.1007/BF01622200
http://www.ncbi.nlm.nih.gov/pubmed/7696835
http://doi.org/10.1007/s00198-004-1627-0
http://doi.org/10.1016/j.jamda.2016.06.001
http://doi.org/10.1016/S0140-6736(19)31138-9
http://doi.org/10.1371/journal.pone.0237454
http://doi.org/10.1007/s00198-017-4151-8
http://doi.org/10.11005/jbm.2014.21.1.29
http://doi.org/10.1371/journal.pmed.1000100
http://www.ncbi.nlm.nih.gov/pubmed/19621070
https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
http://doi.org/10.1007/s00774-013-0447-8
http://www.ncbi.nlm.nih.gov/pubmed/23553500
http://doi.org/10.1093/ageing/afq034
http://www.ncbi.nlm.nih.gov/pubmed/20392703
http://doi.org/10.1093/ageing/afy169
http://www.ncbi.nlm.nih.gov/pubmed/30312372
http://doi.org/10.1016/j.jamda.2013.11.025
http://www.ncbi.nlm.nih.gov/pubmed/24461239
http://doi.org/10.1016/j.jamda.2019.12.012
http://www.ncbi.nlm.nih.gov/pubmed/32033882
http://doi.org/10.1007/s13539-014-0146-x
http://doi.org/10.1093/gerona/gls109
http://doi.org/10.1016/j.jamda.2017.02.023
http://doi.org/10.1155/2015/482940
http://www.ncbi.nlm.nih.gov/pubmed/26273298
http://doi.org/10.1016/j.jamda.2014.10.018
http://www.ncbi.nlm.nih.gov/pubmed/25512216
http://doi.org/10.1007/s40520-015-0494-1
http://www.ncbi.nlm.nih.gov/pubmed/26563287
http://doi.org/10.1016/j.maturitas.2018.04.006
http://www.ncbi.nlm.nih.gov/pubmed/29903644

Nutrients 2021, 13, 291 14 of 14

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Park, S.; Na, W.; Sohn, C. Relationship between osteosarcopenic obesity and dietary inflammatory index in postmenopausal
Korean women: 2009 to 2011 Korea National Health and Nutrition Examination Surveys. ]. Clin. Biochem. Nutr. 2018, 64,
2016-2019. [CrossRef]

Scott, D.; Seibel, M.; Cumming, R.; Naganathan, V.; Blyth, F.; Le Couteur, D.G.; Handelsman, D.J.; Waite, L.M.; Hirani, V. Does
combined osteopenia/osteoporosis and sarcopenia confer greater risk of falls and fracture than either condition alone in older
men? The concord health and ageing in men project. | Gerontol. Ser. A Biol. Sci. Med. Sci. 2019, 74, 827-834. [CrossRef]
Poggiogalle, E.; Cherry, K.E; Su, L.J.; Kim, S.; Myers, L.; Welsh, D.A.; Jazwinski, S.M.; Ravussin, E. Body composition, IGF1
status, and physical functionality in nonagenarians: Implications for osteosarcopenia. J. Am. Med. Dir. Assoc. 2019, 20, 70-75.€2.
[CrossRef]

Balogun, S.; Winzenberg, T.; Wills, K.; Scott, D.; Callisaya, M.; Cicuttini, F.; Jones, G.; Aitken, D. Prospective associations of
osteosarcopenia and osteodynapenia with incident fracture and mortality over 10 years in community-dwelling older adults.
Arch. Gerontol. Geriatr. 2019, 82, 67-73. [CrossRef]

Kobayashi, K.; Imagama, S.; Ando, K.; Machino, M.; Ota, K,; Tanaka, S.; Morozumi, M.; Kanbara, S.; Ito, S.; Ishiguro, N.H.Y.
Epidemiology and effect on physical function of osteosarcopenia in community-dwelling elderly people in Japan. Mod. Rheumatol.
2020, 30, 592-597. [CrossRef]

Fahimfar, N.; Zahedi Tajrishi, F; Gharibzadeh, S.; Shafiee, G.; Tanha, K.; Heshmat, R.; Nabipour, I.; Raeisi, A ; Jalili, A.; Larijani, B.;
et al. Prevalence of osteosarcopenia and its association with cardiovascular risk factors in Iranian older people: Bushehr Elderly
Health (BEH) Program. Calcif. Tissue Int. 2020, 106, 364-370. [CrossRef]

Sepulveda-Loyola, W.; Phu, S.; Bani Hassan, E.; Brennan-Olsen, S.L.; Zanker, J.; Vogrin, S.; Conzade, R.; Kirk, B.; Al Saedi, A.;
Probst, V.; et al. The joint occurrence of osteoporosis and sarcopenia (osteosarcopenia): Definitions and characteristics. J. Am.
Med. Dir. Assoc. 2020, 21, 220-225. [CrossRef] [PubMed]

Salech, F.; Marquez, C.; Lera, L.; Angel, B.; Saguez, R.; Albala, C. Osteosarcopenia predicts falls, fractures, and mortality in
Chilean community-dwelling older adults. J. Am. Med. Dir. Assoc. 2020, in press. [CrossRef] [PubMed]

Yoo, J.I; Kim, H.; Ha, Y.C.; Kwon, H.B.; Koo, K.H. Osteosarcopenia in patients with hip fracture is related with high mortality.
J. Korean Med. Sci. 2018, 33, 1-9. [CrossRef] [PubMed]

Di Monaco, M.; Castiglioni, C.; Bardesono, F.; Milano, E.; Massazza, G. Sarcopenia, osteoporosis and the burden of prevalent
vertebral fractures: A cross-sectional study of 350 women with hip fracture. Eur. J. Phys. Rehabil. Med. 2020, 56, 184-190.
[CrossRef]

Saeki, C.; Kanai, T.; Nakano, M.; Oikawa, T.; Torisu, Y.; Abo, M.; Saruta, M.; Tsubota, A. Relationship between osteosarcopenia
and frailty in patients with chronic liver disease. . Clin. Med. 2020, 9, 2381. [CrossRef]

Saeki, C.; Takano, K.; Oikawa, T.; Aoki, Y.; Kanai, T.; Takakura, K.; Nakano, M.; Torisu, Y.; Sasaki, N.; Abo, M.; et al. Comparative
assessment of sarcopenia using the JSH, AWGS, and EWGSOP2 criteria and the relationship between sarcopenia, osteoporosis,
and osteosarcopenia in patients with liver cirrhosis. BMC Musculoskelet. Disord. 2019, 20, 1-12. [CrossRef]

Saeki, C.; Oikawa, T.; Kanai, T.; Nakano, M.; Torisu, Y.; Sasaki, N.; Abo, M.; Saruta, M.; Tsubota, A. Relationship between
osteoporosis, sarcopenia, vertebral fracture, and osteosarcopenia in patients with primary biliary cholangitis. Eur. ]. Gastroenterol.
Hepatol. 2020, 1-7. [CrossRef]

Reiss, J.; Iglseder, B.; Alzner, R.; Mayr-Pirker, B.; Pirich, C.; Kédssmann, H.; Kreutzer, M.; Dovjak, P.; Reiter, R. Sarcopenia and
osteoporosis are interrelated in geriatric inpatients. Z. Gerontol. Geriatr. 2019, 52, 688-693. [CrossRef]

Fried, L.P; Tangen, C.M.; Walston, J.; Newman, A.B.; Hirsch, C.; Gottdiener, J.; Seeman, T.; Tracy, R.; Kop, W.].; Burke, G.; et al.
Frailty in older adults: Evidence for a phenotype. J. Gerontol. Med. Sci. 2001, 56, 46-56. [CrossRef]

Kondrup, J.; Allison, S.P.; Elia, M.; Vellas, B.; Plauth, M. ESPEN guidelines for nutrition screening 2002. Clin. Nutr. 2003, 22,
415-421. [CrossRef]

Cederholm, T; Jensen, G.L.; Correia, M.L.T.D.; Gonzalez, M.C.; Fukushima, R.; Higashiguchi, T.; Baptista, G.; Barazzoni, R.;
Blaauw, R.; Coats, A.; et al. GLIM criteria for the diagnosis of malnutrition—A consensus report from the global clinical nutrition
community. Clin. Nutr. 2019, 38, 1-9. [CrossRef] [PubMed]

Lichtenberg, T.; Von Stengel, S.; Sieber, C.; Kemmler, W. The favorable effects of a high-intensity resistance training on sarcopenia
in older community-dwelling men with osteosarcopenia: The randomized controlled frost study. Clin. Interv. Aging 2019, 14,
2173-2186. [CrossRef] [PubMed]

Kemmler, W.; Kohl, M.; Jakob, E.; Engelke, K.; von Stengel, S. Effects of high intensity dynamic resistance exercise and whey
protein supplements on osteosarcopenia in older men with low bone and muscle mass. FrOST Study. Nutrients 2020, 12, 2341.
[CrossRef] [PubMed]

Kemmler, W.; Kohl, M.; Frohlich, M.; Jakob, E; Engelke, K.; von Stengel, S.; Schoene, D. Effects of high-intensity resistance training
on osteopenia and sarcopenia parameters in older men with osteosarcopenia—One-year results of the randomized controlled
Franconian Osteopenia and Sarcopenia Trial (FrOST). J. Bone Miner. Res. 2020, 35, 1634-1644. [CrossRef]


http://doi.org/10.3164/jcbn.18-10
http://doi.org/10.1093/gerona/gly162
http://doi.org/10.1016/j.jamda.2018.07.007
http://doi.org/10.1016/j.archger.2019.01.015
http://doi.org/10.1080/14397595.2019.1623455
http://doi.org/10.1007/s00223-019-00646-6
http://doi.org/10.1016/j.jamda.2019.09.005
http://www.ncbi.nlm.nih.gov/pubmed/31669290
http://doi.org/10.1016/j.jamda.2020.07.032
http://www.ncbi.nlm.nih.gov/pubmed/32921573
http://doi.org/10.3346/jkms.2018.33.e27
http://www.ncbi.nlm.nih.gov/pubmed/29318794
http://doi.org/10.23736/S1973-9087.20.05991-2
http://doi.org/10.3390/jcm9082381
http://doi.org/10.1186/s12891-019-2983-4
http://doi.org/10.1097/meg.0000000000001791
http://doi.org/10.1007/s00391-019-01553-z
http://doi.org/10.1093/gerona/56.3.M146
http://doi.org/10.1016/S0261-5614(03)00098-0
http://doi.org/10.1016/j.clnu.2018.08.002
http://www.ncbi.nlm.nih.gov/pubmed/30181091
http://doi.org/10.2147/CIA.S225618
http://www.ncbi.nlm.nih.gov/pubmed/31908428
http://doi.org/10.3390/nu12082341
http://www.ncbi.nlm.nih.gov/pubmed/32764397
http://doi.org/10.1002/jbmr.4027

	Introduction 
	Materials and Methods 
	Data Sources and Search Strategy 
	Study Selection 
	Inclusion Criteria 
	Exclusion Criteria 

	Data Extraction 
	Quality Assessment 

	Results 
	Diagnosis 
	Osteopenia/Osteoporosis 
	Sarcopenia 
	Osteosarcopenia 

	Prevalence of Osteosarcopenia 
	Osteosarcopenia as a Risk of Poor Clinical Outcomes 
	Mortality 
	Falls and Fractures 
	Frailty 
	Comorbidity 
	Nutritional Status 
	Physical Function 
	Endocrine System and Bone Metabolism Marker 

	Intervention 

	Call for Action 
	Conclusions 
	References

