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Abstract

Sarcopenia is a potentially modifiable risk factor for falls and fractures in older adults, but the strength of the association
between sarcopenia, falls, and fractures is unclear. This study aims to systematically assess the literature and perform a
meta-analysis of the association between sarcopenia with falls and fractures among older adults. A literature search was
performed using MEDLINE, EMBASE, Cochrane, and CINAHL from inception to May 2018. Inclusion criteria were the following:
published in English, mean/median age > 65 years, sarcopenia diagnosis (based on definitions used by the original studies’
authors), falls and/or fractures outcomes, and any study population. Pooled analyses were conducted of the associations of
sarcopenia with falls and fractures, expressed in odds ratios (OR) and 95% confidence intervals (Cls). Subgroup analyses were
performed by study design, population, sex, sarcopenia definition, continent, and study quality. Heterogeneity was assessed
using the /? statistics. The search identified 2771 studies. Thirty-six studies (52 838 individuals, 48.8% females, and mean age
of the study populations ranging from 65.0 to 86.7 years) were included in the systematic review. Four studies reported on both
falls and fractures. Ten out of 22 studies reported a significantly higher risk of falls in sarcopenic compared with non-sarcopenic
individuals; 11 out of 19 studies showed a significant positive association with fractures. Thirty-three studies (45 926 individuals)
were included in the meta-analysis. Sarcopenic individuals had a significant higher risk of falls (cross-sectional studies: OR 1.60;
95% Cl 1.37-1.86, P < 0.001, I* = 34%; prospective studies: OR 1.89; 95% Cl 1.33-2.68, P < 0.001, /> = 37%) and fractures (cross-
sectional studies: OR 1.84; 95% Cl 1.30-2.62, P = 0.001, /> = 91%; prospective studies: OR 1.71; 95% Cl 1.44-2.03, P = 0.011,
I?> = 0%) compared with non-sarcopenic individuals. This was independent of study design, population, sex, sarcopenia defini-
tion, continent, and study quality. The positive association between sarcopenia with falls and fractures in older adults
strengthens the need to invest in sarcopenia prevention and interventions to evaluate its effect on falls and fractures.
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Introduction increased morbidity, and mortality.>* A number of risk fac-
tors have been found to predispose older adults to falls.
Approximately one-third of older adults fall at least once a These include old age, female sex, fear of falling, impaired
year® and a median of 4.1% of falls results in fractures.? Falls  cognition, mobility, and gait.>® One of the potentially
are associated with physical disability, functional impairment, modifiable risk factors is sarcopenia, that is, age-related low
dependency in activities of daily living, institutionalization, skeletal muscle mass, strength, and physical performance.’
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between 2% and 37% in
community-dwelling older adults, depending on the
sarcopenia definition applied®*? and associated with
decreased mobility, impaired standing balance, functional
decline, hospitalization, and mortality.”>™*° Interventions
to prevent and treat sarcopenia have been shown to be
effective in increasing muscle mass, strength, and physical
performance,®® although it is not proven yet that this leads
to a decrease of falls and fractures.

The aim of this systematic review and meta-analysis was to
evaluate whether sarcopenic individuals have a higher risk of
falls and fractures compared with non-sarcopenic individuals
and whether this association is influenced by study design,
population, sex, sarcopenia definition, continent, or study
quality.

Sarcopenia is prevalent

Methods
Data sources and searches

The protocol of the systematic review was registered at
PROSPERO International prospective register of systematic
reviews: CRD42017068485. The systematic review was con-
ducted according to the PRISMA standards.’” A systematic
search was performed by a librarian in four electronic data-
bases, that is, MEDLINE, EMBASE, Cochrane Central, and
CINAHL from date of inception to 1 May 2018 (Online Re-
source S1). The search included the keywords ‘sarcopenia’,
‘falls’, ‘fractures’, and synonyms. The reference section of
each included article was also used to identify additional re-
lated research studies.

Study selection

The studies obtained using the search strategy were assessed
for eligibility independently by two authors (S. S. Y. Y. and
V. K. P.) by screening titles and abstracts. Subsequently, the
full-text articles of potentially relevant studies were screened
independently by two reviewers (S. S. Y. Y. and V. K. P.). A
third reviewer (E. M. R.) resolved any disagreements between
the authors regarding the eligibility by discussion and
reaching a consensus. Studies were included in the system-
atic review when the following inclusion criteria were met:
published in English; mean or median age of >65 years or
with subgroup analysis in those aged >65 years; diagnosis of
sarcopenia using any definition used by the original studies’
authors; and at least one of the following outcomes: falls
and/or fractures. No restriction regarding study population
was applied. Studies were excluded if they did not contain
primary data (conference abstracts, reviews, letters to the
editor, and case reports with <5 cases). Studies were ex-
cluded if no comparison group was included; that is, all

individuals suffered from falls, fractures, or sarcopenia. If
studies used data from the same cohort,'®° the studies with
the largest sample size were included.*®

Data extraction and quality assessment

The following variables were extracted independently by two
reviewers (S. S. Y. Y. and V. K. P.) from the included studies:
author, year of publication, total number of individuals in-
cluded in the study, mean/median age of individuals, per-
centage of females, population, continent, prevalence of
falls, study design of falls outcome, prevalence of fractures,
study design of fractures outcome, applied definition(s) of
sarcopenia, prevalence of sarcopenia, assessment method
of muscle mass, cut-off point of muscle mass, assessment
method of muscle strength, cut-off point of muscle strength,
assessment method of physical performance, and cut-off
point of physical performance.

Risk of bias of the included studies was assessed indepen-
dently by two reviewers (S. S. Y. Y. and V. K. P.) using the
Newcastle Ottawa Scale (NOS)*®?! for case—control and
cohort studies and a modified version of the NOS for cross-
sectional studies. A system of points was given to the eligible
categories: (i) selection of the study population, (ii) compara-
bility, and (iii) description of the outcome (Online Resource
S2). A study was given a maximum of one point in each item
within the Selection and Outcome categories and a maximum
of two points was given for the Comparability category.
The scale scores varied depending on the study design. For
case—control and cohort studies, it ranged from 0 to 9 points
with >7 points classified as high quality.® For cross-sectional
studies, it ranged from 0 to 7 points. Because a modified
version of NOS was used and there was no cut-off available
from the literature, a median of >4 points was considered
as high quality for cross-sectional studies.?***

Data synthesis and analysis

A meta-analysis was performed stratified for falls and
fractures, using a random-effects model because of assumed
heterogeneity between the studies. Studies were excluded
from the meta-analysis if an odds ratio (OR) could not be
calculated because of insufficient data or confidence intervals
(Cls) were not given. When both crude and adjusted ORs
were reported, adjusted ORs were used. When the studies
only reported ORs stratified by sex, the overall OR was
calculated from a two-by-two table including the total
number of sarcopenic and non-sarcopenic individuals with
falls/fractures. Sarcopenia definitions differ in their composi-
tion including muscle mass, muscle strength, and physical
performance, and applying different definitions has an impact
on the prevalence of sarcopenia.’***> Some definitions are
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based on low muscle mass alone: Baumgartner et al.,z“_28

Delmonico et al.,***” Newman et al,*® Cheng et al.*
Scott et al.”® Sanada et al.,>*3! Levine and Crimmins,*®
and Bouchard et al..?® Other definitions are based on both
low muscle mass and low muscle strength/physical perfor-
mance: European Working Group on Sarcopenia in Older
People (EWGSOP),>#*>%8:32752 Agian Working Group for
Sarcopenia (AWGS),*®°1>3>* Foundation for the National
Institutes of Health (FNIH),2%2>27354448.55 |nternational
Working Group on Sarcopenia (IWGS),%*?>?73> Society
for Sarcopenia, Cachexia, and Wasting Disorders (SCWD),>*?’
and ESPEN Special Interest Group on ‘cachexia-anorexia
in chronic wasting diseases’ and ‘nutrition in geriatrics’.?*
In cases where studies applied multiple sarcopenia
definitions, results based on the EWGSOP definition®? were
prioritized over the Baumgartner definition®® and other
definitions.>” %8
Forest plots were used to visualize the results. Heteroge-
neity between the studies in effect measures were assessed
using the /? statistic. /> values greater than 25% were consid-
ered to reflect low heterogeneity, 50% moderate, and 75%
high heterogeneity.®® Subgroup analyses were performed re-
garding study design, population, sex, sarcopenia definition,
continent, and study quality. We contacted 17 authors of
studies to obtain the data needed to compute ORs when
the study did not report ORs stratified by sex. Ten authors
responded, which allowed us to include these studies in the
subgroup analysis.>’283%33,40-4349.54 £nnel plots of log
OR against its standard error were plotted to visually evaluate
publication bias, while Egger’s regression test’® and Begg’s
test’’ were used to statistically evaluate publication bias.
Comprehensive Meta-Analysis (CMA version 2.0; Biostat
Inc., Engle-wood, NJ) was used to produce pooled estimates
and forest plots. P-values < 0.05 were considered statistically
significant (two-sided).

Results
Search results

Online Resource S3 shows the flow chart of the study selec-
tion. A total of 4129 studies were retrieved through elec-
tronic database searches. After removal of duplicates, 2771
studies were identified for title and abstract screening. Re-
view of the titles and abstracts yielded 241 relevant
studies for full-text screening. Thirty-six studies met all
inclusion criteria and were included in this review.'®?%"
52343572775 A total of 33 studies were included in the
meta-analysis; four of them presented data for both falls
and fractures, leaving 20 studies included in the meta-

analysis for falls?#26:28:32736,40-44,48-50,72-75 54 17 studies
for fractures,18:27,29-31,34,35,38,39,42,46,47,49,51,54,55,73

Study characteristics

Table 1 shows the study characteristics of the included stud-
ies. A total of 52 838 individuals (48.8% females) with a mean
age of the study populations ranging from 65.0 to 86.7 years
were included, and sample sizes ranged from 58 to 6,658
individuals. Study populations included community-dwelling
individuals (22 StUdieS),18'24_28'34_36'40_42'44_46'48_51'72'73'75
hospitalized patients (3 studies),***”** outpatients (4
studies),3>3%395% and nursing home residents (3 stud-
ies).33377% Four studies included a combined group of
hospitalized patients with fractures and community-dwelling
individuals without fractures.?*3** Two studies reported

retrospective  data,®**> 20 studies were  cross-
SectionaI,26’29’30’32'35'36'38'39’41_44’48_51'54'72'73'75 13 Studies
were prospective,18,25,27,28,33,34,37,40,45—47,53,74 and l Study

was a randomized controlled trial examining the effect of
nutritional supplementation on bone mineral density and
risk of falls.>* Most of the studies were performed in Europe
(12 Studies),26'27'33'35'40'42'47'49'55'73'74 and Asia (12 stud-
ies), 8:29731,44,48,50,51,53,54,72.75 fo)lowed by Australia (5 stud-
ies), 283773946 south America (4 studies),®**%**3 and North
America (3 studies).?*?>3% The prevalence of falls ranged from
4.2% to 63.8%, and the prevalence of fractures ranged
from 3.5% to 63.6% in the studies. Follow-up periods varied
from 1 to 3 years for falls and 2 to 11 years for fractures.
Table 2 shows the prevalence and applied diagnostic
criteria of sarcopenia. The prevalence of sarcopenia varied
from 0.3% to 73.0%, depending on the sarcopenia definition
applied and the study population. Sarcopenia was diagnosed
using one deﬁnition18,26,29—34,36—43,47—50,53,54,72,73,75 or more
than one definition.?*2%27:28:3544-46,5155,74 ot of the 36 in-
cluded studies, EWGSOP (23 studies) was the most commonly
used definition,?*2>283274951 followed by FNIH (7 stud-
ies),242>27:35453655 Baymgartner definition (5 studies),?* 28
AWGS (4 studies),"®>"**>>* and IWGS (4 studies).”**>?7>

Study quality

Online Resource S4 shows the results of the NOS quality
assessment of the included studies. The quality of 12 falls
studie524,26,33,35,37,41,45,48,53,72,73,75 and 14 fracture StUd'
ies18,25,27,29—3l,34,35,45,49,51,54,55,73 was rated hlgh Ten Studies
for falls were rated as low quality.?®:3%3436:40,43,44,49,50,74 £, /e

studies for fractures were rated as low quality.38394%46:47

Association of sarcopenia with falls

Twenty-two studies investigated the association of
sarcopenia and falls, of which 10 studies (45%) reported
higher risks of falls among sarcopenic individuals compared
with non-sarcopenic individuals.?8:3440:41,48,50,53,72,73,75 o
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significant associations between sarcopenia and falls were
found in the remaining 12 studies.?*2%3233,35-37,43-45,49,74

Among the 20 studies included in the meta-analysis,
a pooled OR of 1.60 for cross-sectional studies (95%
Cl 1.37-1.86, P < 0.001, /* = 34%) and a pooled OR of 1.89
for prospective studies (95% Cl 1.33-2.68, P < 0.001,
I = 37%) indicated a significantly higher risk of falls for
sarcopenic compared with non-sarcopenic individuals
(Figure IA). The results of the subgroup analyses are pre-
sented in Figure IA—F. The significant association between
sarcopenia and falls was independent of study design
(Figure 1A), study population (Figure 1B), and sex (Figure
1C). When stratified by sarcopenia definition, sarcopenia
diagnosed by use of EWGSOP (OR 1.62, 95% ClI 1.38-1.90,
P < 0.001), Baumgartner (OR 1.50, 95% CI 1.07-2.12,
P = 0.020), and IWGS (OR 2.02, 95% Cl 1.09-3.74,
P = 0.025) definitions was significantly associated with falls,
but the association was insignificant for the FNIH definition
(two studies) (OR 0.67, 95% Cl 0.26-1.77, P = 0.422)
(Figure 1ID). The significant association between sarcopenia
and falls was independent of continent (Figure IE) and study
quality (Figure IF).

Association of sarcopenia with fractures

Nineteen studies investigated the association of sarcopenia
and fractures. Higher risks of fractures were reported in 11
studies (58%) among sarcopenic individuals compared with
non-sarcopenic  individuals 1827:2973134.39,46,49,5L73 N\
significant associations between sarcopenia and fractures
were found in eight studies,?>3°3842:45:47,54,55

Among the 17 studies included in the meta-analysis,
a significantly higher risk of fractures was found for
sarcopenic compared with non-sarcopenic individuals (cross-
sectional studies: pooled OR 1.84, 95% CI 1.30-2.62,
P = 0.001, I*> = 91%; prospective studies: pooled OR 1.71,
95% Cl 1.44-2.03, P = 0.011, /> = 0%) (Figure 2A). The associ-
ation between sarcopenia and fractures remained significant
when excluding one particular study with large Cls,** and
heterogeneity decreased from 91% to 10%. The results of
the subgroup analysis are presented in Figure 2A-F. The
significant association between sarcopenia and fractures
was independent of study design (Figure 2A), study popula-
tion (Figure 2B), and sex (Figure 2C). Sarcopenia diagnosed
by use of EWGSOP (OR 1.93, 95% Cl 1.19-3.13, P = 0.008)
and Sanada et al. (OR 1.66, 95% Cl 1.26-2.18, P < 0.001) def-
initions was associated with fractures, while the association
between sarcopenia and fractures was not significant for
sarcopenia diagnosed with AWGS (3 studies), FNIH (3 stud-
ies), and IWGS (2 studies) definitions (Figure 2D). The signifi-
cant association between sarcopenia and fractures was
independent of continent (Figure 2E) and study quality
(Figure 2F).

Publication bias

Asymmetry was observed by visual inspection of funnel plots
(Online Resource S5). However, Egger’s regression test
(P =0.463 for falls and P = 0.928 for fractures) and Begg’s test
(P = 0.627 for falls and P = 0.232 for fractures) indicated no
statistically significant publication bias among the studies in
this meta-analysis.

Discussion

This systematic review and meta-analysis highlights the
positive association between sarcopenia, falls, and fractures;
this was independent of study design, population, sex,
sarcopenia definition, continent, and study quality.

This is the first meta-analysis examining the association
between sarcopenia, falls, and fractures among older adults
including various definitions of sarcopenia. A meta-analysis’®
published in 2004 showed a positive association between
muscle strength and falls; since then, the literature has
expanded substantially. A previous systematic review
assessing various health outcomes of sarcopenia showed
positive associations but was based on the EWGSOP defini-
tion only.* A recently published meta-analysis (9 studies)’’
has found a significant association between sarcopenia and
fractures with a smaller pooled effect size (risk ratio 1.34)
compared with the subgroup analysis for community-
dwelling older adults (OR: 1.73, 95% Cl: 1.50-2.00) in our
meta-analysis. The previous study included only prospective
studies in community-dwelling older adults aged 60 years,
which contrasts our review addressing both prospective
studies and cross-sectional studies in adults aged 65 years
and older.

Evidence was found for both cross-sectional and prospec-
tive studies, implying the existence of different directions of
causal pathways, that is, sarcopenia as a cause for falls and
fractures, and falls and fractures as a cause for sarcopenia.
Falls and fractures can result in loss of mobility, fear of
falling, and hospital admissions.”® Physical inactivity associ-
ated with these consequences accelerates loss of muscle
mass and muscle strength.”® This may explain the results
from cross-sectional studies in which sarcopenic individuals
had higher risk of retrospective falls and fractures compared
with non-sarcopenic individuals. On the other hand,
impaired standing balance is a strong risk factor for falls.®°
The ability to maintain balance requires interaction of
motor (muscle), nervous, and sensory systems.®! Muscle
strength and muscle mass have been shown to be positively
associated with the ability to maintain standing balance in
older adults,*>® which may explain the positive associations
between sarcopenia and falls/fractures in the prospective
studies.
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Figure 1 Forest plots of odds ratio for falls in sarcopenic individuals vs. ~ Figure 1 Continued
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Figure 2 Forest plots of odds ratio for fractures in sarcopenic individuals
vs. non-sarcopenic individuals, stratified by (A) study design; (B) study
population; (C) sex; (D) sarcopenia definition; (E) continent; and (F) study
quality. AWGS, Asia Working Group for Sarcopenia; Cl, confidence inter-
val; EWGSOP, European Working Group on Sarcopenia in Older People;
FNIH, Foundation for the National Institutes of Health; IWGS, Interna-

Figure 2 Continued
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tional Working Group on Sarcopenia; OR, odds ratio.
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Most of the studies included in this systematic review and
meta-analysis were conducted among community-dwelling
individuals. Three included studies examined the association
between sarcopenia and falls among nursing home resi-
dents®*3”7* and one study among hospitalized patients,*®
but no associations were found. In these specific populations,
sarcopenia as a risk for falls may be overshadowed by
other high prevalent risk factors such as the number of
diseases, urinary incontinence, polypharmacy, and antide-
pressant use.®3

Sarcopenia is mainly prevalent in older adults compared
with younger ages, where disease pathology is likely to be dif-
ferent. Muscle mass loss is multifactorial. Lifestyle behaviours
such as physical inactivity and poor diet are important con-
tributors to the loss of muscle mass and strength at any
age, and also, genetic contributions have been described.®*
With the aging process, other contributing factors include
state of chronic inflammation,®® functional and structural de-
cline of the neuromuscular systems, lower muscle turnover
and repair capacity due to decreased muscle protein synthe-
sis, and altered endocrine function.®%~%°

Our study showed that the positive association between
sarcopenia with falls and fractures was independent of most
of the applied sarcopenia definitions. However, using the
EWGSOP and IWGS definitions, which include low physical
performance and/or grip strength in addition to low muscle
mass in their diagnostic algorithm,?* higher risks of falls and
fractures among sarcopenic individuals compared with non-
sarcopenic individuals were shown. This indicates that low
muscle function has an additional role in the association with
falls and fractures compared with muscle mass alone. Cross-
sectional analysis among 3493 non-institutionalized older
adults found that low muscle mass and low muscle function
are independent risk factors for losing physical independence
in later life. However, individuals with both low muscle mass
and low muscle function presented the highest risk for losing
physical independence.®® In addition, a prospective study
suggested that muscle strength rather than muscle mass at
baseline was associated with increased falls risk score and
fracture incidence at 10 years follow-up in community-
dwelling older adults.>

This highlights the importance of muscle strength or
physical performance in the sarcopenia definition, in line with
current definitions.>®5%61:62.6893 5\ ever, literatures also
showed the value of including muscle mass in sarcopenia
definitions. Muscle mass but not muscle strength or physical
performance was associated with bone mineral density®* and
insulin resistance.®® This reflects the complex role of muscle
as not only a strength generator but also an important organ
performing protein storage, glucose regulation, hormone pro-
duction, and other cellular mechanisms.?® A discussion on the
use of a single diagnostic criterion or a combination of diagnos-
tic criteria for sarcopenia should take into account which crite-
rion has the strongest predictive value on clinical outcomes.

High heterogeneity was found for the association between
sarcopenia and fractures. This heterogeneity can largely be
attributed to one specific study, which included a combina-
tion of 359 hospitalized patients with fracture and 1614
community-dwelling older individuals as control group in
the same study population.®® In that study, the hospitalized
patients were older than the control group. Because the
prevalence of sarcopenia is higher with age,’” the association
between sarcopenia and fractures may be overestimated,
which is further underpinned by a high crude OR of the
association between sarcopenia and fractures. Note that
the association between sarcopenia and fractures remained
significant after excluding aforementioned study from the
meta-analysis.

Clinical implications

The robust outcome from our meta-analysis that sarcopenic
individuals have a significantly higher risk of falls and
fractures compared with non-sarcopenic individuals stresses
the urgency for timely diagnosis and treatment of sarcopenia
as a modifiable risk factor for falls and fractures. Interven-
tions aimed at slowing down the decline of muscle mass
and muscle strength and at treating sarcopenia should be
considered. Current evidence suggests that progressive resis-
tance training improves risk factors for falls and fractures
such as muscle function, balance, and functional mobility.*®
However, it is unclear if the effect of progressive resistance
training translates directly into a reduction in incidence of
falls and fractures.® Further randomized controlled trials ex-
amining the effect of progressive resistance training on falls
and fractures outcomes are warranted.

Strengths and limitations

In the absence of an international consensus definition of
sarcopenia, we included studies with different diagnostic
criteria of sarcopenia. In cases of missing data, we contacted
authors of studies to obtain the data needed to compute ORs.

A limitation of the present review was that results of
the included studies were expressed as crude as well as
adjusted ORs with varying adjustments. The inconsistency in
reporting effect size might have either overestimated or
underestimated the overall association of interest. In addi-
tion, most of the studies included in the systematic review
and meta-analysis were conducted among community-
dwelling individuals and a limited number of institutionalized
individuals. Subgroup analysis by continent was conducted
instead of ethnicity because data stratified by ethnicity was
not available.
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Conclusions

This systematic review and meta-analysis highlights the posi-
tive association between sarcopenia, falls, and fractures.
These findings are independent of study design, population,
sex, sarcopenia definition, continent, and study quality. This
strengthens the need to invest in studies evaluating
sarcopenia prevention and intervention programmes on its
effect on falls and fractures.
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