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ABSTRACT

International guidelines suggested that overweight and underweight are risk factors for frailty. However,
body composition, which directly affects body weight, was not mentioned as a risk factor. We aimed to
investigate whether the body composition, including muscle, fat, bone, and body water, is a risk factor for
frailty. MEDLINE, Cumulative Index to Nursing and Allied Health Literature, and Scopus were searched
up to June 03, 2022. We included cohort studies or observational studies using a cross-sectional design
that reported an association between body composition and frailty. Two reviewers assessed the quality
of the included cohort studies. Furthermore, we examined whether body composition as a risk factor for
frailty varies depending on the participant’s place of residence. Of the 3871 retrieved studies, 77 were
ultimately included, 7 of which were cohort studies. The risk-of-bias evaluation in each cohort study showed
that all studies had at least one concern. Low lean mass, waist circumference-defined abdominal obesity,
and bone mineral density were significantly associated with frailty in the cohort studies. The results of
bone mineral density were conflicted in the cross-sectional studies. Considering the participants’ place of
residence, a significant association between lower-extremity muscle mass and frailty was demonstrated,
particularly among Asian residents. Low lean mass and abdominal obesity were likely risk factors for
frailty. These results could be useful for developing frailty prevention strategies and could have a positive
impact on individual health management. Further, future studies are needed because body composition
affecting frailty may differ by race.
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INTRODUCTION

Frailty is a growing health problem in the aging population worldwide. It was first described
by Fried in terms of its physical characteristics (or “phenotype”) and is objectively identified as
three or more of the following five components: weakness (low grip strength), slowness (slow
walking speed), shrinking (unintentional weight loss), exhaustion (self-reported), and low physical
activity.! These factors inhibit rehabilitation, and frailty can lead to adverse health conditions such
as disabilities, hospitalization, and early mortality.>* The demand for long-term health care in frail
older adults has also increased, resulting in a heavy burden on the family as well as the society.’
Thus, identifying the risk factors of frailty is crucial to develop effective prevention strategies.

Frailty is not an essential part of aging, considering that many adults reach advanced ages
without developing frailty.® Various factors, such as physical inactivity, cardiovascular risk,
self-rated health, and alcohol use, have been identified as risk factors for frailty.”!" Overweight
or obesity, which can be possibly managed on a daily basis, and underweight have also been
considered as its risk factors.'*!

Body weight changes are influenced by changes in body composition, which includes muscle,
fat, bone, and body water. A similar weight loss has a different meaning for muscle mass
decrease and fat mass decrease."* Muscle mass loss is generally caused by inactivity,"> and
sarcopenia due to decreased muscle mass is related to frailty.'*! Physical inactivity can also
lead to increased fat and decreased bone mass,?**' and obesity and osteoporosis are reportedly
associated with frailty.”>* Furthermore, extracellular-to-intracellular water ratio has been associated
with functional disability,* which may result in physical activity decline, one of the elements
of frailty. However, few systematic reviews have examined whether body composition, which
directly affects body weight, influences the risk of developing frailty. Confirming the influence of
body composition on frailty clarifies the body composition that needs more attention. This step
could improve the quality of weight management and aid in the development of more effective
frailty prevention strategies.

Body composition may be influenced by race. Asians have a lower percentage of fast-twitch
fibers than other races.”?’ Considering that fast-twitch fibers tend to decrease with age, Asians
may be more likely to be classified as frail. By examining the impact of body composition on
frailty, taking race into account, we can better understand the relationship between frailty and
body composition. This may contribute to the development of higher quality frailty measures.

Therefore, this systematic review aimed to investigate whether the body composition, including
muscle, fat, bone, and body water, is a risk factor for frailty. Further, we examined the risk
separately for participants residing in Asia and for other participants.

MATERIALS AND METHODS

This review conformed to the Preferred Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA) guidelines and specific recommendations for systematic reviews.”® The review
protocol is registered in PROSPERO (Registration Number CRD: 42022336355).
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Inclusion and exclusion criteria

The inclusion criteria were the following: (1) cohort studies or observational studies using a
cross-sectional design that reported an association between frailty and body composition, and
(2) studies that assessed either muscle mass, fat, bone, or body water with respect to body
composition. In contrast, case reports, reviews, nonhuman studies, and unpublished studies were
the exclusion criteria.

Type of exposures

Participants examined in terms of body composition, which included muscle mass, skeletal
muscle index, fat mass, body fat distribution, body fat percentage, intra-abdominal fat, muscle
fat index, bone mineral density (BMD), and body water, were analyzed in this review. We also
included studies reporting risk factors or prevalence of frailty related to body composition.
Conversely, we excluded studies using only the body mass index including body weight as the
exposure, and those investigating the association between frailty and variables combining body
composition with physical function or medical history.

This review confirmed a significant relationship between frailty and body composition for
studies dealing with participants residing in Asia and other participants. We examined whether
there was a significant difference in the number of studies showing a significant relationship
between Asian residency and non-Asian residency by Fisher’s exact probability test. For studies
that presented results separately for men and women, the results for men and women were
counted as a single exposure. We excluded studies that reported the results of correlation analyses.
Statistical analyses were performed using JMP Pro version 16 (SAS Institute Inc, Cary, NC,
USA), with a significance level of 5%.

Type of outcome

We included studies that quantitatively assessed frailty by using a questionnaire or other
methods, such as Cardiovascular Health Study criteria based on the Fried Frailty Phenotype,' the
Study of Osteoporotic Fractures index,” Clinical Frailty Scale,**' and 34-item Frailty Index.*

Literature search and study selection

MEDLINE, Cumulative Index to Nursing and Allied Health Literature (CINAHL), and
Scopus were comprehensively searched, using keywords related to body composition and frailty
(Supplementary Table 1). The most recent literature search was performed on June 03, 2022, to
check for updated studies.

For preliminary elimination, two reviewers (KH and TH) independently screened all the study
titles and abstracts of search results. Subsequently, both researchers independently reviewed the
full text of the remaining studies. Any disagreements at either the article screening or the selection
stages were resolved through a discussion. If the disagreement persisted, another researcher (TM)
was consulted to achieve consensus.

Data extraction

From the included studies, data regarding the study design, setting, participants, exposures,
outcome measurements, statistical methods, and results were collected using a data-extraction
spreadsheet in Microsoft Excel 365 (Microsoft, Redmond, WA, USA). Two reviewers (KH and
TH) discussed and decided on the extracted data, which were confirmed by another researcher
(TM).
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Risk-of-bias evaluation in individual studies

To evaluate the risk of bias in each study, two researchers (YI and KH) independently applied
the Cochrane risk-of-bias instrument to assess the risk of bias in cohort studies. The articles
were evaluated using the predetermined criteria.*

RESULTS

Study selection

Figure 1 presents the literature search results. Using the computer-aided search strategy, we
identified 3871 studies, including 991 duplicates. The primary screening of the titles and abstracts
revealed 126 articles that were potentially eligible or for which no clear judgment could be made.
In the secondary screening (full-text review), 77 eligible articles were found.*'°

= Records identified from:
% Databases (n = 3871) Records removed before screening:
& - PubMed (n = 1216) »| Duplicate records removed (n = 991)
£ - Scopus (n =2109) Records marked as ineligible by automation tools (n = 0)
3 - CINAHL (n = 546) Records removed for other reasons (n = 0)
- Registers (n = 0)
—
Records screened > Records excluded
(n = 2880) (n =2754)
A
Reports sought for retrieval .| Reports not retrieved
2 (n=126) "l (n=0)
c
3
1
3
»n
:?nei)c:r;z)assessed for eligibility »| Reports excluded (n = 49);
Exposures were not body compositions (n = 11)
Outcomes were not frailty (n = 30)
Not cohort study or cross-sectional study design (n = 4)
Other reasons (n = 4)
Vo v
3
k] Studies included in this review
E (n=77)

Fig. 1 Flow diagram of the study selection process

Study characteristics

Table 1 and Supplementary Table 2 summarize the features of the 77 studies included in the
final analysis. Among these studies, 7 were cohort studies,’6!.76808692.108 and 7() were cross-sectional
studies. 35627577 1981-8587-91.93-107.109.110 The sample sizes ranged from 20 to 7753, and the participants’
average or median age ranged from 48.6 to 83.4 years.

Furthermore, 54, 47, 17, and 6 studies reported exposures related to muscles,
55.56.58,59.,62-64,67-75,77,78,80-82,85-88,90,91,93-100,102-106,108,109 fat,34—36,38,40—46.49,50,53.54,56—63,68,71—79,82,84,86,88.91—93,96,98,101,103—105,110
bone,35,40,47,50,58,62,65,66.78.89.92.97.102,104,106—108 and body Water,38'71'75'78'83'85 respectively. We found three Stud—

ies constructing a predictive model of frailty combined with body composition as one independent

35,37-41,44,47.48,50-52,
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variable.’1921% QOne study also constructed a predictive model of frailty combined with body
composition and reported its accuracy without the odds ratio of each independent variable.!’

For assessing frailty, 53 studies used the Fried Frailty Phenotype or Cardiovascular Health Study
Criteria’34-37,40-43,46,47,49-52,54-57,59-61,63,66-68,7|,73-8(),83,85-89,91,93-97,101-]()4,]06,[07,1()9 3 used the Study Of Osteoporotic
Fractures index,®#¢1% 3 ysed Clinical Frailty Scale,®®>% and 3 used Frailty Index.®*’%!'"® The 19
remaining studies reported different frailty-related outcomes3?44:45:48:33.64.65.69.70.72.81.82.84.90.92.98.99.105.108
(Table 1 and Supplementary Table 2).

Muscle-related exposures

Table 2 and Supplementary Table 3 summarize the studies’ main results regarding exposures
related to different body compositions.

Concerning muscle-related exposures, we found 51 cross-sectional studies®>-37-41:4447.48.50-52.
55,56,58,59,62-64,67-75,77,78,81,82,85,87,88,90,91,93-100,102-106,109 and 3 cohort Studies.S(),%,IOS One COhOI't study reported
low lean mass (LM), which was regarded as a categorical variable with cut-off values (ap-
pendicular lean mass/body mass index < 0.789) and was significantly associated with onset of
frailty.®® Similarly, lower appendicular lean mass index was reported to be a significant risk factor
for frailty during a long follow up period in the other study.'® In the other study assessed the
influence of arm muscle area, calf circumference, and appendicular skeletal muscle mass index
for onset of pre-frailty with univariate analysis, and did not show a significant association.®® This
study had a short follow-up period of one year.

Of the 51 cross-sectional studies, 31 conducted multivariate analyses.337-41:44:52:55.56.59.67.70-72,
74,77,81,82,85,87,88,93,94,98,99,102,103,105,106,109 Ten studies reported skeletal muscle mass index35,37,41,59,70,82,87,88,98,99;
among them, 9 analyzed without separating men and women,33741:59708287.8899 with 6 showing
significant negative associations with frailty.3>3741598899 The only one study conducting an
analysis by sex showed that only men demonstrated a significant negative association with
frailty.”® Moreover, 6 studies reported skeletal muscle mass33448893105. among them, 4 analyzed
without separating men and women,**#4881% with 3 showing significant negative associations with
frailty. 8438 Of the two studies that were analyzed by sex,*** one showed that both sexes were
negatively associated with frailty®®; the other study showed a significant association with frailty
in men only.* Furthermore, three studies reported LM®-1%19; two of them regarded LM as a
categorical variable with a cut-off value (<0.512 for women and <0.789 for men, appendicular
lean mass/height® < 5.45 kg/m? for women and < 7.26 kg/m? for men, respectively) and showed
significant negative associations with frailty.!®>!® One of these three studies considered LM
as a continuous variable and did not show a significant association with frailty.®* In addition,
five studies evaluated the lower-extremity muscles (calf circumference’>>**% and thigh muscle
cross-sectional area*), and all showed significant negative associations with frailty. Moreover, five
studies reported upper-extremity muscles (mid-arm circumference,”7’>% mid-arm muscle circumfer-
ence,”* mid-arm muscle area,’”” and pectoralis muscle area®”). However, only 3 of these five studies
showed significant negative associations with frailty,>>’7* and 1 reported a significant association
in a limited number of participants.”> Each of the 12 remaining exposures was reported in a
single study,-5%7071.7781.87.93.102103 with 8 revealing significant associations with frailty.**°70.77.87.93.103

The percentage of studies that found a significant association between muscle-related exposure
factors and frailty is presented in Figure 2, separately for studies with Asian residents and studies
with non-Asian residents. The studies of Asian residents indicated a higher proportion of studies
reporting a significant difference in lower extremity muscle mass (p=0.015).
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Table 3 Risk of bias evaluation of included studies in the systematic review (Cohort studies)

Garcia- Bouillon  Thompson Uno Hirani Gajic- Tembo
Esquinas et al,® et al,”® et al,® et al,% Veljanoski et al,'*®
et al,” 2013 2018 2021 2017 et al,”? 2021
2015 2018

1. Was selection of exposed PY PY PY PY PY PY PY
and non-exposed cohorts
drawn from the same
population?

2. Can we be confident in the PN PN PN DY PN PN PN
assessment of exposure?

3. Can we be confident that DY DN DY DY DN DN PY
the outcome of interest
was not present at start of
study?

4. Did the study match PY PN PN PY PY PY PY
exposed and unexposed
for all variables that
are associated with the
outcome of interest or
did the statistical analysis
adjust for these prognostic
variables?

5. Can we be confident in the PN PN PN PY PN PN PN
assessment of the presence
or absence of prognostic
factors?

6. Can we be confident in the DY DY DY DY DY PN DY
assessment of outcome?

7. Was the follow up of DY PN PY PY DN DY DN
cohorts adequate?

8. Were cointerventions PN PN PN PN PN PN PN
similar between groups?

DN: definitely no (high risk of bias)
DY: definitely yes (low risk of bias)
PN: probably no
PY: probably yes

Nagoya J. Med. Sci. 87. 1-21, 2025 10 doi:10.18999/nagjms.87.1.1



Body composition and frailty

@ Significant O Not significant
A
[ ] [ :
° [
2 0 0 0 0 0 0 0 2 0 2 0
0 1 0 1 0 1 1 0 1 0 0 0
O O O O O
oL ASA L NS ASA L JOL AsiA Aok ASA L JOL AT RIS
whole body Lower limb Upper limb Whole body Trunk fat BMD
Muscle Fat Bone
B . @ Significant O Not significant
o 00 000 e o [ 1 ] : .: [ N ) [ L X J o o
738" % i} @3 §3° &8
H e S ® o °
HH ° ° ° °
o oo
20 18 1 6 8 1 13 8 4 1 9 3 1 7 5 8 0 3 3
OM nos5 o0 6 1 0o o mow0o 1B 6 5 2 8 2 6 0 1o
Q Q
Q
5.8 8 RN EN G
ODE & OO0 5 88 &
(o] Q0 O o O O 00 O (o)} (e]

Not

Not Not Not
ASA o

sl AsiA

whole body | ower imb, Upper fimb Ofher Whole body Tunk fat Other BMD Other Body water

Not Not Nol Not A Not Not
asa o NoUasa Mol s Nt asa Nl asa Mol aua Notasa Nl asa Nt asa

Muscle Fat Bone Water

Fig. 2 The number of studies that found a significant association between body compositions and frailty
in Asian and other residents
Fig. 2A: Cohort studies.
Fig. 2B: Cross-sectional studies.
BMD: bone mineral density
*p <0.05

Fat-related exposures

We found 4 cohort studies®®¢*% and 43 cross-sectional studies.36-38:40-4649.50.33.54.56-59.62.63.68.71-75.
77-79.8284.88.91-93.9698.101.103-105.110 Of the 4 cohort studies, 3 reported waist circumference (WC).%6176
Among these 3 studies, 2 defined obesity by WC with cut-off values®™ (>102 cm for men,
>88 cm for women), with 1 showing a significant positive association with onset of frailty." In
the other study, obesity was significantly positively associated with worsening frailty index in
those who were non-frail at baseline.”® One of the three studies, which included non-frail and
pre-frail participants at baseline, did not show a significant association between WC and frailty.!
Furthermore, one of the four cohort studies reported body fat percentage, which also did not
show a significant association with frailty.%

Of the 43 cross-sectional studies, 25 conducted multivariate analyses.34-36-38:40:41:44-4649.53.56.
58,59.71,72,77.82,84,88,91,93,103,105,110 Thirteen StudieS reported WC’35,36,38,40,41,45.46.49,56,59,71,8&110 Wlth SiX regarding
WC as a categorical variable and showed significant positive associations with frailty,?>-36.384549.110
We also found 7 studies that considered WC as a continuous variable,041:46:56.3971.88 yith 3
showing significant positive associations with frailty.**>*’" Five studies reported body fat percent-
age, 8291103105 and three of them analyzed by sex.®!°%1% In these three studies, one showed a
significant positive association with frailty only in men,*> whereas the others did not report any
significant associations.'®!% The two remaining studies did not analyze by sex and showed
no significant associations with frailty.”' Four studies reported fat mass,*®7"819 with three
showing significant positive associations with frailty.*®”"% Three studies reported waist-hip ratio
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(WHR),*849 with two treating WHR as a continuous variable and showing significant positive
associations with frailty.***3 The other study considered WHR as a categorical variable and did
not show a significant association.* Moreover, two studies reported visceral adipose tissue, and
both showed significant positive associations with frailty.**** Two studies reported visceral fat
area,*>% with one treating visceral fat area as a continuous variable and showing a significant
positive association with frailty.* Each of the five remaining exposures was reported in a single
study,®7>7719 with two reporting significant positive associations with frailty®’” and one reporting
a significant positive association when the number of participants was limited.'®

The percentage of studies that found a significant association between fat-related exposure
factors and frailty is presented in Figure 2, separately for studies of Asian and non-Asian
residents. There were no statistical differences between participant’s place of residence and the
percentage of studies showing a significant relationship between fat-related exposures and frailty.

Bone-related exposures

We found 2 cohort study®>!®® and 15 cross-sectional studies,3340:47:50.58:62.63.66.78.89.97.102.104.106.107 Qpe
cohort study reported BMD T-score and showed a significant negative association with onset of
frailty when participants had prior low trauma fractures.”” The other also reported that BMD was
a significant risk factor for frailty.'"

Of the 15 cross-sectional studies, 7 conducted multivariate analyses.3340658:102106.107 Among these
7 studies, 4 reported hip BMD,*%06517 with three showing significant negative associations with
frailty,*4%% and 3 reported BMD-defined osteoporosis®!>1% in which all did not show significant
differences. In addition, two studies reported lumbar BMD,*% and one of them reported a
significant negative association with frailty.®> One study assessed broadband ultrasound attenua-
tion, speed of sound, and stiffness index, but only the stiffness index in men was significantly
negatively associated with frailty.'"’

The percentage of studies that found a significant association between bone-related exposure
factors and frailty is presented in Figure 2, separately for Asian and non-Asian residents. There
were no statistical differences between participant’s place of residence and the percentage of
studies showing a significant relationship between bone-related exposures and frailty.

Body water-related exposures

We found 6 cross-sectional studies®®7!7>788385 in which 2 conducted multivariate analyses.”'*
In these 2 studies, 1 reported the extracellular water-intracellular water ratio,”" and the other
reported the intracellular water-LM ratio.®® Both studies showed significant associations with
frailty (extracellular water-intracellular water ratio; positive association and intracellular water-LM
ratio; negative association.).

The percentage of studies that found a significant association between body-water-related
exposure factors and frailty is presented in Figure 2, separately for studies of Asian and non-Asian
residents. There were no statistical differences between participant’s place of residence and the
percentage of studies showing a significant relationship between body water-related exposures
and frailty.

Other exposures

We found 1 cohort study® and 2 cross-sectional studies.'®*!% One cohort study reported obesity
plus low LM and showed a significant positive association with frailty.%

Two cross-sectional studies conducted multivariate analyses.'®! One study reported BMD
plus LM,'” and the other reported osteoporosis plus LM.! Both showed significant positive
associations. 0210
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All these studies were conducted on non-Asian residents.

Risk-of-bias assessment

Table 3 summarizes the risk-of-bias evaluation of the included studies. In brief, one study
had one item rated as probably no or definitely no.** Another study had three items rated as
probably no or definitely no.®® With similar rules, 6,°' 582 and 47! items rated as probably
no or definitely no were found in 1, 2, and 2 studies, respectively.

DISCUSSION

This study aimed to investigate whether the body composition, including muscle, fat, bone, and
body water, is a risk factor for frailty. We found 77 studies that met our criteria. Among them,
seven cohort studies suggested that low LM, WC-abdominal obesity, and BMD were significant
risk factors for frailty. Conversely, body fat percentage-defined obesity was not significantly
associated with frailty. The sample sizes ranged from 20 to 7753, and the participants’ average
or median age ranged from 48.6 to 83.4 years. Fried Frailty Phenotype or Cardiovascular Health
Study criteria were used as the outcomes of frailty in 53 studies. The reports ranged from small-
group reports to large-data analyses, and frailty has been reported in older adults and young
individuals. The risk-of-bias evaluation in each study according to the Cochrane risk-of-bias
instrument showed that all studies had at least one concern. Focusing on Asian residents, there
was a significant association between lower extremity muscle mass and frailty.

International guidelines about frailty diagnosis and management suggested overweight or
underweight as one of the risk factors for frailty; currently, body composition, which directly
affects body weight, has not been mentioned as a risk factor.!"" Sarcopenia was reported to be
associated with frailty,'®' but it is not a concept consisting solely of body composition. In the
present study, we showed the relationship between body composition and frailty.

In the studies reporting muscle-related exposures, two out of three cohort studies showed
a significant association between LM and onset of frailty.’¢!% The other study did not show
significant association between muscle related exposures and pre-frailty.’ This difference could
be partly explained by follow-up period and the difference of exposures. The latter study had a
shorter follow-up period of one year than the former studies, and the muscle related exposure
was different between former and latter studies. Of the cross-sectional studies using multivariate
analyses, the largest number (10) reported skeletal muscle mass index,3537:41:59.708287.889899 AJthough
more than half of these studies showed significant negative associations with frailty, the results
remained inconsistent. The differences in these results were difficult to explain, owing to the
dissimilarities in participants or outcomes. Four studies evaluated the lower-extremity muscles (calf
circumference™*** and thigh muscle cross-sectional area*) and consistently showed significant
negative associations with frailty. Regarding the upper-extremity muscles (mid-arm circumfer-
ence,’>% mid-arm muscle circumference,” mid-arm muscle area,’”” and pectoralis muscle area®),
the results were conflicted. The lower-extremity muscle mass significantly positively correlated
with physical activity,'”” and physical activity is one of the components of frailty." Thus, muscle
atrophy in the lower extremities would have a more direct effect on frailty than that in the
upper extremities.

In studies reporting fat-related exposures, four were cohort studies.®*¢!768 Abdominal obesity
defined by WC was significantly positively associated with frailty,**” but that defined by body
fat percentage showed no significant association.’® One cohort study reported a conflict result as
WC was not significantly associated with frailty.' This difference may partly be explained by
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participants’ characteristics at baseline. This previous study may meet the criteria for pre-frailty at
baseline due to the low physical activity of more than half of the participants. WC could affect
frailty depending on the physical status of the measurement.® Eighteen cross-sectional studies
reported abdominal obesity—related exposures (WC, WHR, visceral fat area, and visceral adipose
tissue),3+-36.38:4041.43-46.49.56.58.5971.84.8893.110 A] studies treating WC as a categorical variable, such as
WC associated with abdominal obesity, showed significant associations with frailty,3>-36-38:4549.110
whereas the results in studies treating WC as a continuous variable were conflicting,0:4!:46.36.59.71.88
WHR and visceral fat area treated as continuous variables showed significant associations with
frailty.*# All two studies reported that visceral adipose tissue showed significant positive as-
sociations with frailty.>*3> Interestingly, almost all studies reporting body fat percentage showed
no significant association,”?103195 gugoesting that abdominal obesity, including visceral fat, is
more likely to be associated with frailty than total body fat. This finding is consistent with that
of previous studies reporting the association between metabolic syndromes, including abdominal
obesity, and frailty.'">!'"> Abdominal obesity is positively related to frailty even when adjusted for
comorbidities.?*387176110 Tn the previous studies, metabolic syndromes were associated with low
physical activity,'* unintentional weight loss,'* and low grip strength.'"* In addition, WC and
metabolic syndrome are associated with mobility decline.!'®!'” According to five components of
frailty, namely, weakness (low grip strength), slowness (slow walking speed), shrinking (unin-
tentional weight loss), exhaustion (self-reported), and low physical activity,! abdominal obesity
is considered as a risk factor for frailty.

In the studies reporting bone-related exposures, two cohort studies showed significant negative
associations between BMD and onset of frailty.”>! One cohort study revealed a significant
association between BMD T-score and frailty in participants with prior low trauma fractures.®?
Considering the conflicting results of cross-sectional studies, further study is needed. In the studies
reporting body water-related exposures, no cohort study was found. Cross-sectional studies with
multivariate analyses showed consistent associations with frailty,”'*° although the reports were
few. Further research is needed to make definitive conclusions.

Of the studies that examined the association between the combined variable of body composi-
tion and frailty, only one reported an adjusted odds ratio, and it was a cohort study.®® Obesity
combined with low LM was significantly positively associated with frailty, consistent with the
abovementioned results. The previous cohort study also mentioned an association between frailty
and sarcopenic obesity.!'®

Considering the relationship between body composition and frailty by dividing the subjects’
residence into Asian and non-Asian, a higher percentage of articles showed a significant as-
sociation with frailty among those living in Asia with respect to lower limb muscle mass. In
sarcopenia, which conceptually overlaps with the physical aspects of frailty, unique Asian criteria
have been established.''® The percentage of muscle fibers by race differs significantly. Asians,
including Japanese people, have the lowest percentage of fast twitch muscle fibers compared to
other racial groups.”?” Since fast-twitch fibers tend to decrease with age, Asians, who structurally
have fewer fast-twitch fibers, may be more likely to be assessed as frail as they age. However,
there are no studies on risk factors for frailty by race, and further validation is needed.

This review indicates that low LM, particularly the muscle mass of the lower extremities,
and abdominal obesity were likely risk factors for frailty. These results not only could be useful
for healthcare providers to develop frailty prevention strategies but could also have a positive
impact on the way people manage themselves. On the individual level, given that WC is easy
to measure, people may need to focus on WC, as well as body weight, for preventing frailty.
Moreover, this study could be a basis for implementing Lifestyle Health Checkups and Health
Guidance in Japan.'® This strategy could help prevent and early detect lifestyle-related diseases,
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focusing on abdominal obesity. It could also be beneficial for preventing frailty on the national
level. In addition, body composition assessments are included in malnutrition diagnosis. Based
on the findings of this study, these prevention strategies could be useful not only for frailty but
also for malnutrition.

This systematic review has several limitations. First, some relevant studies might be missed
because our search strategy used selected words and databases. Second, most of the studies were
cross-sectional studies, and only a few were cohort studies. Further studies with high-quality
evidence are needed. Third, considering the heterogeneity of the participants, analysis method, and
outcomes for frailty, we did not consider quantitative analyses. Nonetheless, to our knowledge,
this study is the first to consolidate evidence on body composition’s influence on frailty in various
participants. The present results still need to be verified by high-quality studies, with definitive
conclusions regarding the influence of body composition on frailty.

Low LM and abdominal obesity were likely risk factors for frailty. Regarding muscles, lower-
extremity muscles may be more associated with frailty than the upper-extremity muscles. The
bone-related results were inconsistent, and no studies had high-quality evidence with respect to
body water. Further verification is needed because body composition affecting frailty may differ
by race.
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