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Background. Both low skeletal muscle mass and delirium are prevalent in older hospitalized patients, while their associations are
unclear. Tis systematic review and meta-analysis aim to investigate the associations between low skeletal muscle mass and the
incidence of delirium in hospitalized patients. Methods. Te PubMed, Web of Science, and Embase were searched for relevant
studies published before May 2022, and we conducted this systematic review and meta-analysis according to the PRISMA and
MOOSE guidelines. Te summary odds ratios (OR) and 95% confdence intervals (CI) were estimated, and subgroup analyses
were also conducted according to the age and major surgeries. Results. Finally, nine studies with 3 828 patients were included.Te
pooled result showed no signifcant association between low skeletal muscle mass and the incidence of delirium (OR 1.69, 95% CI
0.85 to 2.52). However, sensitivity analysis suggested that one study caused a signifcant alteration of the summary result, and the
meta-analysis of the remaining 8 studies showed that low skeletal muscle mass was signifcantly associated with an 88% increased
incidence of delirium (OR 1.88, 95% CI 1.43 to 2.33). Furthermore, subgroup analyses indicated that low skeletal muscle mass was
associated with a higher incidence of delirium in patients ≥75 years old or undergoing major surgeries instead of those <75 years
old or without surgeries, respectively. Conclusions. Hospitalized patients with low skeletal muscle mass might have higher
incidence of delirium, particularly in those of older age and undergoing major surgeries. Terefore, great attention should be paid
to these patients.

1. Introduction

Sarcopenia is a progressive and generalized skeletal muscle
disease that is characterized by the loss of skeletal muscle
mass and function [1, 2], and low skeletal muscle mass is the
most important diagnostic criterion of sarcopenia [3]. Old
age is an important risk factor of low skeletal muscle mass.
It is reported that after 50 years old, people could lose an
average of about 15% of their skeletal muscle mass per
decade [4], leading to an increased prevalence of low

skeletal muscle mass in older populations [5]. Besides, low
skeletal muscle mass is more prevalent in patients with
cancer, with a median incidence of 43% as reported in
a recent systematic review of 156 studies [6]. Te normal
skeletal muscle mass is important for health, and our
previous study indicated that computed tomography (CT)
or bioimpedance analysis (BIA) determined low skeletal
muscle mass could lead to increased risks of many adverse
health-related outcomes such as poor survival and in-
creased postoperative complications [7].
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Delirium, an acute state of brain failure, which is defned
as an acute and fuctuating impairment in attention,
awareness, and cognition [8–10]. A recent meta-analysis of
33 studies estimates that the overall prevalence of delirium is
about 23% in medical inpatients [11]. While for patients
undergoing high-risk surgeries such as hip fracture repair
and cardiac surgery, the rate of postoperative delirium could
be much higher [9, 10]. Delirium is signifcantly associated
with poor outcomes in hospitalized patients, such as an
increased risk for death, nosocomial complications, pro-
longed length of stay, and poor cognitive recovery [9].
Terefore, it is important to discover the delirium-related
risk factors and prevent delirium for hospitalized patients.

Skeletal muscle, one of the largest metabolic organs, is
thought to infuence cognitive functions [12]. However, the
associations between low skeletal muscle mass and the in-
cidence of delirium are not well understood yet. Although
some observational studies have looked at this issue recently,
it is controversial whether skeletal muscle mass is signif-
cantly associated with the incidence of delirium in hospi-
talized patients [13–16]. Te inconsistences of these studies
might be caused by confounding factors such as the age and
diferent disease conditions of included patients. Terefore,
to better understand this issue, we conducted this systematic
review and meta-analysis, which could be helpful to un-
derstand the relationship between skeletal muscle mass and
delirium and prevent the delirium in hospitalized patients.

2. Methods

Tis systematic review and meta-analysis were registered at
PROSPERO (CRD42022330979).

2.1. Study Search and Inclusion Criteria. We conducted and
reported this systematic review and meta-analysis according
to the PRISMA and MOOSE guidelines [17–19], and the
PRISMA and MOOSE checklists were reported in the
supplementary materials (available here).Te PubMed,Web
of Science, and Embase were searched independently by two
authors for relevant studies about the associations between
low skeletal muscle mass and delirium published before May
2022. Te terms for searching were as follows: (“sarcopenia”
OR “skeletal muscle loss” OR “low skeletal muscle” OR
“muscle wasting” OR “muscle atrophy”) AND (“delirium”
OR “deliration” OR “cognitive”). Detailed search strategies
for each database were shown in the supplementary mate-
rials. Furthermore, the references of related studies were also
reviewed for potential articles missed in the initial search.
When the full-text studies are not available, we will contact
the authors using e-mail.

All studies retrieved from the electronic databases were
reviewed by two authors independently, and the disagree-
ments were resolved by discussion. Te inclusion criteria
were: (1) observational studies about the hospitalized pa-
tients; (2) the skeletal muscle mass of each patient was
assessed by CT, BIA or other methods; (3) the relevant data
about the associations between skeletal muscle mass and
delirium were reported; and (4) the studies were published

in English. editorials, reviews, abstract, and animal studies
were excluded from this systematic review and meta-
analysis. For each included study, the quality was evalu-
ated based on the Newcastle-Ottawa-Scale (NOS) [20].

2.2. Data Extraction. For each included study, the data were
extracted by two authors independently, and the extracted
data were as follows: the name of the frst author and the year
of publication; the country where the study was conducted;
the design of the study; the assessment of skeletal muscle
mass and the defnition of low skeletal muscle mass; the
assessment of delirium; the study population and number of
patients; and the incidence of delirium or the estimates of
efect size with 95% confdence intervals (CI) about the
associations between skeletal muscle mass and the incidence
of delirium.

2.3. Statistical Analysis. In this systematic review and meta-
analysis, the software STATA version 15.0 was used for all
statistical analyses. Considering the assessment of skeletal
muscle mass and the defnition of low skeletal muscle mass
were inconsistent among the included studies, all the
summary odds ratios (OR) and 95% CI were estimated with
a random-efects model. Te heterogeneity was assessed by
Q statistic [21], and a P value of theQ test <0.1 or the I2 value
≥50% meant a statistically signifcant heterogeneity. Te
stability of the summary result was evaluated by sensitivity
analysis, which was performed by omitting one study at
a time during repeated analyses. If the removal of a study
leads to a signifcant bias in the summary efect size and 95%
CI, the study will be eliminated [22, 23].Te publication bias
was visualized by funnel plots and assessed by Egger’s test,
and a P value of less than 0.1 was considered statistically
signifcant publication bias. When publication bias existed,
the trim-and-fll method would be used to estimate an
adjusted summary OR and 95%CI and eliminate publication
bias [23]. Furthermore, we also conducted subgroup ana-
lyses according to the age and whether patients undergoing
surgeries. All statistical tests were two-sided.

3. Results

From the three electronic databases and references of related
studies, we identifed 1,979 studies. After reviewing the title,
abstract, and full text, nine studies [13–16, 24–28] were f-
nally included in this systematic review and meta-analysis
(Figure 1). Te median NOS quality score was 8 (range from
6 to 8) (Table 1).

Tese 9 studies contained a total of 3,828 patients from
America, Italy, Japan, South Korea, and the Netherlands.
Only one study included patients with a mean age of
59.4 years old, and the other studies included patients with
a mean or median age of over 60 years old. Te skeletal
muscle mass was assessed by CTor MRI in 6 studies and by
BIA in 2 studies, and only one study assessed the muscle
mass according to the calf circumference. Besides, patients in
7 studies underwent kinds of major surgeries. Te detailed
information of included studies was shown in Table 1.
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For the associations between low skeletal muscle mass
and the incidence of delirium, the pooled result of 9 included
studies showed no signifcant association existed (OR 1.69,
95% CI 0.85 to 2.52; Pheterogeneity � 0.02) (Figure 2(a)).
However, sensitivity analysis suggested that only after re-
moving the study by Pernik et al. [15], the pooled result
turned to be signifcant (Figure 2(b)). Considering that in the
study by Pernik et al. patients with higher skeletal muscle
mass had a signifcantly higher BMI than those with low
skeletal muscle mass (BMI 29.6 vs. 27.5, P � 0.02), and
a higher BMI could be associated with an increased risk of
postoperative delirium [29–31]. To decrease the risk of bias,
we removed the study by Pernik et al. in the subsequent
analyses.

Te pooled result of the remaining 8 studies showed that
low skeletal muscle mass was signifcantly associated with an
88% increased incidence of delirium in hospitalized patients
(OR 1.88, 95% CI 1.43 to 2.33; Pheterogeneity � 0.86)
(Figure 3(a)). However, the funnel plot and Egger’s test
suggested existence of publication bias (P � 0.05)

(Figure 3(b)). Terefore, the trim-and-fll method was
conducted, and the adjusted summary result also showed
that low skeletal muscle mass was signifcantly associated
with an increased incidence of delirium (OR 2.00, 95% CI
1.42 to 2.82) (Figure 3(c)).

In subgroup analysis, we observed signifcant associa-
tions between low skeletal muscle mass and incidence of
delirium in both patients with or without major surgeries,
but low skeletal muscle mass was associated with a higher
incidence of delirium in patients undergoingmajor surgeries
(OR 2.21, 95% CI 1.08 to 3.34; Pheterogeneity � 0.84;
Figure 4(a)) than those without surgeries (OR 1.82, 95% CI
1.32 to 2.31; Pheterogeneity � 0.37; Figure 4(b). Furthermore,
subgroup analysis of age indicated that low skeletal muscle

mass was signifcantly associated with an increased in-
cidence of delirium in patients ≥75 years old (OR 1.83, 95%
CI 1.36 to 2.31; Pheterogeneity � 0.58; Figure 5(a)) instead of
those <75 years old (OR 2.38, 95% CI 0.82 to 3.95;
Pheterogeneity � 0.84; Figure 5(b)).

4. Discussion

To our knowledge, this study is the frst systematic review
andmeta-analysis investigating the associations between low
skeletal muscle mass and the incidence of delirium in
hospitalized patients. Te initial meta-analysis of the whole
nine studies did not yield a signifcant association between
low skeletal muscle mass and the incidence of delirium.
Terefore, we performed a sensitivity analysis and removed
the study by Pernik et al. [15] which could increase the risk of
bias. Te subsequent analyses indicated that low skeletal
muscle mass was signifcantly associated with an increased
incidence of delirium in hospitalized patients, particularly in
those undergoing major surgeries or ≥75 years old. Among
the studies included in this systematic review and meta-
analysis, three studies reported no signifcant association
between low skeletal muscle mass and the incidence of
delirium [13, 24, 26]. Te reasons we speculated might in-
clude younger age and lower incidence of delirium. For
example, participants in the two studies reporting non-
signifcant association had a mean age of <75 years old
[13, 26], while other participants in the studies of signifcant
association reported by Zucchelli et al. for instance, had
a mean age of over 80 years old [16, 27]. Furthermore, in
another study reporting nonsignifcant association [24], the
incidence of postoperative delirium is just about 5.7% and
4.4% in ovarian cancer patients with low and normal muscle
mass, respectively, and there were only 11 patients having
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Figure 1: Flow chart of the study selection process.

International Journal of Clinical Practice 3



Ta
bl

e
1:

C
ha
ra
ct
er
ist
ic
s
of

in
cl
ud

ed
st
ud

ie
s.

A
ut
ho

r;
ye
ar

C
ou

nt
ry

St
ud

y
de
sig

n
A
ss
es
sm

en
t
of

sk
el
et
al

m
us
cl
e

m
as
s

D
ef
ni
tio

n
of

lo
w

sk
el
et
al

m
us
cl
e
m
as
s

A
ss
es
sm

en
t
of

de
lir
iu
m

St
ud

y
po

pu
la
tio

n
N
o.

of
pa
tie
nt
s

(n
)

N
O
S
qu

al
ity

as
se
ss
m
en
t

Pe
rn
ik

et
al
.

20
22

[1
5]

A
m
er
ic
a

Re
tr
os
pe
ct
iv
e

co
ho

rt
st
ud

y
PM

I
(b
y
C
T
an
d

M
RI
)

PM
I
qu

ar
til
e
4

A
ch
ar
t
re
vi
ew

m
et
ho

d
Pa

tie
nt
s
≥6

5
ye
ar
s
ol
d

re
ce
iv
in
g
th
or
ac
ol
um

ba
r

sp
in
e
su
rg
er
y

19
6

7

H
w
an
g
et

al
.

20
22

[1
3]

So
ut
h
K
or
ea

Re
tr
os
pe
ct
iv
e

co
ho

rt
st
ud

y
A
pp

en
di
cu
la
r
SM

I
(b
y
BI
A
)

SM
I
(m

al
es
,<

7.
0
kg
/m

2 ;
fe
m
al
es
,<

5.
7
kg
/m

2 )

Ba
se
d
on

th
e
di
ag
no

st
ic

an
d
st
at
ist
ic
al

m
an
ua
lo

f
m
en
ta
ld

iso
rd
er
s,
4t
h

ed
iti
on

Pa
tie
nt
s
w
ith

a
m
ea
n
ag
e
of

ov
er

70
ye
ar
s
ol
d
re
ce
iv
in
g

to
ta
lk

ne
e
ar
th
ro
pl
as
ty

45
2

8

Zu
cc
he
lli
et
al
.

20
22

[1
6]

It
al
y

C
ro
ss
-s
ec
tio

na
l

st
ud

y
Ba

se
d
on

th
e
ca
lf

ci
rc
um

fe
re
nc
e

C
al
fc

ir
cu
m
fe
re
nc
e
≤3

4
cm

fo
r
m
al
es
,≤

33
cm

fo
r

fe
m
al
es

Ba
se
d
on

a
4A

T
sc
or
e

Pa
tie
nt
s
w
ith

a
m
ea
n
ag
e
of

83
.1
ye
ar
s
ol
d
an
d
w
er
e

ad
m
itt
ed

to
ac
ut
e
ho

sp
ita

l
m
ed
ic
al

w
ar
ds
,e
m
er
ge
nc
y

de
pa
rt
m
en
ts
,r
eh
ab
ili
ta
tio

n
w
ar
ds
,n

ur
sin

g
ho

m
es
,a

nd
ho

sp
ic
es

16
75

8

va
n
de
r

Za
nd

en
et

al
.

20
21

[2
4]

T
e

N
et
he
rla

nd
s

Re
tr
os
pe
ct
iv
e

co
ho

rt
st
ud

y
SM

Ia
tt
he

L3
le
ve
l

(b
y
C
T)

SM
I
<3

8.
50

cm
2 /
m

2
N
ot

re
po

rt
ed

W
om

en
w
ith

a
m
ed
ia
n
ag
e

of
75
.9
(f
ro
m

70
to

89
)y

ea
rs

ol
d
re
ce
iv
in
g
su
rg
er
y
fo
r

ov
ar
ia
n
ca
nc
er

21
3

7

H
ir
as
e
et

al
.

20
21

[2
5]

A
m
er
ic
a

Re
tr
os
pe
ct
iv
e

co
ho

rt
st
ud

y
PM

I
(b
y
C
T
an
d

M
RI
)

PM
I
be
lo
w

th
e
ge
nd

er
sp
ec
if
c
cu
t-
of

va
lu
es

de
te
rm

in
ed

us
in
g
re
ce
iv
er

op
er
at
in
g
ch
ar
ac
te
ri
st
ic

cu
rv
es

an
d
yo
ud

en
in
de
x

N
ot

re
po

rt
ed

Pa
tie
nt
s
w
ith

a
m
ea
n
ag
e
of

60
.1
ye
ar
s
ol
d
re
ce
iv
in
g

co
m
pl
ex

re
vi
sio

n
th
or
ac
ol
um

ba
r
sp
in
e

su
rg
er
y

11
4

7

Jo
ne
s
et

al
.

20
20

[2
8]

A
m
er
ic
a

C
as
e-
co
nt
ro
l

st
ud

y
SM

Ia
tt
he

L3
le
ve
l

(b
y
C
T)

SM
I≤

41
.6
cm

2 /
m

2
fo
rm

al
es

an
d
≤3

2.
0
cm

2 /
m

2
fo
r

fe
m
al
es

N
ot

re
po

rt
ed

Pa
tie
nt
s
w
ith

a
m
ea
n
ag
e
of

59
.4
ye
ar
s
ol
d
re
ce
iv
in
g

au
to
lo
go
us

fr
ee

tis
su
e

re
co
ns
tr
uc
tio

n
fo
llo

w
in
g

re
se
ct
io
n
of

he
ad

an
d
ne
ck

m
al
ig
na
nc
y

16
8

6

M
os
k
et

al
.

20
18

[1
4]

T
e

N
et
he
rla

nd
s

Re
tr
os
pe
ct
iv
e

co
ho

rt
st
ud

y
SM

Ia
tt
he

L3
le
ve
l

(b
y
C
T)

Pa
tie
nt
s
in

th
e
lo
w
es
t

se
x-
sp
ec
if
c
qu

ar
til
e
fo
r

sk
el
et
al

m
us
cl
e
m
as
s

Ba
se
d
on

th
e
de
lir
iu
m

ob
se
rv
at
io
na
ls
cr
ee
ni
ng

sc
al
e

Pa
tie
nt
s
w
ith

a
m
ed
ia
n
ag
e

of
76

(f
ro
m

73
to

80
)
ye
ar
s

ol
d
re
ce
iv
in
g
el
ec
tiv

e
su
rg
er
y
fo
rc

ol
or
ec
ta
lc
an
ce
r

25
1

8

Be
lle
lli

et
al
.

20
18

[2
7]

It
al
y

C
ro
ss
-s
ec
tio

na
l

st
ud

y
W
ho

le
bo

dy
SM

I
(b
y
BI
A
)

SM
I
of

le
ss

th
an

8.
87

an
d

6.
42

kg
/m

2
in

m
en

an
d

w
om

en
,r
es
pe
ct
iv
el
y

Ba
se
d
on

th
e
sh
or
t

po
rt
ab
le

m
en
ta
ls
ta
tu
s

qu
es
tio

nn
ai
re

Pa
tie
nt
s
w
ith

a
m
ea
n
ag
e
of

80
.9
ye
ar
s
ol
d
an
d
w
er
e

ad
m
itt
ed

to
th
e
ho

sp
ita

l
w
ar
ds

58
8

8

H
ir
ao
ka

et
al
.

20
18

[2
6]

Ja
pa
n

Re
tr
os
pe
ct
iv
e

co
ho

rt
st
ud

y
PM

I
(b
y
C
T)

PM
I
≤4

.2
4
cm

2 /
m

2
fo
r

m
al
es
,≤

2.
50

cm
2 /
m

2
fo
r

fe
m
al
es

Ba
se
d
on

th
ei
nt
en
siv

ec
ar
e

de
lir
iu
m

sc
re
en
in
g

ch
ec
kl
ist

Pa
tie
nt
s
w
ith

a
m
ea
n
ag
e
of

70
.4
ye
ar
s
ol
d
re
ce
iv
in
g

su
rg
ic
al

re
se
ct
io
n
fo
r

he
pa
to
ce
llu

la
r
ca
rc
in
om

a

17
1

8

BI
A
,b

io
im

pe
da
nc
e
an
al
ys
is;

C
T,

co
m
pu

te
d
to
m
og
ra
ph

y;
M
RI
,m

ag
ne
tic

re
so
na
nc
e
im

ag
in
g;

N
O
S,

ne
w
ca
st
le
-o
tta

w
a-
sc
al
e;
PM

I,
ps
oa
s
m
us
cl
e
in
de
x;

SM
I,
sk
el
et
al

m
us
cl
e
in
de
x.

4 International Journal of Clinical Practice



NOTE: Weights are from random efects analysis

Overall (I-squared = 56.4%, p = 0.019)

Hirase, T. et al; 2021

Study
ID

Hiraoka, A. et al; 2018

Alwani, M. M. et al; 2020

Bellelli, G. et al; 2018

van der Zanden, V. et al; 2021

Zucchelli, A. et al; 2022

Hwang, D. et al; 2022

Pernik, M. N. et al; 2022

Mosk, C. A. et al; 2018

1.69 (0.85, 2.52)

14.40 (1.76, 118.00)

1.97 (0.83, 4.64)

3.81 (1.52, 9.56)

3.20 (1.36, 7.52)

1.30 (0.37, 4.57)

1.78 (1.35, 2.35)

2.70 (0.87, 8.44)

0.43 (0.14, 1.29)

3.11 (1.46, 6.65)

100.00

0.02

11.91

3.78

5.94

10.51

28.39

4.20

27.48

7.77

OR (95% CI)

-118 0 118

Weight
(%)

(a)

0.68 1.690.85 2.52 2.85

Pernik, M. N. et al; 2022

Hwang, D. et al; 2022

Zucchelli, A. et al; 2022

van der Zanden, V. et al; 2021

Hirase, T. et al; 2021

Alwani, M. M. et al; 2020

Mosk, C. A. et al; 2018

Bellelli, G. et al; 2018

Hiraoka, A. et al; 2018

Lower CI Limit Estimate Upper CI Limit
Meta-analysis estimates, given named study is omitted

(b)
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analysis); (b) funnel plot of the publication bias; (c) plot of the trim-and-fll method.
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postoperative delirium. Terefore, it is hard to get a signif-
icant result from this study with such a low incidence of
postoperative delirium. Considering the controversial re-
sults among the included studies, more studies with large
sample are required in the future.

Skeletal muscle is one of the largest metabolic organs of
the human body, and it is also an important endocrine
organ that secretes myokines in autocrine, paracrine, and
endocrine manners for communicating with other systems
[32, 33].Te relationship between skeletal muscle and brain
function has attracted more and more attention [34]. It was
reported that several myokines such as cathepsin B and
interleukin-6 can cross the blood-brain barrier and directly
regulate neurotrophic signaling in brain regions relevant
for cognitive functions (hippocampus and prefrontal
cortex) and metabolic regulation (hypothalamus). Some
myokines can also stimulate the secretion of neurotrophins
including brain-derived neurotrophic factor (BDNF) and
fbronectin type III domains containing protein 5
(FNDC5), which could improve cognitive function [33, 35].
Furthermore, a recent animal study reported that in
a preoperative muscle atrophy model induced by tail
suspension, rats with low skeletal muscle mass were as-
sociated with an increased occurrence of the perioperative
neurocognitive disorder, and a reduced level of BDNF was

also observed [36]. Besides basic studies, a recent meta-
analysis also suggested that sarcopenia was associated with
an increased risk of cognitive impairment [37]. Terefore,
the cross-talk between skeletal muscle and brain might
explain why low skeletal muscle mass is associated with an
increased incidence of delirium.

Low skeletal muscle mass and delirium also have several
common risk factors including increased age, malnutrition,
and severe illness [1, 3, 8, 9]. In particular, age is recognized
as a primary cause of sarcopenia, and the skeletal muscle
mass can be lost rapidly after the age of 75 years old [1, 3]. It
may explain why our subgroup analyses found that low
skeletal muscle mass was signifcantly associated with an
increased incidence of delirium only in patients ≥75 years
old instead of those <75 years old. Furthermore, the in-
cidence of postoperative delirium is relatively high in pa-
tients undergoing major surgeries, because surgery
procedures, infection, general anesthesia, pain, acute stress
response, and systemic infammation are common risk
factors for postoperative delirium [10, 38, 39]. Our previous
study indicated that sarcopenia could increase the risk of
multiple postoperative complications [7], which might
promote the postoperative stress response and systemic
infammation. Terefore, low skeletal muscle mass could
lead to a higher incidence of delirium in patients undergoing
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Figure 4: Subgroup analyses of the associations between low skeletal muscle mass and the incidence of delirium in (a) patients undergoing
major surgeries; (b) patients without surgeries.
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Figure 5: Subgroup analyses of the associations between low skeletal muscle mass and the incidence of delirium in (a) patients ≥75 years old;
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major surgeries than those without surgeries as we found in
the subgroup analyses.

Considering the associations between skeletal muscle
and delirium, the ways of improving skeletal muscle mass
might be used for preventing delirium. For age-related
sarcopenia, only physical exercise instead of nutritional
intervention alone or specifc drugs is recommended as the
primary treatment of skeletal muscle loss [1]. Furthermore,
some studies have also shown the benefts of physical ex-
ercise in reducing the incidence of delirium in hospitalized
patients [40–42]. Terefore, physical exercise and skeletal
muscle mass promotion could be important for the pre-
vention and management of delirium in hospitalized older
patients.

Te strengths of this study were that we frst conducted
this systematic review and meta-analysis about the associ-
ations between low skeletal muscle mass and incidence of
delirium. Trough the main meta-analysis and subgroup
analyses, we found that low skeletal muscle mass was sig-
nifcantly associated with an increased incidence of delirium
in hospitalized patients, particularly in those undergoing
major surgeries or ≥75 years old. Our results could be helpful
to identify the hospitalized patients with a high risk of
delirium.

Tere were also several limitations of this study. First, the
number of included studies was relatively small, and we
found a signifcant existence of publication bias. To com-
pensate for this limitation, we conducted a trim-and-fll
analysis, and the adjusted pooled result remained constant.
Second, the included studies did not have a consistent as-
sessment and defnition of low skeletal muscle mass and
delirium, which could increase the risk of bias. However,
limited by the small number of included studies, subgroup
analyses about this problem were hard to conduct, and
further studies with a large sample and consistent assess-
ment of this issue are required in the future. Tird, some
studies indicated that a higher BMI could be associated with
an increased risk of postoperative delirium [29–31], in-
dicating that BMI might be a confounding factor. However,
several studies in this systematic review and meta-analysis
did not report the BMI of the participants, and the other
studies have reported BMI in inconsistent ways (mean,
median or categorical data). It is hard for us to describe the
BMI of included participants or conducting subgroup an-
alyses about the BMI, therefore, we call for studies to focus
on this issue in the future.

In conclusion, low skeletal muscle mass is associated
with an increased incidence of delirium in hospitalized
patients, particularly in those of older age and undergoing
major surgeries. Terefore, great attention should be paid to
these patients. Considering the limitations of this systematic
review and meta-analysis, further prospective observational
studies about the associations between skeletal muscle mass
and delirium are required in the future.
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