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Abstract
Purpose  The present study aims to assess whether CT-derived muscle mass, muscle density, and visceral fat mass are associ-
ated with in-hospital complications and clinical outcome in level-1 trauma patients.
Methods  A retrospective cohort study was conducted on adult patients admitted to the University Medical Center Utrecht 
following a trauma between January 1 and December 31, 2017. Trauma patients aged 16 years or older without severe neu-
rological injuries, who underwent a CT that included the abdomen within 7 days of admission, were included. An artificial 
intelligence (AI) algorithm was used to retrieve muscle areas to calculate the psoas muscle index and to retrieve psoas muscle 
radiation attenuation and visceral fat (VF) area from axial CT images. Multivariable logistic and linear regression analyses 
were performed to assess associations between body composition parameters and outcomes.
Results  A total of 404 patients were included for analysis. The median age was 49 years (interquartile range [IQR] 30–64), 
and 66.6% were male. Severe comorbidities (ASA 3–4) were seen in 10.9%, and the median ISS was 9 (IQR 5–14). Psoas 
muscle index was not independently associated with complications, but it was associated with ICU admission (odds ratio 
[OR] 0.79, 95% confidence interval [CI] 0.65–0.95), and an unfavorable Glasgow Outcome Scale (GOS) score at discharge 
(OR 0.62, 95% CI 0.45–0.85). Psoas muscle radiation attenuation was independently associated with the development of 
any complication (OR 0.60, 95% CI 0.42–0.85), pneumonia (OR 0.63, 95% CI 0.41–0.96), and delirium (OR 0.49, 95% CI 
0.28–0.87). VF was associated with developing a delirium (OR 1.95, 95% CI 1.12–3.41).
Conclusion  In level-1 trauma patients without severe neurological injuries, automatically derived body composition param-
eters are able to independently predict an increased risk of specific complications and other poor outcomes.
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Introduction

There has been an increasing interest in whether body 
composition affects outcomes in trauma patients in the past 
decade. As the utilization of computed tomography (CT) 
in the emergency department has substantially increased in 
the past years, there is a rising application of body compo-
sition assessment on these CT images that were previously 
taken for other clinical purposes [1–3]. Studies on body 
composition mainly focus on two body components: skel-
etal muscle mass and muscle quality to assess sarcopenia 
and fat mass to assess obesity [4, 5].

Sarcopenia, defined as a progressive and generalized 
skeletal muscle disorder associated with an increased 
likelihood of adverse outcomes, is regularly diagnosed by 
assessing the psoas muscle area only or the total muscle 
area at the cranio-caudal height of the third lumbar verte-
bra on axial CT [6, 7]. Sarcopenia, based on a low psoas 
muscle area, was associated with the in-hospital, 30-day, 
and 1-year mortality in trauma patients [4]. Several studies 
showed that a low psoas muscle density, as measured using 
the mean radiation attenuation in Hounsfield Units (HU) 
possibly as a marker of lower muscle quality and fatty 
degeneration, may also be a risk factor for poor outcomes 
in trauma patients [8, 9]. The effect of sarcopenia on com-
plications in oncological populations has been investigated 
thoroughly, while only a few studies on this topic were 
performed in trauma populations [10].

Obesity is a metabolic disorder associated with cardio-
vascular disease and an increased morbidity and mortality 
rate [11]. Previous research focusing on the effects of obe-
sity in trauma populations showed that obesity was asso-
ciated with adverse in-hospital outcomes [12]. However, 
in these studies, obesity was defined by calculating the 
body mass index (BMI) [12]. As BMI is calculated using 
height and weight only, while not explicitly distinguishing 
between adipose tissue (compartment) and muscle mass, 
it could be a deceptive method to define obesity [13, 14]. 
Nowadays, numerous more accurate methods are described 
to assess fat mass, such as bioelectrical impedance anal-
ysis, dual-energy X-ray, magnetic resonance imaging, 
and CT [15–17]. A systematic review on quantification 
methods of fat mass underlined the clinical importance 
of visceral fat (VF) in contrast to subcutaneous fat (SF), 
as particularly VF has been associated with various dis-
eases and in-hospital complications [18]. Studies on the 
effect of imaging-assessed visceral obesity on outcomes 
in oncological patients showed significant associations 
with a decreased survival [19]. Yet, studies on this topic 
in trauma patients remain scarce.

Even though studies have already shown associations 
between sarcopenia and poor outcomes in trauma patients, 

the effect of continuous body composition parameters, 
such as muscle mass and muscle density, on complications 
in trauma patients remains unknown [4]. The scarce litera-
ture on the effect of CT-measured fat mass on outcomes 
after trauma is even more ambiguous [20, 21]. Therefore, 
the present study aims to assess whether CT-measured 
muscle mass, muscle density, and visceral fat mass are 
associated with in-hospital complications and other clini-
cal outcomes in level-1 trauma patients.

Methods

Study design and participants

A retrospective cohort study was conducted using informa-
tion about all adult patients admitted to the University Medi-
cal Center Utrecht, a level-1 trauma center in the middle 
of the Netherlands, following a trauma between January 1 
and December 31, 2017. Eligible patients were identified 
using procedural codes, and clinical data were obtained 
from the local trauma registry and the medical records. All 
trauma patients aged 16 years or older, who underwent a 
CT that included the abdomen within 7 days of admission, 
were included. Exclusion criteria were: severe neurological 
injury defined as an AIS-head ≥ 3, transfer to another hospi-
tal, administration of antibiotics or an active infection upon 
admission, and transfer from another hospital to our center 
after more than 24 h of admission. Neurologically injured 
patients were excluded as we hypothesized that the effect of 
this neurological injury would overshadow the effect of body 
composition on outcomes. Our institutional review board 
approved a waiver of consent.

CT acquisition and evaluation

CT examinations were obtained with 16 × 0.75 mm col-
limation (Mx8000 IDT 16), 64 × 0.625 mm collimation 
(Brilliance 64, iQon Spectral), or 128 × 0.625 mm collima-
tion (Brilliance iCT); all from Philips Medical Systems, 
Cleveland, OH, USA. Scans were primarily acquired at 120 
kilovoltage peak (kVp) and in 3% of the patients at 100 or 
140 kVp, with a range of 28–272 milliamperes per second 
depending on body size. According to our trauma protocol, 
all trauma patients that underwent CT immediately after 
admission received 2 mL/kg contrast medium using the 
split-bolus technique to assess the portal and arterial phase 
simultaneously. Axial images at the third lumbar vertebra 
(L3) level with a slice thickness of 0.9–5 mm were recon-
structed and displayed with the intestine setting (window 
level: 30, window width: 400). Cross-sectional areas of 
muscles around the level of L3 have been shown to cor-
relate well with whole-body muscle and fat mass [22, 23]. 
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The L3 level was automatically identified and axial slices 
were automatically segmented by an artificial intelligence 
(AI) algorithm (Quantib Body Composition version 0.2.1, 
Quantib, Rotterdam, The Netherlands) [24]. This AI-driven 
segmentation method was also described in previous stud-
ies and showed high Dice coefficients compared to manual 
segmentation [25–27]. All segmented images were manu-
ally screened for errors (e.g., incorrect level L3 selection, or 
incorrect segmentation) and corrected if needed using the 
Medical Imaging Interaction Toolkit, a free, open-source 
software system.

Explanatory variables

Data on area and radiation attenuation of the following 
body components were automatically retrieved from the CT 
images: psoas muscles, abdominal wall muscles, para-spinal 
muscles, VF, and SF (Fig. 1). Body composition parameters 
were used for analysis only if the concerned body part was 
captured entirely on the axial CT slice and could therefore 
be adequately segmented. As the abdominal wall muscle 
area increased in patients with more VF and was not always 
fully visualized, we primarily used the psoas muscle to 
investigate associations with the outcomes and presented 
the association with total muscle area in the supplementary 
material. In the analysis of muscle areas, only the sub-areas 
with attenuation values above -30 HU within the segmented 
muscle areas were used to assure only pure muscle fibers 
were measured while excluding macroscopic muscular fat 
infiltrations. The psoas muscle index was calculated by 
dividing the psoas muscle area by the squared height of the 
patients (cm2/m2), which was used as a surrogate for muscle 
mass. Mean radiation attenuation values in HU of skeletal 
muscles were assessed based on the complete segmented 
muscle areas in which lower radiation attenuation repre-
sented more intramuscular fat deposition, indicating lower 

muscle fiber density. The effect of psoas muscle radiation 
attenuation was presented in the main tables, and the asso-
ciations of total muscle radiation attenuation were added in 
the supplementary tables. As it was previously shown that 
predominantly VF, and not SF, was associated with compli-
cations, we focused on the effect of VF in this study. [18]

Covariates

The following baseline characteristics were obtained from 
the local trauma registry: age, sex, American Society of 
Anesthesiologists (ASA) classification, mechanism of 
injury, maximum Abbreviated Injury Scale (AIS) for all 
body regions, Injury Severity Score (ISS), and Glasgow 
Coma Scale (GCS) score [28, 29]. ASA classifications 
were dichotomized into categories 1–2 and 3–4 to create 
categories with sufficient observations for analysis while 
still distinguishing between patients with moderate to severe 
comorbidities and patients with little or no comorbidities. 
Trauma patients were preferably scanned with both arms up 
to prevent creating artifacts in the abdominal CT images. 
However, one or both arms were kept down in immobile or 
severely injured patients. As the beam hardening created by 
the arms might decrease the measured radiation attenuation 
at the psoas muscle, all CT images were manually checked 
on this phenomenon to adjust for possible confounding 
appropriately.

Outcomes measures

Primary outcome measures were all in-hospital complica-
tions, further specified into all infectious complications (i.e., 
pneumonia, urinary tract infections [UTI], wound infections, 
other infections), and delirium. Secondary outcome meas-
ures were hospital length of stay (HLOS), intensive care unit 
(ICU) admission, intensive care unit length of stay (ILOS) 

Fig. 1   Segmentation of body 
compositions on an axial com-
puted tomography image
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among patients admitted to the ICU, duration of mechanical 
ventilation (DMV) among patients who underwent mechani-
cal ventilation, and unfavorable Glasgow Outcome Scale 
(GOS) score (i.e., severe disability, persistent vegetative 
state, or mortality).

Statistical analysis

Baseline characteristics and outcome measures were pre-
sented as means ± standard deviation (SD) for parametric 
continuous variables, medians with interquartile range (IQR) 
for non-parametric continuous variables and ordinal vari-
ables, and numbers with proportions for categorical varia-
bles. In univariate analysis, the associations between skeletal 
muscle area or radiation attenuation or fat mass and outcome 
measures were analyzed using logistic regression analyses 
in binary outcomes and linear regression analyses in case of 
continuous outcomes. Subsequently, multivariable logistic 
and linear regression analyses were performed with adjust-
ment for other factors (i.e., sex, age, ASA classification, 
ISS, and whether muscles were affected by beam harden-
ing or not) to assess whether the body composition param-
eters were independently associated with the outcomes. The 
covariates added to the regression models were selected if 
they were likely to affect the outcomes based on clinical 
experience. Beam hardening was added to the model in the 
analysis of muscle radiation attenuation, as this could result 
from one or two arms down instead of up during CT, which 
was likely associated with poor outcomes. Significant asso-
ciations of multivariable analysis were visually displayed 
using plots of the predicted absolute probability based on 
the multivariable regression models.

As data on patients’ height were missing in 61 cases 
(15.1%), a multiple imputation algorithm (Stata 13.0) was 
used to impute substitute data on height to properly esti-
mate the psoas muscle index of these 61 patients to com-
plete the dataset. Data on VF and total muscle area were 
missing in 23 (5.7%) and 33 patients (8.2%), respectively, 
as this was not always completely captured on axial CT, 
which was also imputed using multiple imputations. Twenty 
imputed datasets were created based on an imputation model 
that included all covariates that were also added to the final 
logistic or linear regression models and complications as the 
primary outcome measure. To assess whether imputation 
did not excessively affect the findings of this study, a sen-
sitivity analysis was performed on the effect of the original 
un-imputed body composition parameters on the outcomes 
and presented in the supplementary material.

To enhance the interpretability of the odds ratios (ORs) 
and regression coefficients from the output of the analyses of 
muscle radiation attenuation and VF, the values were stand-
ardized by calculating Z-scores and subsequently analyzed 
and presented in this fashion. In that case, the OR represents 

the relative increase in odds when the muscle radiation atten-
uation or VF values increases by one standard deviation. We 
assumed that VF was linearly associated with the outcomes, 
in which we hypothesized that higher fat areas were associ-
ated with increased risks on adverse outcomes. However, to 
consider the possibility of non-linear associations between 
VF and the outcomes, we also assessed the effect of square-
transformed VF values on the outcomes. Likelihood ratio 
tests showed that adding the square-transformed VF to the 
model, instead of the original values, did not significantly 
improve model fit, whereas the original VF values did sig-
nificantly improve the model fit, thereby confirming our 
assumption of the linear association. To fulfill the assump-
tions for linear regression analyses, all continuous outcome 
measures were log-transformed before analysis, and the out-
put values were transformed back to the multiplicative scale.

All statistical analyses were performed using Stata 13.0 
(StataCorp LP, College Station, TX, USA). A p-value 
of < 0.05 was considered statistically significant.

Results

Baseline characteristics

A total of 616 trauma patients, who underwent a CT that 
included the abdomen within seven days of admission, were 
admitted to the University Medical Center Utrecht in 2017. 
After the exclusion process, 404 patients were included 
for analysis (Fig. 2). In 98% of all included patients, the 
abdominal CT was taken on the first or second day of hos-
pital admission. In the included cohort, the median age was 
49 years (IQR 30–64), and 66.6% were male (Table 1). 
Severe comorbidities (ASA 3–4) were seen in 10.9%, and 
the most prevalent mechanisms of injury in descending inci-
dence were motor vehicle accidents, low- and high-energy 
falls, and bicycle accidents. The median ISS was 9 (IQR 
5–14), and the median GCS score at admission was 15 (IQR 
14–15). The mean psoas muscle index was 6.4 ± 2.0, and 
the mean psoas muscle radiation attenuation was 40.0 ± 15.8 
HU. The median VF area of the complete cohort was 95.2 
(IQR 43.4–162.0). Most patients (96.8%) were scanned 
at 120 kilo Volt and the mean milliampere-seconds was 
112.1 ± 54.2.

Outcome measures

Eighty-eight complications were seen in 17.3% of all 
patients, with the most prevalent complications being pneu-
monia (8.7%) and delirium (4.2%) (Table 2). In total, there 
was a median HLOS of five days (IQR 2–11), a median ILOS 
of three days (IQR 2–6), and patients who were ventilated 
had a median DMV of one day (IQR 1–3). At discharge, 24 



1951The association of radiologic body composition parameters with clinical outcomes in level‑1…

1 3

(5.9%) patients had an unfavorable GOS score, indicating 
severe disability or mortality.

Skeletal muscle index

Univariate logistic regression analysis showed that a higher 
psoas muscle index (i.e., more muscle mass) was associ-
ated with a lower risk of developing a complication (OR 
0.87, 95% CI 0.76–0.99) (Table 3). A higher psoas muscle 
index was also associated with fewer UTIs and a shorter 
HLOS. Multivariable logistic regression analysis showed 
that after adjusting for covariates (i.e., age, sex, ASA, and 
ISS), the psoas muscle index was no longer significantly 
associated with the development of complications in general 
or any of the specific complications (Table 4). Multivariable 
analysis showed that for each unit increase in psoas muscle 

Fig. 2   Flow diagram of the in- 
and exclusion process

Table 1   Baseline characteristics

IQR interquartile range, SD standard deviation, ASA American Soci-
ety of Anesthesiologists, AIS abbreviated injury scale, ISS injury 
severity score, PMI psoas muscle index, PMRA psoas muscle radia-
tion attenuation, VF visceral fat

Variable Total cohort
n = 404

Age at trauma, median (IQR) 49 (30–64)
Male, n (%) 269 (66.6)
Comorbidity ASA, n (%)

   1–2 360 (89.1)
   3–4 44 (10.9)

Mechanism of injury, n (%)
   Motor vehicle accident 99 (24.5)
   Motor cycle accident 47 (11.6)
   Bicycle accident 62 (15.4)
   Pedestrian 12 (3.0)
   Low energy fall 88 (21.8)
   High energy fall 64 (15.8)
   Other 32 (7.9)

Maximum AIS-score, median (IQR)
   Head 1 (0–1)
   Thorax 0 (0–3)
   Abdomen 0 (0–0)
   Spine 0 (0–2)
   Lower extremities 0 (0–2)
   Upper extremities 0 (0–1)

ISS, median (IQR) 9 (5–14)
ISS ≥ 16, n (%) 99 (24.5)
Glasgow Coma Scale score, median (IQR) 15 (14–15)
Psoas muscle area, mean cm2 ± SD 20.5 ± 7.4
PMI, mean cm2/m2 ± SD 6.4 ± 2.0
PMRA, mean HU ± SD 40.0 ± 15.8
VF, median (IQR) 95.2 (43.4–162.0)

Table 2   Outcome measures

IQR interquartile range, ICU intensive care unit, GOS Glasgow Out-
come Scale, HLOS hospital length of stay, ILOS intensive care unit 
length of stay, DMV days on mechanical ventilation

Variable Total cohort
n = 404

Complication, n (%) 70 (17.3)
Infectious complication, n (%) 61 (15.1)

   Pneumonia, n (%) 35 (8.7)
   Urinary tract infection, n (%) 13 (3.2)
   Wound infection, n (%) 10 (2.5)
   Other infectious complication, n (%) 13 (3.2)

Delirium, n (%) 17 (4.2)
Unfavorable GOS, n (%) 24 (5.9)
HLOS, median days (IQR) 5 (2–11)
ICU admission, n (%) 65 (16.1)
ILOS among patients on ICU, median days (IQR) 3 (2–6)
DMV among ventilated patients, median days (IQR) 1 (1–3)



1952	 A. A. R. Sweet et al.

1 3

Ta
bl

e 
3  

U
ni

va
ria

te
 a

na
ly

si
s o

f t
he

 e
ffe

ct
 o

f b
od

y 
co

m
po

si
tio

n 
pa

ra
m

et
er

s o
n 

ou
tc

om
es

O
R 

od
ds

 ra
tio

, C
I c

on
fid

en
ce

 in
te

rv
al

, I
C
U

 in
te

ns
iv

e 
ca

re
 u

ni
t, 
G
O
S 

G
la

sg
ow

 O
ut

co
m

e 
Sc

al
e,

 H
LO

S 
ho

sp
ita

l l
en

gt
h 

of
 s

ta
y,

 IL
O
S 

in
te

ns
iv

e 
ca

re
 u

ni
t l

en
gt

h 
of

 s
ta

y,
 D

M
V 

da
ys

 o
n 

m
ec

ha
ni

ca
l 

ve
nt

ila
tio

n

Va
ri
ab

le
Ps

oa
s m

us
cl

e 
in

de
x

Ps
oa

s m
us

cl
e 

ra
di

at
io

n 
at

te
nu

at
io

n
V

is
ce

ra
l f

at

Lo
gi

sti
c 

re
gr

es
si

on
 m

od
el

O
R

95
%

 C
I

t-v
al

ue
p-

va
lu

e
O

R
95

%
 C

I
z-

va
lu

e
p-

va
lu

e
O

R
95

%
 C

I
t-v

al
ue

p-
va

lu
e

C
om

pl
ic

at
io

n
0.

87
0.

76
–0

.9
9

– 
2.

15
0.

03
2

0.
59

0.
46

–0
.7

6
– 

4.
13

 <
 0.

00
1

1.
42

1.
11

–1
.8

2
2.

78
0.

00
5

In
fe

ct
io

us
 c

om
pl

ic
at

io
n

0.
91

0.
79

–1
.0

4
– 

1.
42

0.
15

0.
65

0.
51

–0
.8

5
– 

3.
20

0.
00

1
1.

37
1.

06
–1

.7
7

2.
38

0.
01

7
 P

ne
um

on
ia

0.
95

0.
80

–1
.1

2
– 

0.
62

0.
54

0.
63

0.
46

–0
.8

6
– 

2.
91

0.
00

4
1.

47
1.

07
–2

.0
0

2.
40

0.
01

7
 U

rin
ar

y 
tra

ct
 in

fe
ct

io
n

0.
67

0.
49

–0
.9

1
– 

2.
56

0.
01

0
0.

82
0.

49
–1

.3
8

– 
0.

76
0.

45
0.

85
0.

45
–1

.6
0

– 
0.

51
0.

61
 W

ou
nd

 in
fe

ct
io

n
0.

87
0.

63
–1

.1
8

– 
0.

90
0.

37
0.

67
0.

40
–1

.1
5

– 
1.

46
0.

15
1.

40
0.

81
–2

.4
3

1.
20

0.
23

 O
th

er
 in

fe
ct

io
us

 c
om

pl
ic

at
io

n
1.

21
0.

94
–1

.5
6

1.
48

0.
14

0.
84

0.
49

–1
.4

3
– 

0.
65

0.
52

1.
64

1.
02

–2
.6

1
2.

06
0.

03
9

D
el

iri
um

0.
78

0.
60

–1
.0

0
– 

1.
95

0.
05

1
0.

44
0.

30
–0

.6
5

– 
4.

11
 <

 0.
00

1
2.

32
1.

53
–3

.5
2

3.
94

 <
 0.

00
1

IC
U

 a
dm

is
si

on
0.

93
0.

82
–1

.0
6

– 
1.

11
0.

27
0.

58
0.

45
–0

.7
4

– 
4.

22
 <

 0.
00

1
1.

10
0.

84
–1

.4
3

0.
69

0.
49

U
nf

av
or

ab
le

 G
O

S
0.

82
0.

66
–1

.0
1

– 
1.

87
0.

06
1

0.
56

0.
40

–0
.8

0
– 

3.
23

0.
00

1
1.

58
1.

10
–2

.2
7

2.
49

0.
01

3

Li
ne

ar
 re

gr
es

si
on

 m
od

el
β-

co
effi

ci
en

t
95

%
 C

I
t-v

al
ue

p-
va

lu
e

β-
co

effi
ci

en
t

95
%

 C
I

t-v
al

ue
p-

va
lu

e
β-

co
effi

ci
en

t
95

%
 C

I
t-v

al
ue

p-
va

lu
e

H
LO

S
0.

94
0.

90
–9

9
−

 2
.5

2
0.

01
2

0.
81

0.
73

–0
.9

0
−

 3
.9

9
 <

 0.
00

1
1.

14
1.

03
–1

.2
7

2.
60

0.
01

0
IL

O
S

1.
02

0.
90

–1
.1

5
0.

27
0.

79
0.

86
0.

71
–1

.5
1

−
 1

.5
7

0.
12

2
1.

14
0.

90
–1

.4
4

1.
10

0.
28

D
M

V
0.

99
0.

89
–1

.1
0

−
 0

.1
8

0.
86

0.
84

0.
72

–0
.9

9
−

 2
.1

2
0.

03
8

1.
21

0.
99

–1
.4

7
1.

95
0.

05
6



1953The association of radiologic body composition parameters with clinical outcomes in level‑1…

1 3

Ta
bl

e 
4  

M
ul

tiv
ar

ia
bl

e 
an

al
ys

is
 o

f t
he

 e
ffe

ct
 o

f b
od

y 
co

m
po

si
tio

n 
pa

ra
m

et
er

s o
n 

ou
tc

om
es

 w
ith

 a
dj

us
tm

en
t f

or
 o

th
er

 fa
ct

or
s

O
R 

od
ds

 ra
tio

, C
I c

on
fid

en
ce

 in
te

rv
al

, I
C
U

 in
te

ns
iv

e 
ca

re
 u

ni
t, 
G
O
S 

G
la

sg
ow

 O
ut

co
m

e 
Sc

al
e,

 H
LO

S 
ho

sp
ita

l l
en

gt
h 

of
 s

ta
y,

 IL
O
S 

in
te

ns
iv

e 
ca

re
 u

ni
t l

en
gt

h 
of

 s
ta

y,
 D

M
V 

da
ys

 o
n 

m
ec

ha
ni

ca
l 

ve
nt

ila
tio

n
a  A

dj
us

te
d 

fo
r a

ge
, s

ex
, A

SA
, I

SS
, a

nd
 b

ea
m

 h
ar

de
ni

ng
 in

 c
as

e 
of

 ra
di

at
io

n 
at

te
nu

at
io

n

Va
ria

bl
e

Ps
oa

s m
us

cl
e 

in
de

x
Ps

oa
s m

us
cl

e 
ra

di
at

io
n 

at
te

nu
at

io
n

V
is

ce
ra

l f
at

M
ul

tiv
ar

ia
bl

e 
lo

gi
sti

c 
re

gr
es

si
on

 m
od

el
a

O
R

95
%

 C
I

t-v
al

ue
p-

va
lu

e
O

R
95

%
 C

I
z-

va
lu

e
p-

va
lu

e
O

R
95

%
 C

I
t-v

al
ue

p-
va

lu
e

C
om

pl
ic

at
io

n
0.

92
0.

76
–1

.1
2

– 
0.

80
0.

43
0.

60
0.

42
–0

.8
5

– 
2.

89
0.

00
4

1.
28

0.
92

–1
.7

7
1.

46
0.

15
In

fe
ct

io
us

 c
om

pl
ic

at
io

n
0.

95
0.

78
–1

.1
7

– 
0.

45
0.

65
0.

65
0.

46
–0

.9
4

– 
2.

32
0.

02
0

1.
30

0.
92

–1
.8

3
1.

47
0.

14
 P

ne
um

on
ia

0.
91

0.
71

–1
.1

8
– 

0.
70

0.
49

0.
63

0.
41

–0
.9

6
– 

2.
12

0.
03

4
1.

46
0.

96
–2

.2
3

1.
76

0.
07

8
 U

rin
ar

y 
tra

ct
 in

fe
ct

io
n

0.
91

0.
60

–1
.3

8
– 

0.
46

0.
65

0.
86

0.
38

–.
19

4
– 

0.
36

0.
72

0.
65

0.
28

–1
.5

3
– 

0.
99

0.
32

 W
ou

nd
 in

fe
ct

io
n

0.
69

0.
45

–1
.0

5
– 

1.
74

0.
08

2
0.

58
0.

29
–1

.1
5

– 
1.

57
0.

12
1.

18
0.

58
–2

.3
9

0.
45

0.
65

 O
th

er
 in

fe
ct

io
us

 c
om

pl
ic

at
io

n
1.

17
0.

83
–1

.6
4

0.
88

0.
38

1.
14

0.
57

–2
.2

8
0.

36
0.

72
1.

60
0.

89
–2

.8
8

1.
58

0.
11

D
el

iri
um

0.
92

0.
63

–1
.3

3
– 

0.
44

0.
66

0.
49

0.
28

–0
.8

7
– 

2.
45

0.
01

4
1.

95
1.

12
–3

.4
1

2.
36

0.
01

8
IC

U
 a

dm
is

si
on

0.
79

0.
65

–0
.9

5
– 

2.
53

0.
01

1
0.

54
0.

38
–0

.7
7

– 
3.

41
0.

00
1

1.
19

0.
85

–1
.6

6
1.

02
0.

31
U

nf
av

or
ab

le
 G

O
S

0.
62

0.
45

–0
.8

5
– 

2.
96

0.
00

3
0.

57
0.

35
–0

.9
2

– 
2.

30
0.

02
1

1.
44

0.
90

–2
.2

9
1.

52
0.

13

M
ul

tiv
ar

ia
bl

e 
lin

ea
r r

eg
re

ss
io

n 
m

od
el

a
β-

co
effi

ci
en

t
95

%
 C

I
t-v

al
ue

p-
va

lu
e

β-
co

effi
ci

en
t

95
%

 C
I

t-v
al

ue
p-

va
lu

e
β-

co
effi

ci
en

t
95

%
 C

I
t-v

al
ue

p-
va

lu
e

H
LO

S
0.

97
0.

92
–1

.0
2

– 
1.

25
0.

21
0.

84
0.

76
–0

.9
3

– 
3.

46
0.

00
1

1.
02

0.
93

–1
.1

2
0.

40
0.

69
IL

O
S

0.
94

0.
80

–1
.1

1
– 

0.
70

0.
49

0.
80

0.
65

–0
.9

9
– 

2.
10

0.
04

0
1.

07
0.

81
–1

.4
3

0.
50

0.
62

D
M

V
0.

89
0.

79
–1

.0
1

– 
1.

78
0.

80
0.

77
0.

66
–0

.9
0

– 
3.

30
0.

00
2

1.
06

0.
86

–1
.3

1
0.

60
0.

55



1954	 A. A. R. Sweet et al.

1 3

index, the odds of being admitted to the ICU decreased by 
21% (OR 0.79, 95% CI 0.65–0.95), and the odds of being 
discharged with an unfavorable GOS decreased by 38% (OR 
0.62, 95% CI 0.45–0.85) (Fig. 3).

Table 5 in the Supplementary Material shows that the 
total muscle index was not significantly associated with any 
of the outcomes. However, as total muscle area and VF were 
correlated (ρ = 0.28, p < 0.001), the hypothesized protective 

effect of muscle mass on the outcomes may have been neu-
tralized by the negative effect of more VF.

Skeletal muscle radiation attenuation

In univariate analysis, psoas muscle radiation attenuation 
was significantly associated with developing a complication 
and, more specifically, with the development of pneumo-
nia and delirium (Table 3). Higher psoas muscle radiation 
attenuation, indicating higher muscle density, was also asso-
ciated with a decreased risk of ICU admissions, decreased 
risk of unfavorable GOS score, and with shorter HLOS and 
DMV. After adjusting for covariates (i.e., age, sex, ASA, 
ISS, and beam hardening), higher psoas muscle radiation 
attenuation still predicted a decreased risk of developing 
complications (OR 0.60, 95% CI 0.42 – 0.85), pneumonia 
(OR 0.63, 95% CI 0.41–0.96), and delirium (0.49, 95% CI 
0.28–0.87) (Table 4, Fig. 4). Higher psoas muscle radiation 
attenuation also remained associated with fewer ICU admis-
sions (OR 0.54, 95% CI 0.38–0.77) and a decreased risk of 
an unfavorable GOS score (OR 0.57, 95% CI 0.35–0.92). 
Furthermore, one SD increase in psoas muscle radiation 
attenuation predicted a 16% decrease in HLOS (p = 0.001), 
20% decrease in ILOS (p = 0.040), and a 23% decrease in 
DMV (p = 0.002). Total muscle radiation attenuation was not 

Fig. 3   Plots of the absolute probability with 95% confidence interval 
of the outcomes (y-axis) predicted by the psoas muscle index (PMI) 
adjusted for covariates (x-axis). A Intensive Care Unit (ICU) admis-
sion, B unfavorable Glasgow Outcome Scale score (GOS)

Fig. 4   Plots of the absolute probability with 95% confidence interval 
of the outcomes (y-axis) predicted by standardized psoas muscle radi-
ation attenuation (PMRA) (Z-score) adjusted for covariates (x-axis). 

A Complications, B infectious complications, C pneumonia, D delir-
ium, E Intensive Care Unit (ICU) admission, F unfavorable Glasgow 
Outcome Scale (GOS) score
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associated with the development of complications or any of 
the other outcomes (Supplementary Table 5).

Visceral fat

Univariate logistic regression analysis showed that more VF 
was associated with more complications, infectious compli-
cations, pneumonia, other infectious complications, delir-
ium, unfavorable GOS score, and longer HLOS (Table 3). 
After adjusting for other factors in multivariable logistic and 
linear regression analysis, only delirium was still signifi-
cantly predicted by VF (Table 4). For each SD increase in 
VF, the odds of developing a delirium increased by 95% (OR 
1.95, 95% CI 1.12–3.41) (Fig. 5). VF also appeared as a pos-
sible predictor of pneumonia (OR 1.46, 95% CI 0.96–2.23), 
yet without reaching statistical significance.

Sensitivity analysis

In the supplementary material, the results of the sensitiv-
ity analysis with the original un-imputed body composition 
parameters were presented (Supplementary Tables 6 and 7). 
The results of multivariable regression analysis showed that 
imputation did not lead to any considerable changes.

Discussion

This retrospective cohort study investigated the effects of 
muscle mass, muscle density, and visceral fat mass on com-
plications and other clinical outcome parameters in level-1 
trauma patients. A higher psoas muscle index—indicating 

more muscle—was independently associated with a 
decreased risk of ICU admission and a decreased risk of 
discharge with an unfavorable GOS score. Higher psoas 
muscle radiation attenuation—indicating less fatty muscle 
atrophy—predicted lower risk of developing a complication 
(i.e., pneumonia or delirium), a decreased ICU admission 
rate, fewer unfavorable GOS scores, and shorter HLOS, 
ILOS, and DMV. More visceral fat was independently asso-
ciated with an increased risk of developing delirium.

Most studies on the effect of body composition on out-
comes in trauma populations classified patients into sarco-
penic or obese groups. Yet, continuous body composition 
parameters were used for analysis in this study. There were 
no significant associations between psoas muscle index and 
specific complications, which is in line with a systematic 
review of studies on sarcopenia among trauma patients by 
Xia et al. [4] Psoas muscle index appeared a possible pre-
dictor of wound infections, although not statistically sig-
nificant (OR 0.69, CI 0.45–1.05). The only other study that 
specifically investigated this outcome showed that, instead of 
psoas muscle index, psoas muscle radiation attenuation pre-
dicted wound infections after adjusting for age and ASA (OR 
1.12, 95% CI 1.03–1.22), which was not seen in our study 
[9]. We found that psoas muscle index was independently 
associated with an increased risk of an unfavorable GOS 
score, while the total muscle index was not associated with 
this outcome. One other study that investigated the effect of 
sarcopenia, based on the total muscle area, on GOS scores 
also described no significant associations, while another 
study did report a significant association in multivariable 
analysis [21, 30]. In the present study, no significant asso-
ciations between HLOS and ILOS with the psoas muscle 
index were found, which is in line with the findings of most 
of the previous studies [4]. However, in a more recent study, 
an extremely low psoas muscle index was independently 
associated with a prolonged ILOS [31]. In contrast to our 
findings on psoas muscle index, lower psoas muscle radia-
tion attenuation was associated with prolonged HLOS and 
ILOS, which is in accordance with previous studies [8, 9, 
32]. Furthermore, two studies on the effect of psoas muscle 
radiation attenuation in trauma patients also reported signifi-
cant associations with complications similar to our findings 
[8, 9]. Currently, it remains unclear to what extent muscle 
mass or muscle density and outcomes in trauma patients are 
causally associated. We hypothesize that muscle mass and 
density mainly act as frailty markers, predicting increased 
risks of adverse outcomes primarily caused by the entire 
frail physique of the patients. Also, it should be stressed that 
low psoas muscle area or density does not always necessarily 
correlate with sarcopenia. Isolated psoas atrophy occurs in 
the setting of spine surgery, lower back pain, degenerative 
lumbar instability, vertebral fracture, and deformity [33]. 
However, even though measuring the psoas muscle alone 

Fig. 5   Plots of the absolute probability with 95% confidence inter-
val of delirium (y-axis) predicted by standardized visceral fat area 
(Z-score) adjusted for covariates (x-axis)
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may be insufficient to assess generalized muscle loss in 
some cases, it can still be a predictor for poor outcomes, as 
shown in the present study. Similarly, even though low psoas 
muscle density does not necessarily correlate with overall 
fatty muscular atrophy, it served as a strong predictor in this 
study—even after adjusting for decreased density caused by 
beam hardening in patients scanned with their arms in the 
abdominal field of view. It seems plausible that the different 
included muscles follow distinct patterns in muscle loss or 
degeneration and may therefore also hold diverse predictive 
values for the outcomes.

Literature on the effect of CT-based adipose tissue on 
clinical outcomes in trauma patients is scarce. Docimo et al. 
showed more complications in trauma patients with a high 
visceral to subcutaneous fat ratio than in the control group 
(35.7% versus 13.3%) [20]. However, these groups were not 
comparable at baseline, and no adjustment for other fac-
tors was made. Poros et al. showed no significant effect of 
visceral and subcutaneous fat markers on DMV and ILOS 
in trauma patients [21]. They did show that obesity has 
some protective effects on the pre-hospital phase, as obese 
patients were less frequently intubated at the accident site 
and received less fluid during resuscitation before arriving at 
the emergency department, while not showing an increasing 
rate of shocks [21]. There are indeed studies reporting on the 
protective function of mild obesity in trauma patients, also 
known as the obesity paradox; however, no significant pro-
tective effects were found in our study population [34, 35].

To our knowledge, the present study is the most exten-
sive study to investigate the effect of CT-derived visceral 
fat mass on complications in trauma patients. The findings 
of this study hold promising future implications in which 
artificial intelligence algorithms could aid in personalized 
medicine: CT scans are routinely acquired in a trauma set-
ting and using AI quantitative assessment is more readily 
available than clinical scores, such ASA and AIS. In addi-
tion, scans acquired for any other medical purpose can also 
be used for opportunistic assessment of body composition to 
identify—and possibly even treat—patients at risk for cer-
tain complications. We found that visceral fat independently 
predicted an increased risk of delirium, which has not been 
described earlier. This finding adds to the current evidence 
on risks of the hormonally active form of body fat and fur-
ther etiologic investigation is of interest and supported by 
our data. The purpose of this study, however, was primar-
ily prognostication. Also related to prognostication, further 
evidence is needed before implementation. Ultimately, pre-
diction models may indicate which patients are at highest 
risk of developing specific complications. In that case, our 
findings add to the development of such models.

This study has several limitations. First, the study popu-
lation consisted of trauma patients in whom an abdominal 
or whole-body CT was indicated. Therefore, the results 

may not apply to all trauma patients admitted to the emer-
gency department. Second, patients were included in case 
they underwent an abdominal CT in the first seven days of 
admission. As body composition may change during hospi-
tal admission, the body composition parameters might have 
been affected by this measurement delay. However, this 
effect should be limited, as in 98% of the patients the CTs 
were taken in the first two days of admission. Also, none of 
the 2% of patients scanned after the second day of admis-
sion were without food intake during the time before CT 
and the results were unchanged when excluding these 2% 
(data not shown). Third, because we excluded patients with 
severe neurological trauma—a strong independent predic-
tor of worse outcome—the results of this study can only be 
used to identify the risk of complications in trauma patients 
without severe neurological injuries. However, these non-
neurologically injured patients are the ones that could most 
benefit from the prediction of complications based on their 
body composition. Fourth, the numbers of events of certain 
complications were low in this cohort. Therefore, the regres-
sion models could have been over-fitted to our data, which 
might have resulted in some over- or underestimation of the 
associations between the body composition parameters and 
the outcomes. Last, mortality rates were not considered in 
the primary analysis, but these rates were low in this cohort 
(< 2%).

In conclusion, the present study showed that in level-1 
trauma patients without severe neurological injuries, CT-
derived body composition parameters are able to indepen-
dently predict an increased risk of specific complications 
and other poor outcomes. Future research should further 
investigate the associations described in this study in other 
trauma populations. Also, the added predictive value of 
these body composition parameters, besides other proven 
outcome-specific predictors, should be further investigated, 
ultimately aiming to develop prediction models to assess 
personalized risks of developing complications.
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