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Abstract 

Background  Low skeletal mass, often present at hospital admission, has been associated with poor prognoses.

Aim  To explore the association between computed tomography (CT)-derived skeletal muscle mass at the lumbar 
level and short- and long-term mortality in critically ill patients.

Methods  Following PRISMA 2020 guidelines, we included studies on critically ill adults (≥ 18 years) hospital-
ized in intensive care units (ICU) that measured CT-derived skeletal muscle mass at the lumbar vertebral level 
within ± 7 days of ICU admission. The primary outcome was mortality, categorized as short-term (including ICU, 
hospital, 28- and 30-day mortality) and long-term (> 30 days) mortality. MEDLINE and Embase databases were 
searched without date restrictions. Study screening was performed using Rayyan, data extraction was guided 
by a custom-designed tool, and quality assessment was performed using the JBI Cohort Study Checklist. A meta-
analysis was conducted, focusing on studies that reported short- and long-term mortality among patients with pre-
served and reduced skeletal muscle. A prevalence meta-analysis was also performed for studies that reported the size 
of subgroups with low muscle mass.

Results  Out of 1248 unique records, 35 studies met the inclusion criteria, involving 9366 participants. The majority 
were retrospective, single-centre studies conducted on four continents and included heterogeneous populations 
such as patients with sepsis, COVID-19 and trauma. Sample sizes ranged from 36 to 939, with a wide age range, 
from 40 to 70 s, and a predominance of male patients (62%). Skeletal mass was most commonly reported as skeletal 
muscle index at the third lumbar vertebra. Studies reported mainly short-term mortality on day 28 or 30. Long-term 
mortality, measured at 90 days, 6 months, and 1 year, was evaluated in 11 studies. Meta-analyses revealed that low 
skeletal muscle mass area and index were significantly associated with increased risks of both short (OR = 2.33, CI 
1.90–2.87, I2 = 41.39%)—and long-term mortality (OR = 2.67, CI 1.45–4.92, I2 = 62.24%). The overall prevalence of low 
muscle mass was 42% (CI 34–49%, I2 = 98.2%).
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Conclusions  CT-assessed skeletal muscle mass at the lumbar level on admission to ICU is associated with both short- 
and long-term mortality. It may serve as a prognostic marker in critically ill patients. Standardized protocols for meas-
uring and defining low skeletal muscle mass in this population are essential to improve comparability across studies.

Keywords  Muscle mass, Skeletal muscle mass, Intensive care, Critical illness, Computed tomography, Mortality

Introduction
Around 40% of patients admitted to hospital have a low 
skeletal muscle mass [1], a condition associated with an 
increased risk of disability, accidental falls, longer hos-
pital stays and higher mortality [2]. In addition, skeletal 
mass decreases rapidly during hospitalization, particu-
larly in critically ill patients, where loss can be as much 
as 2% per day during the first week of ICU admission 
[3]. Thus, muscle mass is a determinant of clinical out-
comes in hospitalized patients.

Body composition can be assessed by mid-arm cir-
cumference, bioelectrical impedance analysis (BIA), 
ultrasound (US), dual-energy X-ray absorptiometry 
(DXA), and computed tomography (CT) [4]. However, 
in critically ill patients, mid-arm muscle circumference 
and BIA are often unreliable due to fluid overload [5], 
and US lacks standardized measurement protocols [6]. 
DXA, while precise, is limited by high costs, radiation 
exposure, and the need for specialized equipment and 
trained personnel [4]. CT, often used for diagnostic 
purposes in critically ill patients [6], provides a detailed 
analysis of skeletal muscle mass and muscle quality 
using imaging attenuation to determine muscle fat infil-
tration (IMAT or myosteatosis) [6–10]. Skeletal mus-
cle mass is typically measured at the third lumbar (L3) 
vertebra level, as this correlates well with total skeletal 
muscle mass in healthy individuals [11], though meas-
urements at the level of other vertebral levels or thighs 
are also used. The L3 measurement includes the psoas, 
abdominal wall muscles (rectus abdominis, internal 
and external obliques, transversus abdominis) and 
paraspinal muscles (quadratus lumborum, erector spi-
nae). Skeletal muscle mass has been expressed mostly 
as cross-sectional skeletal muscle area (SMA, cm2) [11], 
SMA adjusted for height squared resulting in skeletal 
muscle index (SMI, cm2/m2) [12], but other parameters 
as psoas cross-sectional area (PMA) or psoas muscle 
index (PMI) have also been used.

Existing systematic reviews have examined the rela-
tionship between skeletal muscle mass and outcomes in 
critically ill patients, but they differ in their approach. 
Variations include the methods used to measure skel-
etal muscle mass [3, 13], timing of assessments [13, 14] 
and reported outcomes [13].

This systematic review aims to specifically evaluate 
CT-derived skeletal muscle mass at the lumbar level, 
measured within ± 7 days of ICU admission, and its asso-
ciation with short- and long-term mortality in critically 
ill patients.

Materials and methods
This systematic review adhered to the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses 
(PRISMA) 2020 guidelines [15]. The inclusion criteria for 
articles were as follows: critically ill adults (≥ 18  years) 
hospitalized in ICU and receiving either invasive or non-
invasive mechanical ventilation; at least one CT-derived 
measurement of skeletal mass at ICU admission ± 7 days, 
at the lumbar vertebral level; the outcome was short- and 
long-term mortality. Exclusion criteria were: non-English 
language publications; low skeletal muscle mass detected 
by modalities other than CT; studies in children and ado-
lescents; and reviews, meta-analyses, case reports and 
abstracts.

Search strategy
The electronic MEDLINE database (Pubmed) and 
Embase were searched electronically without restriction 
to publication dates. The full search strategy was devel-
oped jointly by the first and last authors, in collabora-
tion with a professional documentalist, and is listed in 
Supporting information Table  1. The last search by the 
authors was carried out on 28 October 2024.

Selection process
Using the search strategy, all citations identified were 
imported into Zotero [16], a reference management soft-
ware, and duplicates were systematically identified and 
removed. The refined set of references was imported into 
Rayyan [17], a web-based systematic review tool, where 
any remaining duplicates were identified and removed. 
The screening of titles and abstracts was carried out 
independently by two of the authors (VABM and LG) 
in Rayyan, using the pre-defined inclusion and exclu-
sion criteria. When necessary, discrepancies in judgment 
between reviewers were resolved through discussion and 
consensus.
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A full-text review was performed by VABM and LG on 
articles that were considered potentially relevant after 
title and abstract screening. For this stage, an Excel file 
was used to document the decision to include or exclude 
each item, and the reason for exclusion, if applicable. Any 
discrepancies were resolved by discussion.

Data collection process
Data extraction was performed by VABM and included 
details on study populations and methods, CT-derived 
skeletal muscle mass measurements, sample size of 
patients with low muscle mass, and cut-off values used 
to classify low vs. preserved muscle mass patients. Addi-
tionally, data on short-term mortality (ICU, hospital, 
28-day, 30-day) and long-term mortality (> 30 days), and 
overall mortality, along with their corresponding statisti-
cal measures (n, %, p-values, OR, and 95% CI), were col-
lected. LG and FRH reviewed and validated the extracted 
data to ensure accuracy and consistency, making any nec-
essary corrections or adjustments to discrepancies.

Study risk of bias assessment
Eligible studies were critically evaluated by 2 independ-
ent reviewers (VABM and LG) for methodological qual-
ity using critical appraisal checklist for cohort studies 
from JBI [18]. Any disagreements that arose were dis-
cussed and resolved. The outcome considered in the 
assessment was mortality. Question 6 “Were the groups/
participants free of the outcome at the start of the study 
(or at the moment of exposure)?” was not considered as 
all patients were alive at the time of CT scan. A study was 
considered to have a low risk of bias if it received 6 or 
more “low” responses, an unclear risk if it received 4–5 
“low” responses and a high risk if it received only 0–3 
“low” responses. This classification method was arbitrar-
ily chosen by the review group.

Data synthesis and analysis
A narrative synthesis was performed for all included 
studies, categorizing data into ICU, hospital, 28- and 
30-day, 90-day, 6-month and 1-year mortality according 
to the original authors’ definitions and based on area and 
index muscle mass.

For the meta-analysis, data were extracted in studies 
where odd ratios (OR) were available and categorized 
into short-term (ICU, hospital, 28- and 30-days) and 
long-term (90-days, 6-months, 1-year) mortality. Patients 
with low muscle mass were compared to those with pre-
served muscle mass, using study-specific cut-off values.

To address heterogeneity, separate analyses were per-
formed for studies using SMA and SMI. Units were 
standardized where possible, converting measurements 
to cm2 for SMA and cm2/m2 for SMI. In Ji et  al. 2018, 

patients with normal SMI and visceral adiposity were 
grouped as having preserved muscle mass, while those 
with low SMI, with or without visceral obesity, were 
classified as low muscle mass [19]. Similarly, in Kaplan 
et  al. 2016, patients with low SMI and osteopenia were 
grouped under low muscle mass, and those with osteo-
penia only were categorized as having preserved muscle 
mass to ensure consistent comparison [20].

A random-effects model was used for the meta-anal-
ysis to estimate pooled effect sizes, accounting for both 
within-study and between-study variability. Heteroge-
neity was assessed using the I2 statistic. The number of 
deaths (n) in both low and preserved muscle mass groups 
was used to calculate log-transformed OR. Forest plots 
were generated to display OR and 95% confidence inter-
vals (CI), indicating whether the results favored low or 
preserved muscle mass. Regarding studies that did not 
report the number of deaths (n), we used the published 
OR and included these 4 additional studies for short-
term mortality and 1 additional study for long-term mor-
tality in distinct meta-analysis performed on OR instead 
of exact mortality counts. We performed a funnel plot to 
assess potential publication bias for the analysis of short- 
and long-term mortality.

For studies that indicated the size of subgroups 
with low muscle mass, we performed a prevalence 
meta-analysis.

All analyses and visualizations were performed using 
Stata version 18.0 software (Statcorp, 2023, College Sta-
tion, USA), with forest plots created via the meta forest-
plot command.

Results
Study selection
After removing duplicates and excluding studies that did 
not met the inclusion criteria, 35 studies remained for 
the systematic review (Fig. 1). Reasons for the exclusion 
of studies after full-text screening are presented in Sup-
porting Information Table 2.

Characteristics of the studies and participants
A summary of the characteristics of the 35 included stud-
ies is detailed in Table  1. All studies were single-center, 
and most (31 out of 35) were retrospective, with patient 
inclusion years ranging from 2003 to 2022. Most stud-
ies were conducted in the United States (n = 8 studies) 
[20–27], followed by Turkey [28–31], Korea [32–35], 
and other countries, as shown in Supporting information 
Fig.  2, which illustrates the distribution by country and 
continent. The year of publication ranged from 2003 to 
2024, with most studies published in 2021 (n = 7) [21, 31, 
36–40]. The study populations varied, with sepsis/sep-
tic shock (n = 10 studies) [19, 21, 22, 32–35, 37, 41, 42], 
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COVID-19 [28, 31, 39, 43, 44] and trauma [20, 26, 38, 40, 
45] (n = 5 each), surgical patients (n = 3) [23, 24, 27], gen-
eral intensive care populations (n = 4) [29, 46–48], and 
mechanical ventilation (n = 2) [49, 50] being the most 
common. Sample sizes ranged from 36 to 939 patients, 
with a total of 9366 participants across all studies. The 
age range was wide, with medians and means reported in 
the 40 s and 70 s. The average proportion of female par-
ticipants was 37.9%, revealing a predominance of male 
participants within the study populations.

Skeletal muscle mass was primarily assessed using SMI 
(n = 27) [4, 19–26, 28, 29, 31, 32, 34–36, 38, 41, 43–45, 
47–49, 51–53] compared to SMA, which was reported 5 
times [42, 43, 46, 49, 50]. The cut-off values used to clas-
sify low SMI ranged from 34.8 to 55.4 cm2/m2 for men 
and from 27.7 to 41.0 cm2/m2 for women. Other systems 
of measurement, such as the PMI (n = 6) [26, 30, 31, 33, 
37, 40] or PMA (n = 2) [27, 39], were also utilized, though 

cut-off values varied or were not consistently defined. 
Cut-offs for low skeletal muscle mass are presented in 
Supporting information Table  3. The L3 vertebra level 
was the most frequently used anatomical reference point, 
with 29 out of 35 studies using this level. Among these, 17 
studies measured total muscle mass including the psoas, 
paraspinal muscles and abdominal wall muscles. Several 
studies employed other levels, including L1, L2, L3–L4, 
L4, and L4–L5, focusing either on the psoas, abdominal 
wall, and paraspinal muscles or specifically on the psoas 
muscle [26, 27, 30, 33, 37, 39, 40]. Slice thickness was 
reported in only a few studies and ranged from 1 to 5 mm. 
The most used software for CT analysis were sliceOmatic 
(n = 10) [20, 21, 25, 36, 39, 41, 43, 44, 49–51], ImageJ [19, 
22, 32, 45] and Osirix [23, 29, 37, 46] (n = 4 each) and 
three reported manual outlining [24, 30, 40].

Fig. 1  PRISMA flow diagram study selection and inclusion process
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Risk of bias in studies
We used the robvis (Risk-Of-Bias Visualization) tool 
[54] to present the results of the critical appraisal of risk 
of bias for each included study (Supporting information 
Fig.  1). Among the 35 included studies, only one had 
an unclear overall risk of bias [31]. The most frequently 
identified sources of bias were related to reliability (14/35 
studies) and potential confounders (5/35 studies).

Mortality outcomes
Supporting information Table 4 shows the mortality rate 
of the studies to highlight differences between study cen-
tres or studies. The included studies reported the mortal-
ity in ICU, in hospital, at days 28, 30 & 90, at 6-months, at 
1-year. ICU mortality rate varied from 6.5 [46] to 38.7% 
[29], and hospital mortality from 8.5 [21] to 44.8% [28]. 
Long-term follow-ups revealed mortality rates of up to 
45.3% at 1-year [22].

The association between mortality and muscle mass 
was evaluated by (1) comparison of mortality rates at 
defined time-points between patients categorized with 
low or preserved muscle mass according to cut-offs that 
may differ, (2) comparison of muscle mass size at defined 
time-points between deceased patients and survivors, 
and (3) mortality risk predicted by muscle mass as con-
tinuous or categorical values.

ICU mortality
ICU mortality related to skeletal muscle mass was inves-
tigated in six studies [29, 36, 43, 46–48] (Supporting 
information Table 5).

Two studies reported significant higher ICU mor-
tality in patients with low L3 SMI [29, 48]. In contrast, 
one study found no statistically significant associa-
tion between low L3 SMI and ICU mortality [36] while 
another did not find any statistically significant difference 
in ICU mortality based on L3 SMA [46].

One study did not find a significant difference in L3 
SMI size between deceased patients and survivors [47].

Damanti et  al. 2022 found a significant association 
between lower L1-L2 or L3 SMI and higher ICU mortal-
ity risk when adjusted for age, sex, and frailty index, but 
not when adjusted for BMI, and no association between 
SMA and ICU mortality [43]. Bear et  al. 2021 did not 
show any significant increase in ICU mortality risk with 
low L3 SMI [36].

Hospital mortality
Hospital mortality was assessed in 16 out of 35 studies 
[20–22, 24–28, 30, 41, 43, 44, 48, 50, 51, 55] (Supporting 
information Table 6).

Six studies reported significant higher hospital mortal-
ity in patients with low L3 SMI [21, 25, 41, 48], low L1 

SMI [28] or low L3 SMA [50]. In one study, a significant 
difference was only found for women, but not for men 
[51]. Several studies [20, 22, 24, 26, 27, 44] did not find 
significant differences in hospital mortality between 
patients with low vs. preserved muscle mass. They used 
different SMI cut-off values [20, 22, 24], or BMI-adjusted 
SMI cut-offs [44]. One study used the L4 PMI [26], while 
another categorised patients according to L4-L5 PMA 
tertiles [27].

Four studies found significantly smaller size of L3 
PMI [30], L3 SMA [42], L3 SMI [51] or L1 SMI [28] in 
deceased patients compared to survivors.

Five studies have reported significantly higher hospital 
mortality risk in patients with low SMI [25, 28, 30, 48], 
and low SMA [42]. One study found that L1-L2 or L3 
SMI and SMA were positively associated with a reduc-
tion in the risk of hospital mortality when analyzed indi-
vidually, but not after adjusting for age, sex and body 
mass index (BMI) or frailty index [43]. Another study 
found an increased, though not statistically significant, 
risk of adverse outcomes in patients with a low L4 SMI 
in univariate analysis, remained non-significant after 
adjusting for age, comorbidities and Abbreviated Injury 
Scale [26].

28‑day & 30‑day mortality
Seventeen studies analysed 28-day and 30-day mortal-
ity [19–21, 23, 32–35, 38, 39, 45–47, 50–53] (Supporting 
information Table 7).

Six studies reported significantly higher 28 & 30-day 
mortality rates in patients with low L3 SMI [21, 32, 34, 
45], low L3 PMI [33], or low L3 SMA [50] compared to 
those with preserved values. One study reported a higher 
30-day mortality rate in patients with low L3 SMI and 
visceral obesity [19]. Six of these studies based their 
results on muscle index [19, 21, 32–34, 45], but only two 
used the same cut-offs [21, 45]. In contrast, three studies 
did not observe a significant difference in mortality rates 
between patients with low and normal L3 SMI [35, 38] or 
L3 SMA [46]. Kaplan et al. 2016 compared patients with 
low L3 SMI and osteopenia with those without low L3 
SMI and/or low bone density and also found no signifi-
cant difference in mortality rates [20].

Four studies observed that patients who died at 28 or 
30-day had a significant smaller muscle mass size in SMI 
[23, 32, 52] or PMI [33] than the survivors. In contrast, 
several studies reported no statistically significant differ-
ences in muscle mass size for L3 SMI [45, 47] or L3-L4 
PMA [39] between deceased and surviving patients at 
28–30 days.

Nine studies reported a significant higher mortality 
risk at day 28 or 30, with depleted L3 SMI [19, 23, 32, 34, 
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45, 51, 53] or L3 PMI [33] or L3 SMA [46]. Ji et al. 2018 
found a significant association particularly in patients 
with visceral obesity and low L3 SMI [19].

90‑day & 100‑day mortality
Three studies looked at 90-day and 100-day mortality in 
relation to CT-derived skeletal mass [37, 38, 42] (Sup-
porting information Table 8).

Two studies reported 90-day mortality rates: one 
assessed L3 SMI and found no significant differences 
[38] while the other analyzed L3-L4 PMI in tertiles but 
did not compare mortality rates as percentages [37].

Shibahashi et al. 2017 found that patients who did not 
survive up to 100 days after admission had significantly 
lower size of L3 SMA compared to survivors [42].

Okada et al. 2021 found a significantly higher 90-day 
mortality risk in patients with an L3-L4 PMI in the 
highest tertile compared to the lowest [37]. Shibahashi 
et al. 2017 reported significantly lower 100-day survival 
rates in patients with low L3 SMA compared to those 
with higher SMA [42].

6‑month mortality
Four studies analysed 6-month mortality [33, 36, 47, 
49] all at the L3 level (Supporting information Table 9).

Two studies found a significantly higher mortality 
rate in patients with low PMI [33] or low SMA [49] 
compared with preserved muscle mass, while one study 
found no significant difference using SMI [36].

Two studies report a significantly smaller size of SMI 
or SMA [47, 49] in deceased patients compared with 
SMA and SMI in surviving patients.

The 6-month mortality risk was significantly higher in 
patients with low PMI compared to those with normal 
PMI [33]. However, Bear et  al. 2021 found no signifi-
cant association between SMI and 6-months mortality 
[36].

1‑year mortality
Five studies consistently found an association between 
low skeletal mass at the L3 level and increased 1-year 
mortality [20–22, 34, 47] (Supporting information 
Table 10).

Three studies reported significantly higher 1-year 
mortality rates in patients with low SMI compared to 
those with normal SMI [21, 22, 34]. Kaplan et al. 2016 
also found that low SMI was significantly associated 
with higher 1-year mortality, particularly when com-
bined with osteopenia [20].

One study showed a significantly smaller size of SMI 
in patients who had died at 1 year as compared to those 
who survived [47].

Four studies showed that a low SMI significantly pre-
dicted 1-year mortality [20–22, 34]. One study did not 
perform regressions [47].

Other mortality
Death has also been studied in terms of overall mortality 
[34, 40], and overall survival [31, 47] (Supporting infor-
mation Table 11). The follow-up of these studies ranged 
from admission to 4000 days (e.g., Oh et al. 2022 [34]).

The overall mortality rate was significantly higher in 
patients with low L3 SMI [34], but did not differ signifi-
cantly between patients with low and preserved L4 PMI 
[40].

Oh et  al. 2022 showed that patients with low L3 SMI 
had a significantly higher risk of overall mortality than 
those with normal SMI [34]. Beypinar et al. 2021 reported 
an association between L3 PMI and survival days [31]. 
Furthermore, Loosen et al. 2020 found that an L3 SMI of 
less than 75.0 mm2/cm was associated with a significantly 
increased risk of reduced overall survival [47].

Meta‑analysis
Twenty-two studies evaluated the association between 
short or long-term mortality and lumbar muscle mass 
[19–22, 24, 26–30, 32, 33, 36, 38, 41, 44–46, 48, 50, 53, 
56].

Risk of short‑term mortality
A total of 18 studies were included in the meta-analysis 
to assess the risk of death in the short term based on 
muscle mass [19–22, 24, 26, 27, 29, 32–34, 38, 41, 44–46, 
48, 50]. Three studies considered muscle mass area [27, 
46, 50], while the remaining used the muscle mass index 
[19–22, 24, 26, 29, 32–34, 38, 41, 44, 45, 48].

Patients with low muscle mass had a significantly 
higher risk of short-term mortality, with an OR of 2.28 
(CI 1.79–2.91, P < 0.001). This increased risk remained 
even when SMA and SMI were analysed separately. Fig-
ure 2A shows the OR for mortality based on the sample 
sizes (n) reported in the primary studies, and Fig.  2B 
shows additionally the OR for SMI reported in the pri-
mary studies [28, 30, 36, 53]. The risk of short-term mor-
tality remained elevated and showed minimal variation, 
with an OR of 2.33 (CI 1.90–2.87, P = 0.01).

Supporting information Fig.  3 presents the meta-
analysis ranked by the cut-offs used to define low mus-
cle mass. Studies applying lower cut-offs (e.g., < 38 cm2/
m2 for women and < 50 cm2/m2 for men) consistently 
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Fig. 2  Meta-analysis of low muscle mass (MM) and short-term (ICU, hospital, 28- and 30-day) mortality in critically ill patients. Figure A shows 
the OR mortality calculated according to the number of deaths (n), when reported in the primary studies. Figure B adds 4 additional studies 
where the sample size of the number of deaths was not reported
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found significantly higher odds of short-term mortality 
among patients with low muscle mass, with ORs rang-
ing from 2.02 to 4.49 except for Xi et al. 2021 (OR 0.60) 
[38]. In contrast, studies using higher cut-offs reported 
a slightly lower pooled OR (2.07 vs. 2.82), with reduced 
heterogeneity.

The funnel plot for studies investigating the association 
between low muscle mass and short-term mortality is 
presented in Supporting information Fig. 4.

Risk of long‑term mortality
All the articles that looked at long-term mortality also 
reported results for short-term mortality, and none 
examined only long-term mortality. In the included 
studies, long-term mortality was assessed at 90  days, 
6 months, and 1 year. A total of five studies were included 
in the meta-analysis [20–22, 33, 38]. Patients with low 

muscle mass had a threefold higher risk of long-term 
mortality (OR 3.02, CI 1.40–6.51, P < 0.001) (Fig.  3). 
When one additional study reporting the OR was 
included [36], the risk of long-term mortality remained 
significantly higher for patients with low muscle mass 
(OR 2.67, CI 1.45–4.92, P < 0.001).

The studies were ranked according to the sex-specific 
cut-offs used to define low muscle mass in Supporting 
information Fig. 5. The association between low muscle 
mass and long-term mortality is stronger and more con-
sistent when higher cut-offs are used to define low mus-
cle mass.

The funnel plot for studies investigating the association 
between low muscle mass and long-term mortality is pre-
sented in Supporting information Fig. 6.

Fig. 3  Meta-analysis of low muscle mass (MM) and long-term (90-days, 6-months, 1-year) mortality in critically ill patients. Figure A shows 
the OR mortality calculated according to the number of deaths (n), when available, or provided in the primary studies. Figure B adds 1 additional 
study where the sample size of the number of deaths was not reported
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Prevalence of low muscle mass
Figure 4 shows considerable heterogeneity (I2 = 98.2%) in 
the prevalence of low muscle mass among the 22 studies 
that provided sample sizes for the subgroups [19–22, 24–
27, 29, 32–34, 36–38, 40, 41, 44–46, 48, 50]. The overall 
prevalence amounted to 42% (CI 34–49%), ranging from 
5 to 71%. Forest plot resulting from the meta-analysis of 
the single, untransformed prevalence of low muscle mass. 
When a study prevalence is close to 0 or 1, its estimated 
variance is very small, and thus the study is assigned an 
artificially large weight in the meta-analysis.

Discussion
Our study focuses solely on baseline skeletal muscle mass 
as assessed by CT scans at admission. Key findings of the 
narrative synthesis include: (a) SMI was predominantly 

used to assess skeletal mass across studies, with widely 
varying cut-off values for defining low skeletal mass; (b) 
hospital and 28- to 30-day mortality were the main time 
points reported; (c) the studies compared mortality rates 
between patients with low and preserved muscle mass, 
analyzed the differences in the size of the muscle mass 
between the deceased and the surviving patients, or 
assessed the risk of death in patients with reduced mus-
cle mass, but the results were heterogeneous. The meta-
analyses show that low muscle mass more than doubles 
the risk of short- and long-term mortality. Furthermore, 
the pooled prevalence of low skeletal muscle mass was 
substantial, but with high variability and heterogeneity 
between studies.

Fig. 4  Meta-analysis of the prevalence of low muscle mass among 22 Studies reporting subgroup sample sizes
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Previous systematic reviews have highlighted dif-
ferences in assessment methods, time of muscle mass 
measurement and time of outcome evaluation. Fazzini 
et al. 2023 focused on studies measuring the association 
between muscle mass loss during critical illness, meas-
ured by various methods, and ICU, in-hospital, or 60-day 
mortality [3]. They found that ultrasound was used in 85% 
of studies (n = 28), while CT was used in only 15% (n = 5), 
and that muscle mass loss was inconsistently associated 
with mortality. They did not perform any meta-analysis 
because of the different time-points of mortality assess-
ment [3]. Yang et al. 2023 included studies that measured 
muscle mass by CT (n = 33), anthropometry (n = 2), and 
ultrasound (n = 2) in critically ill patients, not especially 
at ICU admission [13]. They reported a 51% prevalence 
of low skeletal muscle mass, and a 2- to 3-times higher 
hospital, 30-day and 1-year mortality in patients with 
low muscle mass [13]. Finally, Meyer et al. 2021 reported 
a high prevalence of low skeletal muscle mass assessed 
exclusively by CT scan, again associated with a 2–3 times 
higher short-term mortality [14]. Long-term mortal-
ity was not assessed, and the time frame for CT acqui-
sition varied, ranging from days around ICU admission 
to 28–30  days after major ICU events [14]. Our results 
confirm that low muscle mass at admission more than 
doubles the risk of short-term mortality and addition-
ally highlight its association with increased long-term 
mortality. The high prevalence of low muscle mass in our 
study (42%, ranging from 5 to 71%) was similar to the 
50.9% found by Meyer et  al. 2021, ranging from 26.3 to 
71.1%, though they did not provide information on het-
erogeneity [14].

Since there are no universally accepted cut-off values 
to define low skeletal muscle mass, studies often rely on 
cut-offs that have been validated in other populations 
of different sex, ethnicity, age, and health status. In our 
systematic review, the cut-offs used to define low SMI in 
critically-ill patients were sex-specific and established in 
healthy adults [22, 32, 34, 36, 41, 43], patients with can-
cer [19–21, 24, 25, 29, 35, 44, 45], and patients with liver 
disease [53]. While these approaches are pragmatic, they 
introduce variability in the definition of low muscle mass, 
which may affect comparability and the consistency of 
findings across studies. Our additional analysis explored 
whether the choice of cut-off values influences the 
observed association between muscle mass and mortal-
ity. For short-term mortality, studies using lower cut-offs 
(e.g., < 38 cm2/m2 for women and < 50 cm2/m2 for men) 
tended to report higher ORs, although results were more 
heterogeneous. In contrast, studies using higher cut-offs 
(≥ 38/50) showed a slightly lower OR but lower heteroge-
neity. For long-term mortality, the pattern was reversed: 
higher cut-offs (≥ 38/50) exhibited a stronger and more 

consistent association with mortality. However, cut-off 
variability alone does not fully explain the inconsistencies 
across studies. For example, Osuna-Padilla et  al. 2022 
[44] reported no association with short-term mortality 
despite using cut-offs similar to other positive studies [21, 
45]. These findings suggest that the prognostic value of 
muscle mass may depend not only on the presence of low 
mass, but also on how it is defined, as well as on larger 
factors such as population characteristics, ethnic origin, 
illness severity, or underlying muscle quality.

The psoas, paraspinal, and abdominal wall muscles 
were included in the CT scans in most studies. Nonethe-
less, some studies used the SMA of the psoas and par-
aspinal muscles, excluding the abdominal muscles [42] 
and others used only the PMA [27, 39] or PMI [26, 27, 
30, 31, 33, 37, 39, 40]. Pigneur et  al. 2023 showed that 
PMI correlated weakly with SMI, making it an unreliable 
measurement for detecting low muscle mass in cancer 
patients [57]. To improve standardization and compara-
bility of results, we propose the consistent use of L3 SMI, 
including the psoas, paraspinal, and abdominal wall mus-
cles, as the preferred measurement. In addition, assess-
ment of muscle quality using CT-derived attenuation 
values (e.g., normal vs. low attenuation or poor quality 
muscle) could provide further valuable insight into mus-
cle composition and improve interpretation of results, 
allowing a more comprehensive assessment of its prog-
nostic significance.

This systematic review has several strengths. First, it 
includes only studies focusing on critically ill patients 
admitted to the ICU, regardless of specific pathologies, 
making it representative of the overall ICU population. 
Second, it relies exclusively on muscle mass assessment 
using CT scans at the lumbar level, which is considered 
the gold standard for muscle mass assessment. Third, by 
reinforcing the evidence that low skeletal muscle mass 
significantly increases short-term mortality risk, but also 
extending this analysis to long-term mortality and show-
ing the considerable variability in reported prevalence. 
Fourth, despite the heterogeneity of the study popula-
tions, our review systematically examined key variables 
that may influence muscle mass assessment, including 
differences in measurement techniques (muscle area 
vs. index; muscle included in the measurement), cut-
off values, and patient ethnicity. However, it has several 
limitations. The lack of standardized adjustment mod-
els, particularly for important confounders such as the 
severity of acute illness and the burden of comorbidi-
ties, limits the comparability of results and highlights the 
need for future research to establish consistent multivari-
ate approaches. Moreover, most of the included studies 
were retrospective and single center, which may limit the 
external validity of the results and preclude conclusions 
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about causality. Differences in patient characteris-
tics such as ethnicity, age and comorbidities (as cancer, 
chronic obstructive pulmonary disease, and advanced 
liver disease), as well as differences in the reasons for ICU 
admission (e.g. elderly patients with sepsis vs. trauma in 
young adult’s patients), may influence both skeletal mus-
cle mass and mortality outcomes. Although the focus of 
this review was on CT-derived measurements at the lum-
bar level, variations in anatomical landmarks, measure-
ment protocols and software used between studies may 
have contributed to inconsistencies in reported values. 
In addition, the retrospective use of diagnostic CT scans, 
which were not primarily performed to assess muscle 
mass, may have introduced bias into the data collection. 
Finally, the timing of CT measurements varied across 
studies, ranging from 7  days before to 7  days after ICU 
admission. In some cases, CT scans were performed at 
specific times, such as before surgery or at the onset of 
sepsis, while some studies did not specify the exact day of 
CT acquisition (e.g. on admission). Given the rapid and 
significant muscle loss in critically ill patients, this vari-
ability in timing may have influenced the results across 
studies.

Conclusions
This systematic review and meta-analysis highlight 
that CT-assessed skeletal muscle mass at ICU-admis-
sion is associated with short- and long-term mortal-
ity and may serve as a prognostic marker in critically 
ill patients. The high prevalence of low muscle mass on 
admission, together with the considerable heterogene-
ity between studies, highlights the need for standardi-
zation of both measurement methods and definitions. 
Future research should focus on the development and 
validation of standardized assessment protocols. In 
addition, integrating indicators of muscle quality may 
contribute to a more comprehensive understanding.
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