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Abstract
Background  Patients with severe community-acquired pneumonia (sCAP) admitted to the intensive care unit (ICU) 
often exhibit muscle catabolism, muscle weakness, and/or atrophy, all related to an increased morbidity and mortality. 
However, the relationship between thoracic skeletal muscle mass and sCAP-related mortality has not been well-
studied. Early recognition of sarcopenia in ICU patients with sCAP would benefit their prognosis.

Methods  A retrospective study was conducted in Taizhou Hospital of Zhejiang Province, involving 101 patients 
with sCAP admitted in the ICU between December 2022 and February 2023. We measured the cross-sectional aera 
of the pectoralis, intercostal, paraspinal, serratus, and latissimus muscles at the T4 vertebral level (T4CSA) using chest 
computed tomography. Discriminatory thresholds were established by performing receiver operating characteristic 
curve analysis, with a designated cutoff value of 96.75 cm2 for male patients. This cohort was classified into mortality 
and survival groups based on a 6-month post-admission outcome. Univariate and multifactorial logistic regression 
analyses were performed to validate the correlation between low thoracic skeletal muscle area and prognostic 
outcomes.

Results  The mean age of the patients was 75.39 ± 12.09 years, with an overall 6-month mortality of 73.27%. T4CSA 
of the 6-month survival group was significantly larger than that in the mortality group for overall cohort. The T4CSA 
in the survival group was significantly larger than that in the mortality group (104.29 ± 23.98cm2 vs. 87.44 ± 23.0cm2, 
p = 0.008). T4CSA predicted the 6-month mortality from sCAP in males with an AUC of 0.722 (95% confidence interval 
(CI), 0.582–0.861). The specificity and sensitivity were 71.4% and 71.1%, respectively, (p < 0.05). No significant difference 
was observed between the two groups in terms of T4CSA.

Conclusions  This study revealed that low thoracic skeletal muscle mass increased the risk of all-cause 6-month 
mortality in ICU patients with sCAP, particularly among male patients.
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Background
The global population of older individuals is rising, 
with projections indicating that the proportion of 
those aged over 65 years old will increase by at least 
10% in the future. Sarcopenia, characterized by the 
decline in skeletal muscle function, strength, and 
mass, which occurs with age reportedly affects 30% of 
individuals over 60 years old [1]. Sarcopenia can not 
only cause physical disability but also increase the risk 
of mortality [2, 3]. An epidemiological study in China 
involving individuals over the age of 60 years found 
that two out of five older adults suffer from sarcope-
nia, with the prevalence of potential sarcopenia in this 
population exceeding 45.0% [4].

Severe community-acquired pneumonia (sCAP) 
is the leading cause of hospitalization and mortality 
among older adults [5], with hospital mortality rates 
exceeding 50% [6]. However, the mortality rate among 
older patients with sCAP in the intensive care unit 
(ICU) is high, and many of these patients have diffi-
cultly being weaned off the ventilator, often attributed 
to respiratory muscle atrophy. Respiratory sarcopenia 
refers to the gradual weakening and atrophy of the 
respiratory muscles over time; [7–9] moreover, it can 
lead to reduced respiratory function [10]. The diagno-
sis of sarcopenia includes at least two of the following 
three items: skeletal muscle mass, muscle strength, 
and measures of physical performance. Loss of skel-
etal muscle mass is associated with high risk of loss 
in mobility and increased mortality in older individu-
als [11, 12]. Meanwhile, the association between low 
thoracic skeletal muscle and mortality due to sCAP 
remains inconclusive. Several techniques have been 
used to assess skeletal muscle mass, including com-
puted tomography(CT), magnetic resonance imaging, 
dual-energy X-ray absorptiometry, and bioimpedance 
analysis [3]. Grip strength and the chair stand test (five 
sets of sit-to-stand) are used to assess muscle strength 
[3]. The physical performance can be assessed using 
the timed up-and-go test, gait speed test, short physi-
cal performance battery, 400-meter timed walk, and 
cardiorespiratory fitness (CRF) test [13, 14]. CRF is 
used to assess the capacity of cardiorespiratory sys-
tem to supply blood and oxygen to the skeletal muscles 
during moderate to strenuous physical activity, and has 
been associated with increased risk of mortality [15]. 
However, patients with sCAP especially in ICU often 
cannot be tested for sarcopenia using the criteria of 
muscle strength test and physical performance. Respi-
ratory sarcopenia refers to the loss of muscle mass and 

strength in both respiratory and body skeletal muscles 
with aging. However, there is no consistent definition 
of respiratory sarcopenia, and the diagnosis criteria 
vary in clinical practice [16]. CT provides a simple 
and reliable method to assess both respiratory and 
body skeletal muscle mass in critically-ill patients [17]. 
The cross-sectional area (CSA) of thoracic skeletal 
muscles, as measured via CT, correlates closely with 
thoracic muscle volume [18]. This CSA assessment is 
a valuable tool in evaluating sarcopenia [19–21]. For 
critically-ill ICU patients, especially those on ventila-
tor support, when sarcopenia cannot be assessed by 
conventional methods, chest CT scans can be used to 
measure the skeletal muscle mass. This approach is 
undoubtedly convenient, cost-effective, easy to inter-
pret, and feasible for such patients, particularly those 
with sarcopenic respiratory disability. Moon et al. used 
the CSA at the 4th thoracic vertebral level (T4CSA) on 
CT for sarcopenia assessment and found that cutoff 
values can be quantified according to sex when mea-
suring thoracic muscle mass [19].

Risk factors for mortality from sCAP include age, 
comorbidities, vital signs, pathogen specificity, and ill-
ness severity [6]. However, the correlation between the 
thoracic skeletal muscle mass and sCAP-related mor-
tality has not been well-studied. Therefore, the aim of 
this study was to investigate whether low thoracic skel-
etal muscle mass is associated with 6-month mortality 
following diagnosis of sCAP in patients in the ICU.

Methods
Ethics statement
This retrospective study complied with the principles 
of the Declaration of Helsinki.

The Institutional Ethics Committee of Taizhou Hos-
pital, Zhejiang Province, China approved this study 
(NO: KL20231204) and waived the requirement for 
written informed consent owing to the retrospective 
observational design.

Study design and population
We performed a single-center retrospective cohort 
study on patients with sCAP who were admitted to 
the ICU of Taizhou Hospital between December 2022 
and February 2023. The inclusion criteria were as fol-
lows: (i) patients undergoing endotracheal intubation 
and mechanical ventilation, (ii) patients who had a 
chest CT scan before admission, (iii) admission to ICU 
for non-traumatic reasons, (iv) age > 18 years, and (v) 
diagnosis consistent with the 2007 Infectious Disease 
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Society of America/American Thoracic Society con-
sensus guidelines on the management of community-
acquired pneumonia in adults [22]. The exclusion 
criteria were as follows: (i) patients who had not been 
endotracheal intubation or mechanically ventilated 
(n = 15), (ii) death or discharge within 24  h of admis-
sion, (iii) patients without chest CT scan before admis-
sion (n = 57), (iv) pregnant or breastfeeding woman, 
and (v) patients aged < 18 years.

This study enrolled a total of 101 patients. All 
patients were selected for T4CSA measurement based 
on previous studies [19]. This cohort was divided 
into the mortality and survival groups based on the 
6-month post-admission outcomes. As the threshold 
for sarcopenia is different in males and females [19, 
23], the cohort in this study were subsequently divided 

into male and female groups based on sex. All enrolled 
patients were Chinese (Fig. 1).

Measurement of cross-sectional skeletal muscle area
The CSA of the pectoralis, intercostal, paraspinal, 
serratus, and latissimus muscles at the T4CSA was 
quantified using the semiautomatic sliceOmatic 5.0 
(TomoVision, Canada) (Fig.  2). The T4 level, encom-
passing the aortic arch and serving as a standard ref-
erence section, was included in our analysis [19]. 
The authors identified images by visual evaluation. 
The T4CSA was automatically computed by summing 
the pixel attenuation within the range of -30 to + 150 
Hounsfield units, indicative of skeletal muscle tissue.

Fig. 1  Flowchart showing study cohort selection. ICU, Intensive care unit; sCAP, severe community-acquired pneumonia.
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Data collection
Baseline data, including presence of hypertension, dia-
betes, and coronary atherosclerotic heart disease, were 
recorded. White blood cell count, hemoglobin (HGB), 
platelet count, albumin, glutamic-pyruvic transami-
nase (ALT), creatinine, blood urea nitrogen (BUN) 
within the first 24 h of ICU admission were abstracted 
for further analysis, along with acute physiology and 
chronic health II (APACHE II) and the highest sequen-
tial organ failure assessment (SOFA) scores. All of 
these tests were performed within the first 24 h of ICU 
admission.

Outcomes
The primary outcome was death from any cause within 
6 months. The second outcome was time to mechani-
cal ventilation; tracheal reintubation after extuba-
tion failure; and whether tracheotomy was performed 
during hospitalization. We assessed the patients’ 
ability to transition from ventilator support to spon-
taneous breathing using methods such as T-tube 

trials, continuous positive airway pressure, and mini-
mal pressure support ventilation. Successful weaning 
is defined as achieving independent breathing without 
any ventilator support and maintaining freedom from 
non-invasive or invasive respiratory support for at 
least 48 h after extubation.

Statistical analyses
Continuous variables are reported as means with stan-
dard deviations or medians, or numbers along with 
proportions. The classified variables are expressed as 
counts and percentages. Chi-square and Fisher’s exact 
tests were used to compare classified variables, while 
t-tests were used to compare continuous variables 
between groups. The Mann–Whitney U test was used 
to compare groups and assess a non-positive distribu-
tion. Univariate and multivariate logistic regression 
analyses were performed for data showing signifi-
cant differences between the survival and mortality 
groups. The predictive power of T4CSA ≤ 96.75 cm2 was 
assessed using AUC. We used SPSS version 26.0 (IBM, 

Fig. 2  Measurement of the cross-sectional area at the 4th vertebral level
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Armonk, NY, USA) for data analysis, with the signifi-
cance threshold set at p < 0.05.

Results
A total of 176 patients with sCAP admitted to the ICU 
of Taizhou Hospital between December 2022 and Feb-
ruary 2023 were included in this study. Overall, 57 
patients were excluded due to a lack of pre-admission 
CT, 15 patients were excluded due to missing tracheal 
intubation, 1 patient was excluded due to tracheotomy 
status before admission, and 2 patients were excluded 
due to loss to follow-up (Fig.  1). Finally, 101 patients 
with a mean age of 75.39 ± 12.09 years were included 
in the analysis (Table 1). The baseline clinical charac-
teristics are presented in Table 1. The overall 6-month 
mortality of this cohort was 73.27%.

Risk factors in 6-month all-cause mortality for the overall 
cohort
No statistically significant differences were observed 
in presence of hypertension, diabetes, coronary heart 
disease, sex, APACHE II score, SOFA score, white 
blood cell count, HGB, platelet count, albumin, ALT, 
creatinine, BUN, duration of mechanical ventila-
tion, tracheal reintubation after extubation failure, or 
whether tracheotomy was performed during hospital-
ization between two groups (all p > 0.05) (Tables 1 and 
2).

The patients in the 6-month mortality group were 
significantly older than those in the survival group. 
Additionally, T4CSA of the 6-month survival group was 
significantly larger than that of the mortality group 
(Table  1). The number of tracheotomies conducted 
during hospitalization were significantly higher in 
the 6-month survival group than that in the mortality 
group (all p < 0.05) (Table 2).

Risk factors for all-cause death at 6 months in the male 
group
Based on previous studies [19], all patients were clas-
sified according to sex for the subgroup analysis. Six 
months after admission, males were categorized based 
on their survival prognosis. The two groups did not 
significantly differ in terms of presence of hyperten-
sion, diabetes, coronary heart disease, APACHE II 
score, SOFA score, HGB, white blood cell count, plate-
let count, albumin, ALT, creatinine, BUN, duration of 
mechanical ventilation, reintubation after extubation 
failure, or whether tracheotomy was performed dur-
ing hospitalization (all p > 0.05) (Table 1). The 6-month 
mortality group was significantly older (p < 0.05) and 
exhibit a smaller T4CSA than did the survival group 
(87.44 ± 23.00  cm2  vs.104.29 ± 23.98 cm2, p = 0.008) 

(Table  1). The overall 6-month mortality in the male 
patients was 68.18%.

T4CSA predicted the 6-month mortality from sCAP 
in males with an AUC of 0.722 (95% confidence inter-
val (CI), 0.582–0.861). The specificity and sensitivity 
were 71.4% and 71.1%, respectively (p < 0.05) (Fig.  3). 
The cut-off value for T4CSA was 96.75  cm². Univari-
ate logistics regression analysis revealed that age and 
T4CSA ≤ 96.75 cm2 were risk factors for 6-month mor-
tality in male patients with sCAP (p < 0.05) (Table  3). 
Multivariate logistics regression analysis showed that 
T4CSA ≤ 96.75 cm2 was an independent risk factor for 
6-month mortality in male patients with sCAP (odds 
ratio, 3.99; 95%CI, 1.08–14.73) (p < 0.05) (Table 3).

Risk factors for all-cause death at 6 months in the female 
group
No significant difference was observed between 
the females in the two groups in terms of presence 
of hypertension, diabetes, coronary heart disease, 
APACHE II score, SOFA score, age, T4CSA, HGB, 
platelet count, albumin, ALT, creatinine, BUN, dura-
tion of mechanical ventilation, reintubation following 
failed extubation, or whether tracheotomy was per-
formed during hospitalization (all p > 0.05) (Tables  1 
and 2). The white blood cell count was significantly 
higher in the 6-month mortality than in the survival 
group (p < 0.05) (Table 1). No significant difference was 
observed between the two groups in terms of T4CSA. 
The overall 6-month mortality in the female group was 
82.86%.

Discussion
Epidemiological investigation of community-acquired 
pneumonia in China shows that the proportion of 
sCAP is higher in males and older adults over 60 years 
old [24]. Similarly, a multicenter prospective study by 
Qu et al. showed that most patients with sCAP were 
older men over 65 years old [25], which is consistent 
with other studies on sCAP conducted in other coun-
tries [26, 27]. The mortality rate in older patients 
with sCAP remains high despite advances in diagno-
sis, management, and antimicrobial therapy. Aging 
leads to the confluence of multiple diseases in the 
older individuals, including sarcopenia, characterized 
by age-related loss of muscle mass [28]. Muscle mass 
and strength peak at the age of 40 years, with men hav-
ing a higher peak than women; however, both param-
eters gradually decline after the age of 50 years [13]. 
There is growing evidence of a robust interrelationship 
between sarcopenia and adverse clinical outcomes [29, 
30]. Patients with sarcopenia experience elevated rates 
of hospitalization and mortality [2]. Moreover, sar-
copenia is as an independent risk factor for mortality 
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[31]. Several studies have shown that the mortality risk 
among sarcopenic Japanese patients is 2-fold greater 
than that in nonsarcopenic counterparts [32, 33].

Ongoing studies have confirmed that sarcopenia can 
lead to fractures in older adults [34], need for inva-
sive mechanical ventilation, weaning difficulty, and 
increased mortality in critically-ill patients [23, 35, 
36], as well as predict 90-day mortality from aspiration 
pneumonia [37]. However, there is a paucity of studies 
investigating the association between sarcopenia and 
long-term prognosis of patients with sCAP admitted in 
ICU. In this study, we found that low thoracic skeletal 
muscle mass was associated with 6-month mortality in 
older men with sCAP. Sarcopenia can be age-related 
or secondary to systemic disease, physical inactivity, 
and inadequate intake of energy or protein [13], and 
has been associated with obesity and frailty. Patients 
with sCAP, especially the older individuals, often have 
multiple aetiologies for sarcopenia, which may explain 
why sarcopenia is a risk factor for mortality in older 
men with sCAP. Concomitantly, sarcopenia, especially 
respiratory muscle sarcopenia exacerbates low activ-
ity, undernutrition, and inflammation. These underly-
ing causes of sarcopenia further compound respiratory 
sarcopenia, leading to pulmonary functional disabil-
ity [16]. In a prospective study conducted on a large 
sample size, mechanical ventilation was the most pre-
dominant driver for mortality [38]. In patients with 
mechanical ventilation, the challenge of weaning from 
a ventilator may arise due to a vicious cycle perpetu-
ated by respiratory sarcopenia. Notably, no statistical 
difference was found in the duration of mechanical 
ventilation between the mortality and survival groups 
in this study. However, in clinical practice, patients 
treated with ventilators can be hospitalized for longer 
duration in the ICU owing to weakness or sarcopenia, 
and cannot be weaned off from the ventilator for a 
long time, or eventually die from secondary infections. 
Sabatino et al. measured the skeletal muscle area at the 
level of the thoracic 12 vertebral body and found that 
myosteatosis, as assessed by CT, played a relevant role 
as a prognostic marker in critically-ill patients with 
severe pneumonia [39]. Although the chest CT level 
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Table 3  Univariate and multivariate logistics regression analysis 
of 6-month mortality in male patients with sCAP in ICU

Univariate 
analysis

Multivariate analysis

OR p-value OR 95%CI p-value
Age 1.07 0.005 1.042 0.984∼1.104 0.162
APPACH II score 1.019 0.558 1.008 0.937∼1.084 0.827
T4CSA ≤ 96.75cm2 6.154 0.002 3.994 1.083∼14.725 0.038
ICU, intensive care unit; sCAP, severe community-acquired pneumonia; OR, 
odds ratio; CI, confidence interval; APPACH II, acute physiology and chronic 
health II; T4CSA, the cross-sectional area at the 4th vertebral level
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evaluated in their study is different from that in our 
study, the conclusion is consistent: low thoracic skel-
etal muscle mass is a risk factor for poor prognosis of 
sCAP. Moon et al. found that the T4CSA cut-off value 
of male sarcopenia was 100.06 cm2 [19]. This cut-off 
value was different from that used in our study, which 
may be related to the different patient groups between 
studies; the average age was 62.4 ± 9.4 years in their 
study, while it was  75.39 ± 12.09  years in our study. 
Furthermore, our study focused on sCAP patients 
in the ICU, whereas their study investigated healthy 
individuals undergoing physical examinations. In this 
study, we found that T4CSA was not associated with 
6-month mortality in female patients with sCAP. This 
could be attributed to a higher prevalence of sarcope-
nia observed in Chinese community-dwelling older 
males than in females [40, 41]. It may also be caused 
by the small sample size in the study. Therefore, future 
prospective studies with larger samples are warranted.

This study had several limitations. First, although 
the total sample size of 101 patients was sufficient 
to investigate the association between T4CSA and 
6-month mortality for the overall cohort, the sample 
size for the female cohort may have been inadequate 
to draw definitive conclusions. Second, this study was 
conducted at a single-center and included only Chi-
nese patients, which may limit the generalizability of 
the findings to other populations and healthcare set-
tings. Third, a formal diagnosis of sarcopenia using 
standardized criteria was not included because the 
cohort comprised critically-ill patients, which limited 
the study’s validity and the ability to compare with 
other studies. Last, potential confounding factors such 
as nutritional status, physical activity level, and frailty 
were not included, which could influence both T4CSA 
and mortality. Given the association noted between 
low T4CSA and mortality in sCAP, future research stud-
ies should explore interventional strategies to improve 
muscle mass and function in this patient population.

Fig. 3  Receiver operating characteristic curve analysis of T4CSA ≤ 96.75cm2 on 6-month mortality of male patients with severe pneumonia hospitalized 
in intensive care unit
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Conclusion
This study revealed that low thoracic skeletal muscle 
mass increased the risk of all-cause 6-month mortal-
ity in ICU patients with sCAP, particularly among 
male patients. This finding highlights the significance 
of assessing sarcopenia in ICU patients with sCAP 
and implementing a tailored treatment strategy that 
includes personalized mechanical ventilation manage-
ment and nutritional support.
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