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A B S T R A C T

Background: The impact of body composition (BC) abnormalities on COVID-19 outcomes remains to be determined.
Objectives: We summarized the evidence on BC abnormalities and their relationship with adverse clinical outcomes in patients with COVID-19.
Methods: A systematic search was conducted up until 26 September, 2022 for observational studies using BC techniques to quantify skeletal muscle
mass (or related compartments), muscle radiodensity or echo intensity, adipose tissue (AT; or related compartments), and phase angle (PhA) in adults with
COVID-19. Methodological quality of studies was assessed using the Newcastle-Ottawa Scale. A synthesis without meta-analysis was conducted to
summarize the prevalence of BC abnormalities and their significant associations with clinical outcomes.
Results: We included 62 studies (69.4% low risk of bias) with 12–1138 participants, except 3 studies with �490,301 participants. Using CT and different
cutoff values, prevalence ranged approximately from 22% to 90% for low muscle mass, 12% to 85% for low muscle radiodensity, and 16% to 70% for
high visceral AT. Using BIA, prevalence of high FM was 51%, and low PhAwas 22% to 88%. Mortality was inversely related to PhA (3/4 studies) and
positively related to intra- and intermuscular AT (4/5 studies), muscle echo intensity (2/2 studies), and BIA-estimated FM (2/2 studies). Intensive care unit
(ICU) admission was positively related to visceral AT (6/7 studies) and total AT (2/3 studies). Disease severity and hospitalization outcomes were
positively related to intra- and intermuscular AT (2/2 studies). Inconsistent associations were found for the rest of the BC measures and hospitalization
outcomes.
Conclusions: Abnormalities in BC were prevalent in patients with COVID-19. Although conflicting associations were observed among certain BC
abnormalities and clinical outcomes, higher muscle echo intensity (reflective of myosteatosis) and lower PhA were more consistently associated with
greater mortality risk. Likewise, high intra- and intermuscular AT and visceral AT were associated with mortality and ICU admission, respectively.
This trial was registered at PROSPERO as CRD42021283031.

Keywords: COVID-19, body composition, muscle, adipose tissue, phase angle, hospitalization, mortality, computed tomography, ultrasound, bioelectrical
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Introduction

COVID-19, caused by the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), has a wide spectrum of clinical mani-
festations, ranging from asymptomatic to severely symptomatic.
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Advanced age and comorbid conditions, such as obesity, diabetes
mellitus, hypertension, and cardiovascular or respiratory system dis-
eases, have been associated with severe or lethal COVID-19 [1]. Body
composition (BC) may also play a role in COVID-19 severity. Evi-
dence suggests that individuals with abnormal BC
served.
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FIGURE 1. Potential muscle wasting mechanisms of COVID-19. SARS-CoV-2
Inflammation, physical inactivity, energy imbalance, and hypoxia may also down
with BioRender.com. ACE2: angiotensin-converting enzyme 2; mTOR, mammali
respiratory syndrome coronavirus 2.

Abbreviations

ACE2 angiotensin-converting enzyme 2
ALST appendicular lean soft tissue
AT adipose tissue
BC body composition
BIA bioelectrical impedance analysis
BMI body mass index
COVID-19 coronavirus disease 2019
CSA cross-sectional area
CT computed tomography
DXA dual-energy X-ray absorptiometry
HU Hounsfield unit
ICU intensive care unit
IMAT intra- and intermuscular adipose tissue
L3 third lumbar vertebra
LOS length of stay
LST lean soft tissue
MV mechanical ventilation
NOS Newcastle-Ottawa Scale
PhA phase angle
RT-PCR real-time reverse transcriptase-polymerase chain reaction
SARS-CoV-2 severe acute respiratory syndrome coronavirus 2
SAT subcutaneous adipose tissue
SMI skeletal muscle index
SPhA standardized phase angle
T4 fourth thoracic vertebra
TAT total adipose tissue
US ultrasound
VAT visceral adipose tissue.
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phenotypes—including low muscle mass, low muscle radiodensity
(reflective of myosteatosis), and/or excess adiposity—may be at higher
risk for greater disease severity and death [2–4]. However, although BC
is a better predictor of health outcomes than BMI [5,6], its assessment
during and after COVID-19 hospitalization has been particularly
difficult in such an overburdened clinical scenario [7].

SARS-CoV-2 infection directly contributes to muscle loss and
myosteatosis through increased production of proinflammatory cyto-
kines, leading to muscle protein breakdown and/or inhibition of protein
synthesis [8–10] (Figure 1). Prolonged bed rest and hospital stay (>2
wk) are also associated with reduced muscle mass in critical care [11,
12]. This can be extrapolated to COVID-19 and might contribute to
worse clinical course and long-term sequelae [13,14]. Patients with
COVID-19 discharged from the intensive care unit (ICU) may expe-
rience an especially challenging post-acute functional recovery,
requiring specific rehabilitation strategies [15].

Obesity [using BMI as a proxy of high adipose tissue (AT)] is a risk
factor for developing severe COVID-19 [16]. Thus, AT content and
distribution may also predict COVID-19 prognosis [3,17]. Excess
visceral adipose tissue (VAT), which is highly metabolically active, is
detrimental to several health aspects. VAT secretes inflammatory me-
diators that may amplify the cytokine storm triggered by SARS-CoV-2,
thereby possibly contributing to disease severity [18–20].

In view of the above-mentioned literature, this systematic review
aimed to summarize the evidence on the prevalence of BC abnormal-
ities in COVID-19. We also investigated the relationship between BC
phenotypes and adverse outcomes, including mortality, ICU admission,
mechanical ventilation (MV), disease severity, hospitalization, and
length of stay (LOS), among others.
induces ACE2 downregulation and increases the viral effect on the body.
regulate muscle protein synthesis and cause muscle wasting. Figure created
an/mechanistic target of rapamycin; P, phosphate; SARS-CoV-2, severe acute
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Methods

Study overview and eligibility criteria
We conducted this systematic review in accordance with the

Preferred Reporting Items for Systematic reviews and Meta-Analyses
[21] and the Synthesis Without Meta-Analysis [22] reporting guide-
lines. The study was registered in PROSPERO (CRD42021283031),
and no deviations from the original protocol were made.

We used the PECOS criteria (population, exposure, comparison,
outcome, study design) to formulate the eligibility criteria of studies for
our review. Our population was defined as adults (aged�18 y) diagnosed
with COVID-19 using positive RT-PCR, with or without specific mor-
bidities. For exposure, studies had to assess �1 of the following body
composition measures: 1) quantity of skeletal muscle or its related com-
partments [that is, FFM, lean soft tissue (LST), and appendicular lean soft
tissue (ALST)]; 2) muscle radiodensity or muscle echo intensity as
markers of skeletal muscle composition; 3) quantity of AT or its related
compartments [that is, VAT, subcutaneous adipose tissue (SAT), intra- and
intermuscular adipose tissue (IMAT), and FM]; and 4) phase angle (PhA),
which is a composite value derived from raw BIA measures (that is,
resistance and reactance) and is considered a marker of muscle mass and
composition [23]. We also included studies where conditions of sarco-
penia and sarcopenic obesity were diagnosed using acknowledged BC
techniques. BC measures had to be assessed using BC techniques
compared with anthropometric approaches [for example, CT, BIA, DXA,
and ultrasound (US)] at any time point. Comparator was defined as pa-
tients with COVID-19 but with normal BC (that is, absence of abnor-
malities in BC measures using different approaches, such as
pre-established or data-driven cutoff values). Due to the challenges in
defining cutoff values for abnormal BC, we also included studies that did
not categorize participants into groups (for example, “normal” compared
with “abnormal”) but instead assessed relationships between BC and
outcomesona continuous scale.Additionaloutcomes includedprevalence
of BC abnormalities and/or clinical outcomes, such as mortality, ICU
admission, disease severity, MV, hospitalization rate, LOS or ICU stay,
comorbidities, hospital discharge, physical function (for example, grip
strength, physical performance, and mobility) or reducedmuscle function
(for example, grip strength), and inflammatory markers. We included
observational studies [for example, cross-sectional, longitudinal cohort
(retrospective or prospective), and case-controls]; data from control
groups of randomized controlled trials were also eligible for this review.

Outcomes with incomplete data were not included. We excluded
studies combining children or adolescent data with adult data or reports
on post–COVID-19 assessments. Case reports, case series, narrative
reviews, systematic reviews, meta-analyses, conference abstracts, and
non–peer-reviewed articles were also excluded.
Search strategy
A comprehensive search of electronic databases including MED-

LINE (Ovid), Embase (Ovid), CINAHL, and SCOPUS was developed
by a professional librarian in collaboration with the team. Searches
included articles published between 1 December, 2019 and 26
September, 2022 (last search update). The search combined keywords
related to COVID-19 andBC [compartments (for example, musclemass
and FFM) and clinical condition (for example, sarcopenia)] (Supple-
mental Table 1). Searches were restricted to English language and
human studies. Retrieved articles were screened for eligibility using
Covidence online software (Vertitas Health Innovation Ltd). Records
from each database were automatically merged, and duplicates were
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removed. Three independent reviewers (MMI, CEO, and ATLM)
screened titles and abstracts for inclusion criteria in duplicate, and full
text of relevant articles were retrieved and examined by these inde-
pendent reviewers. Disagreements were resolved by consensus between
reviewers. During the last search update, it was noticed that Covidence
automatically excluded as “duplicate” any non–peer-reviewed articles
that had become peer-reviewed between the first and last searches. As
such, electronic databases were manually searched (RIS files) for
non–peer-reviewed articles to identify potential eligible articles missed
during screening (see details in Supplemental Table 2).
Data extraction and synthesis
Relevant data were extracted by one reviewer (MMI, CEO, or

ATLM) using an Excel spreadsheet. Data extracted included general
study information, demographic and sample characteristics, study
design, study methods, exposure, and outcomes. An independent
reviewer (MMI, CEO, or ATLM) checked data for accuracy. Dis-
crepancies were corrected by consensus among the 3 reviewers (MMI,
CEO, ATLM). When necessary, an open source software (Digitizer
V.2.6.8; http://plotdigitizer.sourceforge.net) was used to convert data
plots into numerical values [24].

Body composition was classified into the following categories
based on measures and techniques used for assessment: muscle
quantity [that is, mass, area, or thickness of skeletal muscle or its
related compartments (FFM, LST, and ALST)], muscle composition
[that is, the degree of IMAT infiltration (or myosteatosis) depicted by
surrogate measures including muscle radiodensity or echo intensity],
PhA, and adipose tissue quantity (that is, mass, area, or thickness of
adipose tissue and its related compartments). For simplicity, CT-
assessed IMAT was considered under the category of AT because it
is usually identified using the same Hounsfield unit (HU) range of AT
(�190 to �30 HU) compared with that of skeletal muscle (�29 to
þ150 HU) [25]. However, it is noteworthy that IMAT also reflects
muscle composition and is strongly associated with muscle radio-
density and echo intensity [26,27]. Notably, highmuscle echo intensity
and low muscle radiodensity are reflective of myoesteatosis and are
therefore markers of BC abnormality.

The physical principle of BIA involves estimating total body water
and related compartments (that is, FFM, ALST, LST, or skeletal muscle
mass depending on the reference tool used to develop the BIA equa-
tion). As a result, BIA-estimated visceral fat data was not included
because it is more closely related to anthropometric measures (that is,
waist circumference) than to body composition per se and is also poorly
related to CT-assessed VAT [28,29]. Studies exclusively assessing
diaphragm muscle were also excluded, as this is currently a poorly
explored and accepted approach to define low muscle mass [30]. The
variation in prevalence of BC abnormalities among studies was sum-
marized using range (that is, minimum to maximum value reported).

The association between BC and outcomes [correlation or associa-
tion (beta, OR, and HR) coefficients] and/or differences in BC or out-
comes between analyzed groups were reported. Some studies evaluated
>1 BC compartment, and therefore, data presentation is reflected by
that (that is, total number of studies reporting the relationship is higher
than the absolute number of studies included in the review). The di-
rection of the association was described as positive (for example, higher
AT related to greater mortality rate) or inverse (for example, lower
muscle mass related to greater mortality rate) for studies where the as-
sociation was significant (P < 0.05). Studies evaluating different
indices of the same BC compartment [for example, skeletal muscle
cross-sectional area (CSA) and skeletal muscle index (SMI)] or
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outcomes within the same domain (for example, hospitalization rate and
LOS) were labeled as “mixed” if <70% of the relationships between
exposures and outcomes had a consistent direction [31]. The term
“unrelated” was used to report a nonsignificant relationship. Data from
studies not showing P values were not abstracted. Study characteristics
and findings were reported in summary tables and graphs.
Study quality assessment
The methodological quality of the included studies was assessed

independently by 3 reviewers (MMI, CEO, or ATLM) in duplicate using
theNewcastle-OttawaScale (NOS) [32], anddisagreementswere resolved
by consensus. NOS uses 2 slightly different rating scales for case-control
and cohort studies. In the absence of an official and validated rating scale
for cross-sectional studies [33], we adapted the case-control scale using
signaling questions specific to our research question and evaluated
cross-sectional studies (that is, those collecting outcome data on the same
dayor close to theBCassessment day) included in this review [34].Cohort
studies were defined as those that assessed outcomes over time (for
example, mortality and LOS). Research-specific adaptations to these
scales have been observed in the literature [35,36]. Both forms can have a
maximumof 9 points across the following3 domains:1) selection of study
groups (4 points); 2) comparability of groups (2 points); and 3) ascer-
tainment of exposure and outcomes (3 points) (Supplemental Table 3). For
quality assessment, each point was collected and summed to obtain a total
score. Studies with �6 points were considered high quality [36].

Results

Study selection and patients’ characteristics
The search identified 14,602 records (Figure 2). After screening for

duplicates and study characteristics, we reviewed 121 full-text articles,
FIGURE 2. PRISMA flow diagram for syste
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62 of which met the inclusion criteria. Included articles were cohort
(n ¼ 56) or cross-sectional (n ¼ 6) studies, with most having a retro-
spective (n ¼ 41) design. Sample sizes ranged from 12 to 1138 par-
ticipants, except for 3 studies that included participants from the UK
Biobank—one with 435,504 participants, another with 461,460 par-
ticipants, and the largest with 490,301 participants [37–39]. One of
these population-based studies performed Mendelian randomization
analysis and included participants from diverse datasets. In this case,
BC data (that is, exposure) were obtained from UK Biobank partici-
pants, whereas outcome data (COVID-19 severity and hospitalization)
were obtained from 19,444 individuals from the COVID-19 Host Ge-
netic Initiative [39].

Participant age ranged from 18 to 93 y (where range was available).
Studies assessed body composition in hospitalized patients using CT
imaging (n ¼ 45), BIA (n ¼ 12), and US (n ¼ 4). One study used 2
different techniques (CTand BIA) [40]. Most studies were from Italy (n
¼ 15), followed by Germany (n ¼ 7), United States (n ¼ 6), Mexico (n
¼ 4), and Brazil (n ¼ 4). Included articles were published between
2020 and 2022. Two studies reported data from both the first and
second COVID-19 wave [41,42], and 4 studies investigated changes
over time in BC [43–46].
Study quality
A total of 43 articles (69.4%) were rated as having a low risk of bias

(�6 points) (Table 1). The number of studies scoring the maximum
number of points within each domain were as follows: 10 studies
(16.1%) for selection of study group; 38 studies (61.3%) for compa-
rability of groups; and 29 studies (46.8%) for ascertainment of expo-
sure and outcomes. Under the “comparability of groups” domain, 16
studies (25.8%) received 1 point for controlling for covariables (that is,
age, sex), and 38 (61.3%) were assigned 2 points as they controlled for
matic reviews of databases and registers.



TABLE 1
Quality assessment of included studies (N ¼ 62) using the Newcastle-Ottawa Scale.

Study Cohort or cross-sectional1 Selection Comparability Exposure/outcome Total

1 2 3 4 1 1 2 3

Antonarelli [81] Cohort * * * * * * 6
Attaway [43] Cohort * * ** * * * 7
Aykin [97] Cohort * ** * * * 6
Battisti [90] Cohort * * ** * * 6
Beltrao [47] Cohort * * ** * * 6
Besutti [74] Cohort * * ** * * * 7
Beypinar [77] Cohort * * * * * 5y
Bunnell [95] Cohort * * * ** * * * 8
Chandarana [96] Cross-sectional * * * 3y
Chandarana [99] Cross-sectional * ** * * * 6
Cornejo-Pareja [48] Cohort * * * ** * * 7
Damanti [4] Cohort * * ** * * * 7
Da Porto [82] Cohort * * * ** * * 7
De Andrade-Junior [44] Cohort * * * * * * 6
De Lorenzo [72] Cohort * * * * * 5y
Del Giorno [49] Cohort * * ** 4y
Do Amaral E Castro [98] Cross-sectional * ** * * 5y
Erd€ol [50] Cohort * ** * * * 6
Favre [20] Cohort * ** * * 5y
Feng [51] Cohort * * * * ** * * * 9
Formenti [75] Cohort * * * * * 5y
Gao [37] Cohort * * * * * * * 7
Giraudo [52] Cross-sectional * * * * * * * 7
Goehler [70] Cohort * * ** * * * 7
Hocaoglu [76] Cohort * * * * ** * * * 9
Kang [53] Cohort * * * ** * * 7
Kardas [83] Cohort * * * ** * * * 8
Kellnar [45] Cohort * * * * 4y
Kim [54] Cohort * * * * ** * * * 9
Koehler [55] Cohort * * ** 4y
Kottlors [91] Cohort * * * * * * * * 8
Kremer [42] Cohort * * * * * * 6
McGovern [56] Cohort * * * 3y
Menozzi [41] Cohort * * ** * 5y
Moctezuma-Vel�azquez [57] Cohort * * * * * * * * 8
Molwitz [58] Cohort * * * ** * * 7
Moonen [89] Cohort * * * * * 5y
Moonen [93] Cohort * * * ** * * * 8
Nobel [86] Cohort * * * * * 5y
Ogata [6] Cohort * * * ** * * * 8
Osuna-Padilla [59] Cohort * * ** * * * 7
Osuna-Padilla [40] Cohort * * * ** * * * 8
Padiha [60] Cohort * * * ** * * * 8
Pediconi [71] Cohort * * * * * * 6
Petersen [94] Cross-sectional * ** * 4y
Polat [84] Cohort * * * * * 5y
Poros [78] Cohort * * * * * 5y
Reyes-Torres [100] Cohort * * * ** * 6
Rossi [79] Cohort * * * * 4y
Sahin [87] Cohort * * * ** * * 7
Scheffler [85] Cohort * * ** * * * 7
Schiaffino [80] Cohort * * * ** * 6
Stevanovic [73] Cohort * * * ** * * 7
Surov [88] Cohort * * * * * * 6
Ufuk[61] Cohort * * ** * * * 7
Umbrello [46] Cohort * * * * 4y
Watanabe [92] Cohort * * * * ** * * 8
Wilkinson [38] Cohort * * * * ** * * 8
Yang [62] Cohort * * * * * * * 7

(continued on next page)
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TABLE 1 (continued )

Study Cohort or cross-sectional1 Selection Comparability Exposure/outcome Total

1 2 3 4 1 1 2 3

Yi [63] Cohort * * * * * * 6
Ying-Hao [64] Cohort * * ** * * * 7
Yoshiji [39] Cross-sectional * * * * 4y

Each asterisk (*) denotes 1 point. The maximum number of points for each study is 9, and studies with �6 total points were considered to be of high quality.
Numbers with y in the “Total” column refer to studies with a low rating.
1 Cross-sectional studies were evaluated using an adapted version of the Newcastle-Ottawa Scale for case-control studies (see details on the criteria in Sup-

plemental Material). The following domains were used: selection: 1: definition adequate; 2: representative of the cases; 3: selection of controls; 4: definition of
controls. Comparability: 1: study controls; exposure: 1: ascertainment of exposure; 2: same method of ascertainment for cases and controls; 3: non-response rate.
For the cohort scale the following domains were used: selection: 1: representativeness of the exposed cohort; 2: selection of the nonexposed cohort; 3: ascer-
tainment of exposure; 4: demonstration that outcome of interest was not present at the start of study. Comparability: 1: study controls; outcomes: 1: assessment of
outcome; 2: sufficient length of follow-up for outcomes to occur 3: adequacy of follow-up.
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additional covariables (for example, disease severity, BMI). As noted
under this category, multivariate analyses were conducted in 54 studies
(87.1%) and univariate analyses in 8 studies (12.9%).

Prevalence of BC abnormalities
Thirty of 62 studies (48.4%) reported data on the prevalence of BC

abnormalities in patients with COVID-19 using CT (n ¼ 25), US (n ¼
1), or BIA (n ¼ 4) (Table 2). Of those studies, 23 identified patients
with low muscle mass, low FFM, low radiodensity, or low PhA [4,38,
40–42,47–64]. The prevalence of low muscle mass using different
cutoff values for CT-based SMI [54,65–69] ranged from 22.2% to
90.0% [4,40–42,47,50,51,53–58,61,63,64]. Additionally, 2 studies
estimated low muscle mass based on FFM measures and reported a
prevalence ranging between 1.7% and 84.4% [38,49]. Low muscle
radiodensity (based on HU by CT imaging) was reported in 9 studies,
with a prevalence ranging from 11.8% to 85.2% [4,51–53,55,56,60,62,
63]. Low PhA was reported in 3 studies, with a prevalence ranging
from 22.0% to 87.8% [48,49,59]. Furthermore, 8 studies identified
patients with abnormal AT using CT scans [6,20,53,56,62,70–72] and 2
with BIA [49,73]. Prevalence of high VAT ranged from 16.1% to
69.6% [20,56,70,71], 75.0% of COVID-19 patients had high SAT [56],
31.5% to 50.3% had high VAT:SAT ratio [53,62,72], 50.9% had high
percent FM (by BIA) [73], and 84.4% had FM adjusted by height
below the 15th data-driven percentile [49].

Body composition abnormalities and clinical outcomes

Mortality
The relationship between mortality and body composition abnor-

malities was investigated in 36 studies [4,37,40,42,43,46–48,50,53,54,
56–62,70,73–89] (Figure 3, Supplemental Table 4). Out of 24 of these
studies, 12 showed that skeletal muscle mass assessed by either CT [43,
47,50,56,61,77,78,80,86,88] or US [42,46] was negatively associated
with in-hospital mortality and 30-d mortality [4,40,42,43,46,47,50,53,
54,56–58,60,61,75,77,78,80,81,83,84,86–88]. Lower muscle radio-
density was also related to higher mortality rate in 6 [53,60,74,76,87,
88] of 13 studies [4,53,56,58,60,74,76,79–81,83,87,88]. Two studies
reporting muscle echo intensity using US found a positive association
with mortality [46,75]. Low PhA predicted mortality in 3 [48,59,89] of
4 studies [48,59,82,89].

Fifteen studies evaluated the relationships between AT depots and
mortality [37,47,53,56,58,62,70,73,74,76–79,85,86]. Higher VAT was
related to greater mortality rates in 4 [47,56,70,78] of 11 studies [47,53,
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56,58,62,70,74,77,78,85,86]. Positive relationships were also found
between IMATand mortality risk in 4 [62,76,79,86] of 5 studies [62,74,
76,79,86]. Nevertheless, 1 study found that patients with lower SAT
had higher mortality rates [53]. Hospitalized older adults who survived
COVID-19 also had greater SATand total AT (TAT) than nonsurvivors,
suggesting a protective effect of higher SAT and TAT [85]. Two studies
[37,73] found that BIA-estimated FM was positively related to mor-
tality. Findings for each adiposity compartment can be found in Sup-
plemental Figure 1.

Overall, a small number of studies showed that mortality measures
were positively related to muscle echo intensity assessed by US
and inversely with PhA; however, skeletal muscle mass and radiodensity
were inconsistently related to mortality. Greater mortality risk was
also found among patients with high IMAT in most studies, but the
relationships between VAT or SATwith mortality were mixed (Table 3).

ICU admission
The relationship between BC abnormalities and ICU admission in

patients with COVID-19 was evaluated in 24 studies [37,43,46,48–50,
52,55–57,71,73,78,80,84,87–95] (Figure 3, Supplemental Table 4).
Among 16 studies assessing muscle mass [37,43,46,49,50,55–57,78,
80,84,87–89,93,95], 4 using CT [43,50,55,88] and 1 using US [46]
found that low muscle mass was related to a greater likelihood of being
admitted to the ICU. Using BIA, FFM [49,89], ALST [37], LST, and
SMI [89] were unrelated to ICU admission in 3 of 4 studies [37,49,89,
93]. Lower muscle radiodensity was associated with greater ICU
admission in 3 [52,87,88] of 6 studies [52,55,56,80,87,88]. Only 1
study assessed muscle echo intensity and reported increases in this BC
measure during the first 7 d of ICU stay [46]. PhAwas lower in the ICU
group, or inversely correlated with ICU admission, in 2 [48,93] of 4
studies [48,49,89,93].

VATwas positively related to ICU admission in 6 studies [55,56,71,
90,92,94], whereas mixed results were found in 1 study [95]. SAT was
positively related [71], inversely related [90], or unrelated to ICU
admission [55,56,92]. Also using CT, positive associations were found
between ICU admission and IMAT [95], TAT [92,94], and pectoralis
muscle adjusted by waist circumference [91]. Three [37,49,89] of 4
studies [37,49,73,89] reported unrelated/mixed findings between
BIA-assessed FM and ICU admission. (Supplemental Figure 1).

Altogether, patients with COVID-19 who had high VATwere more
likely to be admitted to the ICU. However, inconsistent associations
were found between ICU admission and muscle mass or radiodensity,
PhA, SAT, TAT, and FM by BIA (Table 3).



TABLE 2
Body composition abnormalities in patients with COVID-19

Study Body
compartment
analyzed

Technique Prevalence of body
composition abnormalities

Cutoff values used to define abnormalities

Beltrao [47] Muscle mass CT Low SMA: 111 of 200 (55.5%) SMA: <92 cm2

Cornejo-Pareja [48] Muscle mass BIA SPhA quartiles (lowest to highest) Categorized SPhA into quartiles
Q1: 34 of 127 (26.8%) Q1: lower 25th percentile (<�2)
Q2: 31 of 127 (24.4%) Q2: 25th–50th percentile (�1.9 to �0.8)
Q3: 34 of 127 (26.8%) Q3: 50th to 75th percentile (�0.7 to 0.2)
Q4: 28 of 127 (22%) Q4: >75th percentile (�0.3)

Damanti [4] Muscle mass
and
radiodensity

CT Low SMI: 53 of 81 (65.4%) SMI: specific to each sex and vertebra level
according to Derstine et al. [66]

Low SMD: 69 of 81 (85.2%) Low SMD: specific to each vertebra level
according to Derstine et al. [66]

De Lorenzo [72] Adipose tissue CT (estimated %BF) Obese: 12 of 22 (54.5%) Defined using age- and sex-specific %BF
cutoffs [128]

Del Giorno [49] FFM
FM
Body cell mass

BIA At nutritional risk Defined malnourished when BIA parameters
were lower than the 15th percentile

Low PhA: 79 of 90 (87.8%) Low PhA: 4.3�

Low FFM: 76 of 90 (84.4%) Low FFM: 27.9 kg/m
Low FM: 76 of 90 (84.4%) Low FM: 6.2 kg/m

Erd€ol [50] Muscle mass CT Low SMI: 77 of 232 (33.2%) Low SMI: data-driven tertiles (specific cutoff
values not reported)

Favre [20] Adipose tissue CT High VAT: 64 of 165 (38.8%) High VAT: �128.5 cm2

Feng [51] Muscle mass
and
radiodensity

CT Low paraspinal muscle index:
Males: 32 of 63 (50.8%)
Females: 26 of 53 (49.1%)

Low paraspinal muscle index: defined using
gender-specific medians (values not
reported)

Low paraspinal SMD: Males: 32 of
63 (50.8%)
Females: 27 of 53 (50.9%)

Low paraspinal SMD: defined using gender-
specific medians (values not reported)

Giraudo [52] Muscle
radiodensity

CT Low SMD: 43 of 150 (28.7%) Low SMD: <30 HU

Goehlr [70] Adipose tissue CT High VAT: 263 of 378 (69.6%) High VAT: �100 cm2

Kang [53] Muscle mass
and adipose
tissue

CT Low SMI: 103 of 127 (81.1%) Low SMI at L2
<50 cm2/m2 for males; <39 cm2/m2 for
females

High VAT:SAT ratio: 40 of 127
(31.5%)

High VAT:SAT ratio: as a proxy of high
visceral adiposity
>1.33 for males; >0.71 for females

Low SMD: 15 of 127 (11.8%) Low SMD: as a proxy of myosteatosis
<32.7 HU for males; <28.9 for females

Kim [54] Muscle mass CT Low SMI: 29 of 121 (24%) SMI:
�24 cm2/m2 for males; �20 cm2/m2 for
females

Koehler [55] Muscle mass
and
radiodensity

CT Low SMI at L3: 83 of 162 (51.2%) Low SMI at L3:
<52.3 cm2/m2 for males; <38.6 cm2/m2 for
females (both BMI < 30 kg/m2)
54.3 cm2/m2 for males 46.6 cm2/m2 for
females (both BMI > 30 kg/m2)

Low SMD at L3: 105 of 162 (64.8%) Low SMD:
<32.5 HU for females; <35.5 HU for males

Kremer [42] Muscle mass US Low psoas muscle area index:
Males: 33 of 69 (47.8%)
Females: 20 of 44 (45.5%)

Low psoas muscle area index: Defined using
gender-specific median muscle indices from
reference cohort I (� median)
Males: 246.9 mm2/m2

Females: 224.1 mm2/m2

McGovern [56] Muscle mass
and
radiodensity

CT Low SMI: 39 of 63 (62%) Low SMI:
<43 cm2/m2 for males; <41 cm2/m2 for
females (both BMI < 25 kg/m2)
<53 cm2/m2 for males; SMI <41 cm2/m2 for
females (both BMI >25 kg/m2)

Low SMD: 51 of 63 (81%) Low SMD:
<41 HU for BMI < 25 kg/m2; <33 HU for
BMI � 25 kg/m2)

Adipose tissue High VAT: 42 of 63 (67%) VAT: males >160 cm2; females >80 cm2

High SAT: 47 of out 63 (75%) SAT: males >50.0 cm2/m2; females >42.0
cm2/m2)

(continued on next page)
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TABLE 2 (continued )

Study Body
compartment
analyzed

Technique Prevalence of body
composition abnormalities

Cutoff values used to define abnormalities

Menozzi [41] Muscle mass CT Low SMA: 41.5% (overall)
First wave: 88 of 155 (57.9%)
Second wave: 25 of 117 (21.6%)

Low SMA: <92.3 cm2 for males; <56.1 cm2

in females

Moctezuma-Vel�azquez [57] Muscle mass CT Low SMI: 115 of 519 (22.2%) Low SMI: <42.6 cm2/m2 for males; <30.6
cm2/m2 for females

Molwitz [58] Muscle mass CT Low SMI: Prado et al. [68]:
Male: 18 of 20 (90%)
Female: 6 of 12 (50%)
Martin et al. [67]:
Male: 17 of 20 (85%)
Female: 7 of 12 (58.3%)
Werf et al. [69]:
Male: 11 of 20 (55%)
Female: 3 of 12 (25%)

Low SMI: specific to each sex and vertebra
level according to Prado et al. [68], Martin
et al. [67], Werf et al. [69] cutoffs

Ogata [6] Adipose tissue CT VAT/TAT: Defined using data-driven tertiles
Lowest: 17 of 53 (32.1%) Lowest VAT/TAT: �48.9%
Middle: 18 of 53 (34.0%) Middle VAT/TAT: 49.0% to 66.1%
Highest: 18 of 53 (34.0%) Highest VAT/TAT: �66.2%

Osuna-Padilla [59] Muscle mass CT Low SPhA:
Nonsurvivors: 24 of 25 (96%)
Survivors: 29 of 42 (69%)

Low SPhA: < �1.65

Osuna-Padilla [40] Muscle mass CT Low SMI: 41 of 86 (48%) Low SMI:
�52.3 cm2/m2 for males; �38.6 cm2/m2 for
females (both BMI < 30 kg/m2)
�54.3 cm2/m2 for males; �46.6 cm2/m2 for
females (both BMI > 30 kg/m2)

Padilha [60] Muscle
radiodensity

CT Low SMD: 71 of 200 (35.5%) Low SMD:
<35.5 HU for males; <27.7 HU for females

Pediconi [71] Adipose tissue CT VAT-defined obesity: 40 of 62
(64.5%)

VAT-defined obesity: >130 cm2

VAT-defined overweight: 10 of 62
(16.1%)

VAT-defined overweight: 100–129 cm2

Stevanovic [73] FM BIA Very high %BF:50.9% Very high %BF:
Males: >25% for ages 20–39; >27.5% for
ages 40–59; >30% for ages �60
Females: >39.5% for ages 20–39; >40% for
ages 40–59; >41.5% for ages �60

Ufuk [61] Muscle mass CT Low pectoralis muscle index:
Males: 25 of 76 (32.9%)
Females: 19 of 54 (35.2%)

Low pectoralis muscle index: smallest tertile
of height-square adjusted pectoralis area
values for each sex

Watanabe [92] Adipose tissue CT N/R High VAT: defined using data-driven
quartiles

Wilkinson [38] Muscle mass BIA Low ALST:
ALST index: 8321 of 490,301 (1.7%)
ALST/BMI: 8293 of 490,301 (1.7%)
Either index: 9342 of 490,301
(1.9%)

Low ALST (defined using 2 distinct indices):
ALST index (ALST/height2): <7.26 kg/m2

for males and <5.45 kg/m2 for females [129]
ALST/BMI: <0.789 in males and <0.512 in
females [130]
High % BF: >25% in men and >35% in
women [131].
Sarcopenic obesity: defined as the presence
of obesity and low muscle mass (using both
ALST index and ALST/BMI definitions)

Yang [62] Muscle
radiodensity

CT Low SMD: 71 of 143 (49.7%) Low SMD: 32.7 HU in males and 28.9 HU in
females

Adipose tissue High VAT/SAT: 72 of 143 (50.3%) High VAT/SAT: median values of 1.33 for
males and 0.71 in females

Yi [63] Muscle mass CT Low SMI: 78 of 234 (33.3%) Low SMI: data-driven tertiles (specific cutoff
values not reported)

Low SDM: 77 of 234 (32.9%) Low SMD: data-driven tertiles (specific
cutoff values not reported)

Ying-Hao [64] Muscle mass CT Low pectoralis muscle index: 39 of
116 (33.6%)

Low pectoralis muscle index: 16.4 cm2/m2

for males and 13.8 cm2/m2 for females

ALST, appendicular lean soft tissue; HU, Hounsfield unit; L2, second lumbar vertebra; L3, third lumbar vertebra; N/R, not reported; PhA, phase angle; SAT,
subcutaneous adipose tissue; SMA, skeletal muscle area; SMD, skeletal muscle radiodensity; SMI, skeletal muscle index; SPhA, standardized phase angle; TAT,
total adipose tissue; VAT, visceral adipose tissue. Note: The study by Watanabe et al. [92] categorized patients into data-driven quartiles of VAT; however, the
authors did not specify the final number of patients in each group, so data could not be abstracted here.
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FIGURE 3. Associations between clinical outcomes and body composition abnormalities related to: A) muscle mass; B) muscle composition; C) adipose tissue,
in acute COVID-19 patients. Number of studies per variables is shown in parenthesis. Most variables were obtained from computed tomography images studies.
Ten studies used bioelectrical impedance analysis and only 4 used ultrasound. Some studies evaluated >1 body composition compartment, and therefore, data
presentation is reflected by that (that is, total number of studies reporting the relationship is higher than the absolute number of studies included in the review).
ICU, intensive care unit; IMAT, intra- and intermuscular adipose tissue; SAT, subcutaneous adipose tissue; TAT, total adipose tissue; US, ultrasound; VAT,
visceral adipose tissue; WC, waist circumference.
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Mechanical ventilation and disease severity
Thirty-seven studies investigated the relationship between BC

abnormalities and MV or severe COVID-19 [4,6,20,38–44,47,50,51,
54,57–64,74,78,81–83,85,87–89,92–94,96–98] (Figure 3, Supple-
mental Table 4). Twenty-one of these studies assessed muscle mass
using CT [4,40,41,43,47,50,51,54,57,58,61–64,78,81,83,87,88,97,98]
and 2 by US [42,44]. Low muscle mass by CT was inversely related
1296
to greater disease severity and/or need for intubation in 6 studies [47,
50,61,63,64,88], and unrelated/mixed findings were found in 15
studies [4,40,41,43,51,54,57,58,62,78,81,83,87,97,98]. US muscle
measurements showed conflicting or no relationships with these same
outcomes [42,44]. Using BIA, FFM [39] and ALST [38] were unre-
lated to severe COVID-19 in 2 studies. Lower muscle radiodensity
was related to a greater likelihood of severe illness, including the need
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for MV and/or greater disease severity in 5 studies [51,62,63,87,88],
and unrelated/mixed findings were found in 6 studies [4,58,60,81,83,
98]. In addition, 1 study showed that increased muscle radiodensity
was protective against MV or death (as a composite score) [74]. Low
PhA showed unrelated/mixed findings in relation to COVID-19
severity in 3 [59,82,89] of 4 studies [59,82,89,93]. In another study,
patients with low muscle mass had poor clinical outcome (greater
disease severity) during the first wave but not the second wave of
COVID-19 [41].

The relationships between adiposity measures and MV or disease
severity was evaluated in 14 studies [6,20,38,39,47,58,62,74,85,92–94,
96,98]. Seven studies found a positive association between these
clinical outcomes and VAT [20,47,74,85,92,94], IMAT [62,74], SAT
[85], and TAT [74,85,94]. Conflicting findings were reported between
AT (VAT, TAT, and SAT) and COVID-19 severity [6,20,58,62,92,96,
98]. FM by BIA was positively related to COVID-19 severity [38,39]
but inversely with complications [93] (Supplemental Figure 1).

Inconsistent findings were found for all reported body compart-
ments, with the exception of a small number of studies (2 studies) that
found positive associations between IMAT and MVor disease severity
(Table 3).
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Additional outcomes

Hospitalization and LOS
The relationships between BC abnormalities and hospitalization

outcomes in patients with COVID-19 was explored in 28 studies [4,37,
39,40,42–45,47–51,54,58–61,64,74,76,78,81,83,93,96,97,99]
(Figure 3, Supplemental Table 4). Seven studies found that muscle
mass assessed by CT [40,47,51,54,61,81,97] was inversely related to
hospitalization or LOS (hospital or ICU), from a total of 19 studies [4,
37,39,40,42,43,47,49–51,54,58,61,64,81,83,93,97,99]. Using BIA,
unrelated/mixed findings were shown for hospitalization in relation to
FFM [39,49,93], LST [93], ALST [37], or SMI [93] in 4 studies. Low
muscle radiodensity was evaluated in 9 studies [4,50,51,58,60,74,76,
81,83] and was associated with a greater likelihood of hospitalization
[74] and longer hospital or ICU LOS [50,51,60,81]; however, unre-
lated/mixed relationships were also found between muscle radiodensity
and LOS [4,58,76,83]. Moreover, a study assessing echo intensity
found no relationship with ICU stay [44]. PhAwas inversely related to
LOS in 2 [45,48] of 5 studies [45,48,49,59,93].

The relationship between hospitalization outcomes and adipose
tissue was explored in 10 studies [37,39,47,49,58,74,78,93,96,99].
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Higher hospitalization risk was associated with greater VAT in 4 studies
[47,74,96,99] and TAT and IMAT in 2 studies [74,99]. However,
unrelated/mixed findings (by CT) were found in 3 studies [58,78,96].
FM by BIA showed unrelated/mixed findings in relation to hospitali-
zation outcomes in 3 [39,49,93] of 4 studies [37,39,49,93] (Supple-
mental Figure 1).

Except for a small number of studies showing positive associations
between IMAT and hospitalization outcomes, inconsistent associations
were found between these outcomes and all BC measures.

Comorbidities/conditions
As a surrogate of obesity, BMI was positively associated with AT

measures (VAT, SAT, TAT, and IMAT) in 5 [56,70,74,90,94] of 6
studies [56,70,74,90,94,96] (Supplemental Table 4). Muscle mass was
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positively related to BMI in 2 studies [4,57], inversely related in 1
study [56], and unrelated in 4 studies [40,42,64,97]. Low muscle
radiodensity was related to hypertension, diabetes, and 2 or more
comorbidities in 1 study [60] but unrelated to the development of
pulmonary fibrosis in another study [51] or the presence of comor-
bidities (that is, hypertension, diabetes, cardiovascular disease, cere-
brovascular disease, chronic obstructive pulmonary disease, chronic
liver and kidney disease, and cancer) in a third study [62]. Most studies
reported mixed/unrelated findings for the relationship between muscle
mass and comorbidities [40,42,51,54,56,57,61,64]. Patients with
greater VAT and/or SAT had higher rates of diabetes [70], active cancer
[56], and renal failure and asthma [56]; 2 studies found mixed/unre-
lated associations with these or other comorbidities [62,70]. Overall,
high BMI was associated with higher AT, but mixed findings were



TABLE 3
Number and direction of associations between body composition abnormalities and clinical outcomes in acute COVID-19 (N ¼ 62 studies).

Main outcomes Assessment Direction of associations Summary of findings

Positive Inverse Unrelated/mixed

Mortality Skeletal muscle (by CT) — 11 14 Muscle mass was inversely associated with mortality in
13 of 29 (44.8%) instancesSkeletal muscle (by US) — 2 1

Compartments related to muscle
mass (by BIA)

— — 1

Muscle radiodensity (by CT) — 6 8 Muscle radiodensity was inversely associated with
mortality in 6 of 14 (42.9 %) instances

Muscle echo intensity (by US) 2 — — Muscle eco intensity was positively associated with
mortality in 2 of 2 (100%) instances

Phase angle (by BIA) — 3 1 Phase angle was inversely associated with mortality in 3
of 4 (75.0%) instances

FM (by BIA) 2 — — Adipose tissue and FM were positively associated with
mortality in 10 of 26 (38.5%) instancesAdipose tissue (that is, VAT,

SAT, TAT, IMAT by CT)
8 3 13

ICU admission Skeletal muscle (by CT) — 5 7 Muscle mass was inversely associated with ICU
admission in 6 of 17 (35.3%) instancesSkeletal muscle (by US) — 1 —

Compartments related to muscle
mass (by BIA)

1 — 3

Muscle radiodensity (by CT) — 3 3 Muscle radiodensity was inversely associated with ICU
admission in 3 of 6 (50.0%) instances

Muscle echo intensity (by US) 1 — — Muscle echo intensity positively associated with
mortality in 1 of 1 (100%) instance

Phase angle (by BIA) — 2 2 Phase angle was inversely associated with ICU admission
in 2 of 4 (50.0%) instances

FM (by BIA) 1 1 2 Adipose tissue and FM were positively associated with
ICU admission in 11 of 20 (55.0%) instancesAdipose tissue (that is, VAT,

SAT, TAT, IMAT by CT)
10 1 5

MV/degree of severity Skeletal muscle (by CT) — 7 18 Muscle mass was inversely associated with MV/severity
in 7 of 29 (24.1%) instancesSkeletal muscle (by US) — — 2

Compartments related to muscle
mass (by BIA)

— — 2

Muscle radiodensity (by CT) — 7 7 Muscle radiodensity was inversely associated with MV/
severity in 7 of 14 (50.0%) instances

Muscle echo intensity (by US) — — 1 Muscle eco intensity was unrelated/mixed associated with
MV/severity in 1 of 1 (100%) instance

Phase angle (by BIA) — 1 3 Phase angle was inversely associated with MV/severity in
1 of 4 (25.0%) instances

FM (by BIA) 2 1 — Adipose tissue and FM were positively associated with
MV/severity in 14 of 30 (46.7%) instancesAdipose tissue (that is, VAT,

SAT, TAT, IMAT by CT)
12 — 15

Hospitalization/LOS Skeletal muscle (by CT) — 8 11 Muscle mass was inversely associated with
hospitalization/LOS in 8 of 24 (33.3%) instancesSkeletal muscle (by US) — — 1

Compartments related to muscle
mass (by BIA)

— — 4

Muscle radiodensity (by CT) — 6 5 Muscle radiodensity was inversely associated with
hospitalization/LOS in 6 of 11 (54.5%) instances

Muscle echo intensity (by US) — — 1 Muscle echo intensity was unrelated/mixed associated
with hospitalization/LOS in 1 of 1 (100%) instance

Phase angle (by BIA) — 2 3 Phase angle was inversely associated with
hospitalization/LOS in 2 of 5 (40.0%) instances

FM (by BIA) 1 — 3 Adipose tissue and FM were positively associated with
hospitalization/LOS in 9 of 18 (50.0%) instancesAdipose tissue (that is, VAT,

SAT, TAT, IMAT by CT)
8 — 6

ICU, intensive care unit; IMAT, intra- and intermuscular adipose tissue; LOS, length of hospital stay; MV, mechanical ventilation; SAT, subcutaneous adipose
tissue; TAT, total adipose tissue; US, ultrasound; VAT, visceral adipose tissue. The ratio of waist circumference to paravertebral muscle circumference was
positively associated with ICU admission in one study [91], which was not included in the summary above due to this measurement significantly differing from
other included body composition measures.
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observed for the relationship between BC measures and other
comorbidities.

Hospital discharge and physical function
Low muscle mass was a predictor of delayed hospital discharge in 1

of 1 study [54] (Supplemental Table 4). Lower PhAwas associated with
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a lower swallowing recovery rate at hospital discharge in 1 of 1 study
[100]. Furthermore, patients with low muscle radiodensity had lower
Barthel index scores, indicating increased disability in 1 of 1 study
[52]. Regarding measures of physical function, only 1 study was found;
the study used handgrip strength and reported a 22.3% decrease in
strength between baseline and day 10 [44].
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Inflammatory biomarkers
The relationship between inflammation and BC measures was

evaluated in 16 studies [41,47,48,50–52,54,56,57,60,70,72–74,79,92]
(Supplemental Table 4). An inverse correlation was observed between
muscle mass and white blood cell or lymphocyte count in 2 of 2 studies
[54,57]. In contrast, 3 [51,56,57] of 5 studies [50,51,54,56,57] found
nonsignificant correlations between muscle mass and CRP concentra-
tions. Moreover, 3 [51,56,57] of 4 studies [50,51,56,57] found
nonsignificant correlations between albumin and muscle mass. Muscle
radiodensity was inversely correlated with CRP concentrations in 3
[50,52,74] of 6 studies [50–52,56,60,74], and positively with creatine
kinase [79], creatinine [60], and albumin [50,51]. CRP was positively
related to VAT in 3 studies [70,74,92] and TAT in 2 studies [74,92] but
unrelated to these or other AT/fat measurements (that is, IMAT, SAT,
and percentage of FM) in 6 studies [47,56,72–74,92]. Furthermore, 1
study compared COVID-19 patients with low muscle mass across the 2
pandemic waves [41]. Patients with low muscle mass in the first wave
had higher concentrations of CRP and lower albumin concentrations
than those in the second wave [41]. Overall mixed findings were
observed between diverse inflammatory biomarkers and measurements
of muscle mass, muscle radiodensity, and AT/FM.
FIGURE 4. Summary of findings of the associations related to abnormal body com
different body compartments (muscle and adipose tissue). Prevalence of body com
The same colors are used to show the positive and inverse associations betwee
outcomes (that is, mortality, length of hospital stay, mechanical ventilation/disea
shown for low muscle mass and its related compartments (for example, FFM, lean
tissue (yellow boxes), low phase angle (blue boxes), and high muscle echo intensi
tissue compartment. Remaining percentages in each box represent unrelated/m
evaluated >1 body composition compartment, and therefore, data presentation is
higher than the absolute number of studies included in the review). ED, emergenc
SAT, subcutaneous adipose tissue; US, ultrasound; VAT, visceral adipose tissue.
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Discussion

This systematic review integrated findings from 62 published
studies examining the prevalence and relationship between BC ab-
normalities and clinical outcomes among hospitalized patients with
COVID-19 between 2020 and 2022. Studies hereby included showed
that the prevalence of low muscle mass in individuals with COVID-19
was high (�90%). This exceeds the 69.1% prevalence of low muscle
mass in patients with metastatic cancer, for example [101]. The prev-
alence of high AT, particularly stored as VAT or SAT, was also high
(�75%). Regarding clinical outcomes, a small number of studies
showed that higher mortality risk was more consistently associated
with lower PhA, higher muscle echo intensity (reflective of myoes-
teatosis), and higher IMAT. Patients admitted to the ICU often pre-
sented with higher VAT. Furthermore, higher disease severity was
associated with higher IMAT in a few studies (Supplemental Figure 1).
Hospitalization outcomes showed inconsistent findings across all body
composition measurements in patients with COVID-19 (Figure 4).

BC abnormalities including low muscle mass or radiodensity or low
PhA were also associated with higher circulating concentrations of
inflammatory markers [41,47,48,50–52,54,56,57,60,72,79], in line
position and clinical outcomes in patients with COVID-19. Image represents
position abnormalities in each compartment is represented with a color box.
n body composition abnormalities and clinical outcomes across the 4 main
se severity, and ICU admission). Either positive or inverse associations are
soft tissue; red boxes), low muscle radiodensity (green boxes), high adipose

ty. Please refer to Supplemental Figure 1 for specific findings by each adipose
ixed findings or associations in the opposite direction. Some associations
reflected by that (that is, total number of studies reporting the relationship is
y department; HW, hospital ward; ICU, intensive care unit; PhA, phase angle;
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with previous literature [102,103]. Patients with COVID-19 and
elevated inflammatory biomarkers on admission presented with greater
disease severity [104]. Previous studies have shown that a long-lasting
high AT accumulation [105] and low muscle mass [106] may be related
to disease severity (Figure 1). Although our systematic review cannot
confirm this association, we showed a positive association between
VATand ICU admission. This is consistent with prior research showing
that individuals with high VAT are more susceptible to severe
SARS-CoV-2 infection due to greater ACE2 enzyme expression in
VAT [70].

Acute respiratory distress syndrome is a serious and relatively
common complication of COVID-19, and CT scans play a key role in
its diagnosis and follow-up [107]. Given the availability of these scans
in the medical records of patients with COVID-19, CT imaging has
been opportunistically used for BC assessment. Although the third
lumbar vertebra (L3) is the reference site for this purpose [108], this
landmark is not readily available in COVID-19 patients [109]. In this
review, only 13 of 45 studies evaluated BC abnormalities using a single
image at the L3 level. In the absence of abdominal CT scans, other
measurement sites (that is, fourth thoracic vertebra [T4], twelfth
thoracic vertebra, and second lumbar vertebra) have been explored in
other clinical conditions [110,111]. Similarly, our review shows that
different landmarks have also been used for body composition
assessment in COVID-19, ranging from the T4 to the fourth lumbar
vertebra. Notably, heterogeneous associations between measurement
sites and clinical outcomes were observed, with some studies reporting
significant associations at one vertebra level but not at another for the
same body compartment (Figure 3). For example, skeletal muscle
showed associations with mortality when assessed at L3 [56] but not at
T4 [81]. Interestingly, most studies using images at T4 only included
the pectoralis muscle, which has been previously shown to have a weak
correlation with total muscle CSA [112]. As such, the use of single
muscle approaches is not recommended [113].

Despite the inconsistencies across measurement sites, BC assessed
by CT images was more frequently associated with outcomes
compared with BIA (that is, more unrelated/mixed findings). This is
not surprising, as BIA provides indirect/estimated measures of BC
using predictive equations that are population-, equation-, and device-
specific [114,115]. Nonetheless, PhA is derived from the raw BIAvalue
and is considered a marker of muscle mass and composition. PhAwas
more consistently associated with mortality and ICU admission. As a
marker of cell membrane health and integrity, low PhA has been
associated with increased inflammation and oxidative stress [116],
which may impact COVID-19 pathogenesis and severity [117]. Thus,
PhA may be the most reliable BIA value to be used as a marker of
abnormal BC and predictor of adverse outcomes in clinical practice.
This measurement can also be adjusted for age and sex, known as
standardized PhA [48,59]. The clinical value of BIA for tracking
longitudinal changes in muscle mass (or its related compartments such
as FFM, ALST, LST, and SMI) in hospitalized patients with
COVID-19 remains to be established. No longitudinal studies were
included in our review. Interestingly, US-assessed muscle mass and
echo intensity were also associated with clinical outcomes in longitu-
dinal studies [42,46,75]. US is a convenient and emerging bedside
technique, especially suitable for BC assessment of critically ill pa-
tients, such as those with severe COVID-19 [118].

Additional findings revealed that VAT adjusted for TAT was a
stronger predictor of COVID-19 severity than BMI [6]. This supports
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the notion that AT distribution is a more accurate predictor of health
outcomes than BMI [5,119].

Although we included cohort studies with large sample sizes
[37–39,88], large longitudinal studies are needed to address the effects
of confounding factors (for example, age, sex, ethnicity, physical ac-
tivity, comorbidities, COVID-19 waves) on the relationship between
abnormal BC and COVID-19 outcomes. Notably, we did not stratify
our results based on the presence or absence of multivariate analyses,
and we were also unable to evaluate whether studies were appropriately
powered. Although the “comparability” criteria domain within our
scoring system showed that most studies (87.1%) controlled for
covariables, the number or type of variables was not explored. For
instance, age could be an important confounder because older adults
are more likely to develop severe COVID-19 and hence worse clinical
outcomes due to the high prevalence of multimorbidity [120] and
sarcopenia [106,121,122]. Studies that found significant associations
with a specific measure or within a group (for example, SMI, males) but
not with other measures or groups (for example, muscle CSA, females)
were classified as mixed. For practical reasons, this category was
counted as an unrelated finding category; however, this could bias the
analysis.

Methodological variability across studies precluded a formal meta-
analysis. A previous publication examined the pooled prevalence of
CT-assessed low muscle mass and the association between BC ab-
normalities with in-hospital mortality (n ¼ 6 studies) [36]. Although
we were unable to conduct a meta-analysis, our systematic approach
allowed the inclusion of a greater number of studies (n ¼ 62) and the
ability to explore relationships between BC assessed by different
techniques and several clinical outcomes. This is particularly relevant
as CT scans are not widely available for BC assessment, and BIA and
US have been increasingly used in the context of COVID-19 and in
clinical practice in general [123,124]. Another limitation is that the
prevalence of low muscle mass at baseline (that is, at the time of
COVID-19 diagnosis) could be related to comorbidities, poor nutri-
tion/low physical activity, and/or aging [125–127]. These variables
may per se impact disease severity or other outcomes. Additionally, we
were unable to explore potential relationships between longitudinal
changes in BC and clinical outcomes, as most studies reported only
baseline measurements (for example, at hospital admission). Finally,
we did not explore the prevalence and potential implications of
abnormal BC in COVID-19 long-term health outcomes, such as the
post-acute COVID-19 syndrome. Despite these inherent limitations,
our review is the first to integrate a large number of studies over
different COVID-19 waves as well as longitudinal changes in body
composition during hospitalization using different techniques.

In conclusion, our findings showed that abnormalities in BC are
prevalent in patients with acute COVID-19. Despite the limited number
of selected studies, evidence suggests that high muscle echo intensity
(reflective of myoesteatosis) and low PhA were associated with mor-
tality. High IMAT and VAT were consistently associated with higher
mortality and ICU admission, respectively. Inconsistent associations
were found between other AT compartments and clinical outcomes. In
contrast, lowmusclemass and low radiodensity showed unrelated/mixed
findings across all clinical outcomes. Heterogeneity of included studies
and conflicting findings preclude definitive conclusions regarding the
clinical significance of abnormal BC of these patients. BC assessment
should be further explored as a potential prognostic tool with COVID-
19, regardless of the patient’s BMI, disease severity, and age.
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