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Background and Aims: Early identification of cancer-related muscle loss is essential to enable timely
interventions and mitigate adverse outcomes, including mortality. This scoping review aimed to identify
routinely assessed clinical measures associated with low muscle mass or muscle loss to inform future
global screening and assessment.

Iég{l‘g:rrds' Methods: Medline Complete, CINAHL Complete and Embase databases were screened from January
Low muscle mass 2000 to October 2024. Eligible studies investigated factors associated with cancer-related muscle loss,
Sarcopenia included adults undergoing or previously treated for cancer, and assessed or estimated muscle mass.

Scoping review Results: The search identified 22,270 studies, of which 292 were included. Most involved patients with

upper and/or lower gastrointestinal cancers (50 %), undergoing surgery (44 %) or chemotherapy (27 %).
Two-thirds (65 %) assessed muscle mass using computed tomography (CT) at the third lumbar vertebra.
Other methods included CT-defined muscle mass of single muscles (e.g., psoas) (15 %), bioelectrical
impedance analysis or spectroscopy (12 %), dual-energy x-ray absorptiometry (DXA) (7 %) or other (3 %).
As the benchmark for muscle mass assessment in oncology, results focused on CT-defined muscle mass,
with comparison to other methods. Twenty factors were identified. Thirteen showed a consistent as-
sociation in unadjusted and/or adjusted analysis: age, body mass index (BMI), performance status,
muscle strength, physical function, arm and leg circumference, body weight, body fat, weight loss, fa-
tigue, energy or protein intake, and physical inactivity.

Abbreviations: ASA, American Society of Anaesthesiologists; BIA, Bioelectrical impedance analysis; BIS, Bioelectrical impedance spectroscopy; BMI, Body mass index; CT,
Computed tomography; DXA, Dual-energy x-ray absorptiometry; ECOG, Eastern Cooperative Oncology Group; EORTC-QLQ, European Organisation for Research and
Treatment of Cancer Quality of Life Questionnaire; FACIT, Functional Assessment of Chronic Illness Therapy; GI, Gastrointestinal; GLIM, Global Leadership Initiative for
Malnutrition; HGS, Handgrip strength; KPS, Karnofsky Performance Status; MRI, Magnetic resonance imaging; PG-SGA, Patient Generated Subjective Global Assessment;
PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-analysis; REDCap, Research Electronic Data Capture; SF-8 and SF-36, 8-item and 36-item short form;
SMA, Skeletal muscle area; SMI, Skeletal muscle index; SPPB, Short physical performance battery; STS, Sit-to-stand; SWiM, Synthesis Without Meta-Analysis; TUG, Timed-
up-and-go; WHO, World Health Organisation.
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Conclusions: This review identified 13 factors consistently associated with CT-defined muscle loss which
may help identify patients with cancer who are at risk and require further assessment and timely
referral for evidence-based nutrition and exercise interventions.

© 2025 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).

1. Introduction

Cancer is a leading cause of morbidity and mortality, with
global burden steadily increasing [1]. The number of new cancer
cases is projected to rise from 9.1 million in 2020 to 28.4 million by
2024 [1]. Early detection and novel cancer treatments are
improving cancer outcomes, including survival [2]; however, pa-
tients continue to experience burdensome side effects during and
after treatment. Cancer-related muscle loss is a complex and
multifaceted condition, influenced by factors such as advancing
age and the effects of cancer treatment [3]. Suboptimal dietary
intake and physical inactivity, commonly due to disease or
treatment-related side effects, can also contribute to muscle loss
[4-6].

Muscle loss affects between 30 % and 50 % of people with
cancer and is associated with reduced treatment tolerance, infec-
tious and non-infectious complications, extended hospitalisation,
and up to a two-times increased risk of mortality [7-12]. Notably,
cancer-related muscle loss can occur up to 24-times faster than the
typical age-related decline, which averages 1-2 % per year after the
age of 40 [13,14]. Unlike cancer cachexia, an irreversible metabolic
condition associated with ongoing muscle loss with or without fat
loss [15], cancer-related muscle loss can be managed using life-
style interventions when identified early [5,16,17]. Early identifi-
cation of these patients is essential to facilitate timely
interventions and mitigate the impact of adverse outcomes [18,19].

Cancer-related muscle loss is under-recognised and under-
treated [20]. Whilst selected national cancer associations recom-
mend screening all patients for muscle loss [16,21], a lack of fit-for-
purpose screening tools limits effective identification of those at
risk for cancer-related muscle loss, as existing tools are primarily
designed to detect age-related sarcopenia [22]. The Global Lead-
ership Initiative for Malnutrition (GLIM) consortium identified low
muscle mass as a key criterion of malnutrition [20,23,24]; how-
ever, malnutrition screening tools are not designed to detect it and
may miss at-risk patients [25]. These limitations highlight the
need for an evidence-based screening tool specifically for muscle
loss in the oncology setting.

As low muscle mass is more prevalent in patients with several
cancer diagnoses and advanced-stage disease [26,27]; screening
tools must be applicable to all patients. The first critical step to-
ward universal screening strategies is to comprehensively identify
and understand demographic and clinical factors associated with
cancer-related muscle loss, whether these are contributing causes
or consequences. A clear understanding of these factors can guide
the triaging of patients into appropriate diagnostic and treatment
pathways. This scoping review aims to identify factors associated
with muscle loss in adults with cancer, focusing on those that are
routinely assessable within clinical oncology and applicable to all
patients, to inform future screening and assessment tools.

2. Methods

This scoping review was conducted and reported in accordance
with the PRISMA (Preferred Reporting Items for Systematic Re-
views and Meta-analysis) extension for scoping reviews [28] and

prospectively registered with Open Science Framework (https://
osf.io/yph2e). In line with the aims of this review, a scoping re-
view was utilised as the preferred review methodology to gain a
broad overview of existing literature on factors associated with
cancer-related muscle loss, establishing the scope and gaps in
current knowledge [29].

2.1. Search strategy and literature search

A systematic literature search was conducted within the
following databases from 1st January 2000 to 31st October 2024:
MEDLINE Complete, CINAHL Complete and Embase. The search
strategy was developed through collaboration with all authors and
with the assistance of a medical librarian. The literature search
was confined to study titles and abstracts, with ‘cancer’ and
‘muscle mass’ as key concepts. Key search terms and indexed
subject headings were both included. The search was limited to
full text articles, published in English from 2000 to reflect modern
cancer treatment modalities and muscle assessment techniques.
Grey literature and trial registries were not included. The complete
search strategies from each database are presented in
Supplementary Table 1.

2.2. Eligibility criteria

Studies were eligible for inclusion if they examined factors
associated with low muscle mass or muscle loss and met the
following criteria: i) included adults diagnosed with any cancer
who were undergoing or had previously received any cancer
treatment, and ii) assessed or estimated muscle mass (including
lean mass, fat free mass, muscle cross-sectional area, muscle size,
and skeletal muscle mass) using computed tomography (CT), dual-
energy x-ray absorptiometry (DXA), magnetic resonance imaging
(MRI), ultrasound, bioimpedance spectroscopy (BIS) or analysis
(BIA), anthropometrical techniques, or muscle mass prediction
equations.

Studies were excluded if they: i) did not exclusively include
people with cancer; ii) were qualitative, reviews, conference ab-
stracts, letters to the editor or trial protocols, or iii) only examined
biomarkers (e.g. C-reactive protein), genetic markers, physiolog-
ical outcomes (e.g. forced expiratory volume), cellular function,
cancer diagnosis, cancer stage or cancer treatment as potential
factors associated with muscle mass. The latter criterion ensured
that only factors feasible to convert into screening tool questions
and applicable across all cancer diagnoses and treatment modal-
ities were considered. Studies comparing anthropometrical mea-
sures of muscle mass (e.g. calf circumference) with objective
measures (e.g. CT) were included, as anthropometrical data can
potentially be converted into questions regarding visible changes
in muscle size.

2.3. Selection of sources of evidence

Initially, title text mining was completed to remove ineligible
articles using key exclusions terms (e.g., ‘cell culture’) by one
author. Titles and abstracts were independently screened in
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duplicate by four authors (ARC, NK, BJB, LA) using a standardised
approach in Covidence systematic review software (Veritas Health
Innovation, Melbourne, Australia). Full text review was completed
independently in duplicate against the eligibility criteria by three
authors (ARC, NK, BJB). Conflicts were resolved through discussion
until consensus was reached.

2.4. Data charting process

The data chart was developed, piloted and refined by four
authors (ARC, NK, CP, RMD) using Research Electronic Data Cap-
ture (REDCap) software. The data chart captured the following
information: i) citation, ii) year and country of publication, iii)
study design, iv) study population (age, sex) and sample size, v)
cancer diagnosis, stage and treatment modality, vi) muscle mass
assessment method and timing of assessment, vii) outcomes (low
muscle mass or loss of muscle mass), viii) predictors or de-
terminants of low muscle mass or muscle loss and, iv) study re-
sults. Data charting was completed by one author (ARC) and a
research assistant. Throughout data charting, ARC and the
research assistant met regularly with a third author (NK) to re-
view and validate data extraction and discuss any emerging is-
sues, with 50 % of data checked for accuracy by a second author
(NK, ARC).

2.5. Synthesis of results

A narrative synthesis was conducted using the SWiM (Syn-
thesis Without Meta-Analysis) guidelines [30] to summarise study
findings. The total number of studies and most prevalent cancer
and treatment types are reported for each factor. Many included
studies were not primarily designed to assess associations with
muscle loss or low muscle mass, resulting in limited statistical
power to detect associations. Therefore, the direction and magni-
tude of these associations are reported for each factor regardless of
statistical significance to assess the consistency of associations
across studies. Results from unadjusted and/or adjusted analyses
are presented collectively, in addition to highlighting results from
adjusted analyses alone.

CT serves as a benchmark for estimating muscle mass in
oncology populations [20]. Therefore, for the purpose of results
synthesis, we have aggregated studies reporting associations with
SMI and SMA, defined herein as CT-defined muscle mass. Results of
studies utilising alternative muscle mass assessment techniques,
such as DXA, BIS, BIA, ultrasound or anthropometry, have been
reported briefly for each factor, highlighting where findings are
similar or different to those for CT.

Predictors were considered consistently associated with mus-
cle mass when at least 75 % of studies using CT found an associ-
ation in the same direction and, where available, the same
direction of association was found in most studies that adjusted for
confounding factors. Where there were only a small number of
studies using CT, an association was deemed consistent if it was in
the same direction in at least 75 % of studies regardless of muscle
mass assessment technique.

3. Results

A total of 22,270 records were identified from three electronic
databases, of which 7892 duplicates were removed. A further 2759
records were removed after title text mining. Subsequently, 14,378
titles and abstracts were screened and after exclusions 540 pub-
lications were assessed for eligibility. In total, 292 publications met
the inclusion criteria and were included in this review (Fig. 1).
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3.1. Overview of included studies and predictors of low muscle
mass

Table 1 describes the characteristics of the 292 included
studies. An overview of individual studies, including relevant
findings and effect sizes, is presented in Supplementary Table 2.
Studies were conducted across 35 countries, predominately Japan
(21 %), United States of America (12 %), and China (12 %). Publi-
cations on this topic have increased over time, with no studies
published before 2008, and 53 % of studies published since 2021.

In total, 92,033 participants were included, median number of
participants was 146 (range: 18-8247). Mean age of participants
ranged from 18 to 80 years (median 40-84 years). Upper (30 %) or
lower (21 %) gastrointestinal cancers were most common, fol-
lowed by lung (13 %) and head and neck cancers (11 %). Surgery
(with or without other treatments) was the most common cancer
treatment (44 %).

Heat maps illustrating the potential factors associated with
cancer-related muscle loss examined in the included studies are
presented, stratified by cancer diagnosis (Fig. 2a) and treatment
modality (Fig. 2b). Age (78 %) and body mass index (BMI) (68 %)
were the most commonly investigated factors. Most studies
investigated multiple factors.

3.2. Age

Age was explored as a predictor of cancer-related muscle loss in
226 (77 %) studies (n = 66,243 participants, range n = 18-3262)
including various cancer diagnosis (49 % upper and/or lower
gastrointestinal) and treatment modalities (52 % surgery with or
without other treatments).

3.2.1. CT-defined low muscle mass

One-hundred and fifty studies examined associations with low
muscle mass or muscle loss using unadjusted and/or adjusted
methods. Of these, 120 (80 %) studies found older age was asso-
ciated with low muscle mass and muscle loss and the majority
(n = 85 studies; 71 %) of associations were statistically significant.
Sixty-seven studies found age was 1-14 years higher in patients
with low compared to normal muscle mass [9,31-96]. Four studies
found SMI was 2-4 cm?/m? lower in older adults (>60 years)
[97-100]. In 12 studies, prevalence of older age (>60 years) was up
to 35 % higher in patients with low muscle mass [101-112]. One
study found a 23 % higher prevalence of low muscle mass in older
adults (>60 years) ([113]). Eleven studies reported older age was
associated with lower muscle mass (f = —-0.1 to p = —0.3)
[114-124]. In 16 studies, older age was associated with higher odds
of low muscle mass (OR: 1.1-4.0) [ 125-140]. Nine studies reported
a weak to moderate negative correlation (r = —0.1 to —0.5) be-
tween age and muscle mass [141-149]. Conversely, six studies
found older age was associated with higher muscle mass, of which
one was statistically significant. Four found age was marginally
higher (1-3 years) in patients with normal muscle mass [150-153].
One found lower odds (OR: 0.81) of >10 % reduction in muscle
mass for people older than 75 years (compared to younger adults)
[154], while another study found a moderate positive correlation
(r = 0.4) between age and muscle mass [155]. A further 24 studies
found no association between age and muscle mass [156-178].
Overall, 21 of 150 studies adjusted for potential confounders, of
which 18 found older age was associated with low muscle mass,
whilst three found no association (i.e., OR = ~1).

3.2.2. Other muscle mass assessment (or estimation) methods
Seventy-six studies examined associations between age and
CT-defined psoas, paravertebral or erector spinae muscles
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Identification of studies via databases and registers

Studies included in review
(n =292)
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Wrong study design (n = 11)
Not cancer (n = 10)
No full text (abstract only) (n = 2)
Paediatric population (n = 2)
v No relevant results (n = 3)

Fig. 1. PRISMA flow diagram.

[179-218], BIA [219-240], DXA [217,241-249] MRI [250,251], ul-
trasound [252], or prediction equation [253]. Similar to CT-defined
muscle mass, there was a consistent negative association between
older age and muscle mass.

Overall, there was a consistent association between older age
and lower muscle mass, regardless of muscle mass assessment
methods utilised.

3.3. Body mass index

BMI was explored as a predictor of cancer-related muscle loss
in 197 (67 %) studies (n = 58,755 participants; range: n = 18-3051),
including various cancer diagnoses (48 % upper and/or lower
gastrointestinal; 14 % lung) and treatment modalities (51 % surgery
with or without other treatments). Whilst there was variation,
most studies which categorised BMI used commonly observed cut
points (e.g., 18.5-24.9 kg/m?: normal weight).

3.3.1. CT-defined low muscle mass

One-hundred and forty-two studies examined associations
with low muscle mass or muscle loss using unadjusted and/or
adjusted methods. Of these, 124 (87 %) studies found lower BMI
was associated with lower muscle mass and the majority (n = 109
studies; 77 %) were statistically significant associations. Sixty-five
studies found BMI was 0.9-8.8 kg/m? lower in patients with low
compared to normal muscle mass [9,31,32,36-38,41,42,44,46,

47,50,51,55-63,65-69,71,73-76,79-82,86,88-91,93,94,96,118,129,
147,150,152,153,156,157,160,163,167,170,172-175,177,178,254-256].
Two studies found SMI was 2.3-15.1 cm?/m? lower in patients with
low BMI compared to higher BMI [97,171]. Higher BMI was asso-
ciated with higher muscle mass in six studies (f = 0.5 to p = 0.9)
[100,114,116,120,121,124]. In 18 studies weak to strong (r = 0.1 to
r = 0.7) positive correlations between BMI and muscle mass were
reported [141,142,166,168,257,258] [54,78,144,145,148,149,259-
264]. In 14 studies, higher BMI was associated with lower odds
(OR: 0.9-0.5) of low muscle mass [40,53,84,
95,126-128,130,131,134,135,137,139,164]. In three studies, lower
BMI was associated with up to 16-times higher odds of low muscle
mass [85,132,138]. In 16 studies, prevalence of lower BMI (below
various thresholds) was higher in patients with low compared to
normal muscle mass [34,43,52,87,101-103,105-107,109,110,113,125,
146,265,266]. Conversely, 12 (8 %) studies found higher BMI was
associated with cancer-related muscle loss, of which four were
statistically significant. Four studies found BMI was up to 3 kg/m?
higher in patients with low muscle mass compared to normal
muscle mass [64,70,169,267]. Eight found higher BMI was associ-
ated with greater muscle loss or odds of muscle loss during- and
after treatment [48,83,119,136,154,155,165,268] Six (4 %) studies
found no association between BMI and muscle mass
[33,107,115,140,162,251]. Overall, of the 13 of 142 studies which
adjusted for potential confounders, all found lower BMI was
associated with lower muscle mass.
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Table 1
Characteristics of included studies (n = 292).

Characteristic

No. of studies (%)

Participants

Cancer type®
Upper gastrointestinal 86 (29.5)
Lower gastrointestinal 61 (20.9)
Lung 38 (13.0)
Head and neck 31(10.6)
Genitourinary 22(7.5)
Haematological 9(3.1)
Reproductive 9(3.1)
Breast 7(2.4)
Bone and soft tissue 4(1.4)
Thyroid and endocrine 3(1.0)
Skin 1(0.3)
Mixed 30(10.3)
Not reported 2(0.7)

Treatment type*®
Surgery 128 (43.8)
Chemotherapy 80 (27.4)
Radiotherapy 32(11.0)
Palliative care 13 (4.5)
Immunotherapy 7(24)
Targeted therapy 4(1.4)
Stem cell transplant 4(1.4)
Hormone therapy 3(1.0)
Mixed 48 (16.4)

Not reported 26 (8.9)

Study details

Country of publication”
Japan 62 (21.2)
United States Of America 36 (12.3)
China 34(11.6)
South Korea 23(7.9)
The Netherlands 15 (5.1)
Italy 13 (4.5)
Canada 12 (4.1)
Germany 10 (3.4)
Turkey 9(3.1)
Taiwan 9(3.1)
Brazil 8(2.7)
United Kingdom 7(2.4)
France 7(2.4)
Australia 7(24)
Other 40 (13.7)
Not reported 1(0.3)

Total number of participants in included studies: 92,033.

¢ Multiple cancer diagnoses and treatment modalities were reported
within single studies, therefore total numbers do not equal 292 studies or
100 %. Studies including >2 cancer diagnosis or treatment modalities are
reported as ‘mixed’.

b Other countries of publication include Argentina (n = 1), Croatia (n = 1),
Egypt (n = 1), Finland (n = 1), Greece (n = 1), Ireland (n = 1), Israel (n = 1),
Multinational (n = 1), New Zealand (n = 1), Poland (n = 1), Romania (n = 1),
Slovenia, (n = 1), South Africa (n = 1), Sweden (n = 1), Austria (n = 2),
Switzerland (n = 2), Thailand (n = 2), India (n = 3), Norway (n = 3), Mexico
(n = 4), Spain (n = 4), Denmark (n = 5).

),
1

3.3.2. Other muscle mass assessment (or estimation) methods

A further 55 studies examined associations with CT-defined
psoas, paravertebral or erector spinae muscles
[179-186,190,191,193-195,197-199,201-205,207-217,269], BIA
[220,221,223,224,226,228,229,231-237,240], DXA [217,243-247]
or internal obturator muscle as visualised on MRI [250]. Similar to
findings for CT-defined muscle mass, there was a consistent
negative association between BMI and muscle mass.

Overall, lower BMI was consistently associated with lower
muscle mass. However, there is also evidence that some patients
with a higher BMI may be at risk of losing greater quantities of
muscle mass during and after the treatment period.

Clinical Nutrition 56 (2026) 1-22
3.4. Comorbidities

Comorbidities were examined as predictors of cancer-related
low muscle mass or muscle loss in 90 (31 %) studies (n = 41,573
participants, range n = 36-8247) including various cancer types
(52 % upper and/or lower gastrointestinal; 16 % lung) and treat-
ment modalities (61 % surgery with or without other treatments).
Comorbidity indices, such as Charlson Comorbidities Index (CCI) or
Adult Comorbidity Evaluation 27 (ACE-27), and individual
comorbidities such as, diabetes, hypertension, cardiovascular,
respiratory, renal, hepatologic, gastrointestinal were examined.
Most studies reported more than one comorbidity, as such each
individual association between a comorbidity and muscle mass is
reported as a ‘case’.

3.4.1. CT-defined low muscle mass

Sixty-three studies examined associations between comorbid-
ities and low muscle mass or muscle loss using unadjusted and/or
adjusted methods. Comorbidity indices, total number of comor-
bidities, or reported presence of comorbidities were examined in
38 studies. Twenty-one (55 %) found a greater number of comor-
bidities or simply the presence of comorbidities was associated
with lower muscle mass of which six were statistically significant
[36,41,44,45,60,65,66,69,84,87,92,95,96,107,116,127,132,137,143,
152,166]. Conversely, in 14 (37 %) a higher number or the presence
of comorbidities were associated with higher muscle mass but
only one was statistically significant [9,59,68,81,94,106,
120,121,133,149,158,163,170,172]. Three (8 %) found no association
[131,156,270].

Individual comorbidities were examined in 34 studies
[37,46,47,60,63-65,70,81,85,89,91,93,100,106,114,118,125-127,130,
134,136,141,152,158,163,167-170,173,178]  including  diabetes
(n = 32), hypertension (n = 12), cardiovascular (n = 12), respira-
tory (n = 10), renal (n = 4), hepatologic (n = 3) and gastrointestinal
(n = 2). Comorbidities were associations with muscle loss in
approximately half of these studies including diabetes (n = 16;
50 %), hypertension (n = 5; 42 %), cardiovascular (n = 6; 50 %),
respiratory (n = 5; 50 %), and gastrointestinal (n = 1; 50 %), of
which four were significant associations. In the remaining studies,
diabetes (n = 14; 44 %), hypertension (n = 7; 58 %), cardiovascular
(n = 3; 25 %), respiratory (n = 5; 50 %), renal (n = 2; 50 %), hep-
atologic (n = 2; 67 %), and gastrointestinal (n = 1; 50 %) comor-
bidities were associated with higher muscle mass, of which four
associations were statistically significant. Diabetes (n = 2; 6 %),
cardiovascular (n = 3; 25 %), renal (n = 2; 50 %), hepatologic (n = 1;
33 %) comorbidities were not associated with muscle mass in eight
cases. Overall, six of the 63 studies adjusted for potential con-
founding [81,114,116,133,136,137]. Two found comorbidities (CCI or
diabetes) were associated with higher odds (up to OR: 4.0) of low
muscle mass [136,137]. One found the presence of any comorbidity
was associated with lower muscle mass (p = —0.33). Two found
comorbidities were associated with lower odds of low muscle
mass (up to OR: 0.6) [81,133]. One found comorbidities (hyper-
tension or cardiovascular) were associated with higher muscle
mass (coef: 0.11 to 1.29) [114].

3.4.2. Other muscle mass assessment (or estimation) methods

A further 27 studies examined associations using CT-defined
low psoas or erector spinae muscle index
[179,180,183-186,194,195,197,198,202-205,212,213,217], BIA
[219,221,226,233,237,238,271,272], DXA [246] or prediction equa-
tion using mid-upper arm circumference [253]. Similar to CT-
defined low muscle mass, the direction of associations was
inconsistent.
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Fig. 2. Heat maps showing the distribution (number) of published studies examining predictors of low muscle mass or muscle loss by (A) cancer diagnosis and (B) treatment
modality. Abbreviations: BMI, body mass index; GI, gastrointestinal. Note: Multiple cancer diagnoses, and treatment modalities were reported within single studies, therefore total
numbers do not equal 292 studies or 100 %. Studies including >2 cancer diagnosis or treatment modalities were included under the ‘mixed cancer types’ (A) or ‘mixed treatment types’ (B)
column, whilst studies including <2 cancer diagnosis or treatment modalities were reported separately.

Overall, there was no consistent association between comor-
bidity indices or the presence of individual comorbidities and
muscle mass. No single comorbidities appeared to be more
consistently associated with muscle mass than others. However,
few studies (~10 %) adjusted for potential confounders, such as
body weight or medication, which may influence associations
between comorbidities and body composition.

3.5. Smoking history

Smoking history was explored as a predictor of cancer-related
low muscle mass or muscle loss in 66 (23 %) studies (n = 25,374;
range: n = 48-3262) including various cancer diagnoses (27 %
upper and/or lower gastrointestinal; 24 % respiratory; 21 % head
and neck) and treatment modalities (50 % surgery with or without
other treatments). Most studies defined smoking history as cur-
rent, previous and/or never cigarette smoked. Where applicable,
previous and never smoked were combined for comparison to
currently smoking.

3.5.1. CT-defined low muscle mass

Forty-three studies examined associations between smoking
and low muscle mass or muscle loss. Of these, 22 (51 %) studies
found smoking was associated with muscle mass of which five
were statistically significant. Seventeen reported a higher preva-
lence of smoking (2.4-17.4 %) in patients with low compared to
normal muscle mass [9,35,38,50,66,68,74,76,79,81,
86,91,110,131,141,175,178]. Three found smoking history was asso-
ciated with higher odds (OR: 1.14-2.00) of having low muscle mass
[95,132,133]. In two studies, smoking was associated with lower
muscle mass compared to not smoking (fp = —1.20 to g = —2.74)
[115,116]. In contrast, 15 (35 %) studies found smoking was asso-
ciated with normal muscle mass, one was statistically significant.
Ten found prevalence of smoking was 2-33 % higher in patients
with normal compared to low muscle mass
[56,83,84,94,106,126,139,168,172,256]. Three found smoking was

associated with lower odds (OR: 0.6-0.2) of muscle loss
[87,124,156]. One found muscle mass was 1.4 cm/m? higher in
those who smoke compared to those who don't [158]. One found
muscle mass was lower in patients who never smoked compared
to those currently smoking (p = —3.9) [122]. A further six (14 %)
studies found no apparent associations between smoking history
and low muscle mass [78,89,137,143,149,173]. Overall, two of 43
studies adjusted for potential confounders. One found people who
smoke lost more muscle mass compared to those who don't smoke
[115], whilst the other found smoking was associated with lower
odds of muscle loss [87].

3.5.2. Other muscle mass assessment (or estimation) methods

A further 23 studies examined associations using psoas or
individual muscle area [179-181,183,186,190,
195,197,204,213-217], BIA [221,226,237,238], DXA [217,244-246],
or prediction equation using mid-upper arm circumference
[253]. Similar to the findings for low muscle mass, the direction
of the relationship between smoking history and muscle mass
was inconsistent.

Overall, the association between smoking history and muscle
mass was inconsistent with few studies reporting statistically
significant associations.

3.6. Alcohol intake

Alcohol intake was explored as a predictor of cancer-related
low muscle mass or muscle loss in 28 (10 %) studies (n = 12,493
participants, range: n = 57-3262), including various cancer types
(36 % head and neck; 39 % upper gastrointestinal) and predomi-
nately treated with surgery (68 %) with or without other treatment
modalities. Although the methods used to assess alcohol varied,
the majority of studies defined alcohol intake as ‘current’ or ‘pre-
vious’ alcohol consumption.
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3.6.1. CT-defined low muscle mass

Eighteen studies examined associations with low muscle mass
or muscle loss using unadjusted and/or adjusted methods. Of
these, five (28 %) studies found higher alcohol intake was associ-
ated with muscle loss, of which two were statistically significant.
Three found prevalence of alcohol intake was 15-18 % higher in
those with low muscle mass compared to those with normal
muscle mass [31,32,38,56]. Two found alcohol intake was associ-
ated with higher odds (OR: 1.7 and 4.1) of low muscle mass
[132,141]. Conversely, nine (50 %) studies found higher alcohol
intake was associated with normal muscle mass; none were sta-
tistically significant. Six found the prevalence of alcohol intake was
1-12 % higher in patients with normal muscle mass compared to
those with low muscle mass [50,74,84,86,87,256]. In three, alcohol
intake was associated with lower odds (OR: 0.8-0.6) of having low
muscle mass [124,126,149]. Additionally, three (17 %) studies found
no association between alcohol intake and muscle mass (odds
ratio ~1.0 and difference in prevalence between groups of 0.3 %)
[91,95,133], and results were not interpretable in one study [158].
Overall, two of 18 studies [126,133] adjusted for potential con-
founders. One found alcohol intake was associated with lower
odds (OR:0.6) of low muscle mass [126], the other found no as-
sociation [133].

3.6.2. Other muscle mass assessment (or estimation) methods

A further ten studies examined associations using CT-defined
psoas muscle index [179,183,204], DXA [217,244-246], BIA
[237,238] or prediction equation using mid-upper arm circum-
ference [253]. The direction of the associations was mixed.

Overall, there was no clear association between alcohol intake
and muscle mass. However, the definition of ‘alcohol intake’ (i.e.,
‘heavy/high risk drinking, regular alcohol use) varied across
studies making interpretation of the findings difficult.

3.7. Performance status

Performance status was explored as a predictor of cancer-
related low muscle mass or muscle loss in 87 (30 %) studies
(n = 25,340 participants, range: n = 18-2705). Studies included
various cancer types (28 % upper gastrointestinal; 23 % lung) and
treatment modalities (42 % surgery; 24 % chemotherapy with or
without other treatments). Performance status was estimated
using various assessment tools, most commonly Eastern Cooper-
ative Oncology Group (ECOG) and American Society of Anaes-
thesiologists (ASA). Karnofsky Performance Status (KPS), World
Health Organisation (WHO) or Patient Generated Subjective
Global Assessment (PG-SGA) were utilised less frequently.

3.7.1. CT-defined low muscle mass

Sixty-four studies examined unadjusted and/or adjusted asso-
ciations with low muscle mass or muscle loss. Of these, 42 (66 %)
studies found lower performance status was associated with
muscle mass, of which 12 were statistically significant. Thirty-four
found prevalence of low performance status was between 2 and
33 % higher in those with low muscle mass and muscle loss
compared to normal muscle mass [9,46,48,50,52,58,60,64,
66-68,76,79,80,84,85,88,94,96,101-105,107,131,136,141,145,161,171,
172,175,178]. In four studies, lower performance status was asso-
ciated with higher odds (OR: 1.3-2.3) of low muscle mass
[127,135,138,149]. Whilst lower performance status was associated
with lower odds (OR: 0.8) of maintaining muscle mass in one study
[176]. One found a weak positive correlation between increasing
performance status and muscle mass (r = 0.12) [143]. Two found a
worse performance status was associated with lower muscle mass
(estimate = —3.53) [98,163]. Conversely, 17 (27 %) studies found
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lower performance status was associated with normal muscle
mass, one was statistically significant. Fifteen studies found
prevalence of low performance status was 2-22 % higher in pa-
tients with normal compared to low muscle mass
[33,40,42,47,71,72,83,106,110,150,165,167,168] [62,87]. One found
lower performance status was associated with lower odds (OR:
0.8) of muscle loss [154]. One found lower performance status was
associated with higher muscle mass (B = 0.23) [116]. Five (8 %)
studies found no difference in performance status for patients
with or without muscle loss [69,93,129,134,273]. Overall, four of
the 64 studies adjusted for potential confounders. Two found
lower performance status was associated with lower muscle mass
[98,135]. One found lower performance status was associated with
higher muscle mass [116], and one found no associations [273].

3.7.2. Other muscle mass assessment (or estimation) methods

Twenty-three studies examined associations using CT-defined
psoas or paravertebral muscle [180,182,185,195,197,205,
208,212,214-216,274], BIA [221,224,231,233,235,238,275], DXA
[243,247], MRI [251], or prediction equation using muscle
circumference [253]. Lower performance status was fairly
consistently associated with lower muscle mass or muscle loss.

Overall, when unadjusted and adjusted associations were
considered together, there was a largely consistent association
between lower performance status and muscle loss. However,
when only adjusted associations were examined, the results were
more heterogeneous. Whilst various methods were used to assess
performance status, no single method was most predictive of low
muscle mass.

3.8. Muscle strength

Muscle strength was explored as a predictor of cancer-related
low muscle mass or muscle loss in 34 (12 %) studies (n = 9716
participants, range: n = 22-2287), including various cancer di-
agnoses (47 % upper and/or lower GI; 18 % mixed; 18 % head and
neck) and treatment modalities (32 % chemotherapy with or
without other treatments; 24 % surgery). Handgrip strength (HGS)
was the predominant measure of muscle strength and was
assessed in 31 studies. Knee/leg extension, leg press or chest press
were assessed in two studies each.

3.8.1. CT-defined low muscle mass

Sixteen studies examined unadjusted and/or adjusted associ-
ations between HGS and low muscle mass or muscle loss. Of these,
13 (81 %) found lower muscle strength was associated with low
muscle mass or muscle loss of which 12 were statistically signifi-
cant. In five studies, HGS was 0.7-7 kg lower in patients with low
compared to normal muscle mass [47,56,69,84,121]. Four studies
reported a weak to moderate positive association (r = 0.3-0.6)
between HGS and muscle mass [54,261,276,277]. Three found that
higher muscle strength was associated with higher muscle mass
(B = 0.3-0.4; estimate = 0.5) [123,278,279]. In one study the
prevalence of reduced HGS (>10 %) was 25 % higher in patients
with muscle wasting >10 %, compared stable muscle mass [136].
Conversely, one (6 %) study found HGS was 3 kg lower in patients
with higher compared to low muscle mass, albeit not statistically
significant [255]. Two (13 %) studies found no association between
muscle strength and mass [71,280]. Only three studies adjusted for
potential confounders. Findings were mixed, with two finding low
muscle strength was associated with low muscle mass [121,278],
and one study finding no association [280].
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3.8.2. Other muscle mass assessment (or estimation) methods

Eighteen studies examined associations using BIA
[219,220,225,229,236,272,281-283], DXA [242,247,284-288] CT-
defined psoas muscle mass [201] and ultrasound [289]. All
studies found lower muscle strength was associated with low
muscle mass or muscle loss, regardless of muscle strength
assessment method.

Overall, low muscle strength was consistently associated with
low muscle mass. However, as most studies used hand-grip
strength, conclusions about other assessment methods are limited.

3.9. Physical function

Physical function was examined as a predictor of cancer-related
low muscle mass or muscle loss in 29 (10 %) studies (n = 10,924
participants; range: n = 28-2287). Studies included various cancer
diagnosis (45 % upper and/or lower gastrointestinal; 21 % mixed)
and treatment modalities (34 % chemotherapy with or without
other treatments; 28 % surgery). Physical function was estimated
using gait speed, timed walking tests, timed-up-and-go (TUG) test,
short physical performance battery (SPPB), and sit-to-stand (STS)
tests, herein defined as objective assessments. Self-reported
physical function as a component of quality of life was also
assessed using the European Organisation for Research and
Treatment of Cancer Quality of Life Questionnaire (EORTC-QLQ)
and 8-item and 36-item short form (SF-8 and SF-36) question-
naires. Most studies reported more than one assessment of phys-
ical function.

3.9.1. CT-defined low muscle mass

Twenty studies examined unadjusted and/or adjusted associ-
ations between physical function and CT-defined low muscle mass
or muscle loss. Objective assessments were examined in 14
studies, including gait speed (n = 8), TUG (n = 5), SPPB (n = 2), 30-
s STS (n = 1) and 5-times STS (n = 1). Of these, poorer physical
function using gait speed (n = 6; 75 %), TUG (n = 3; 60 %), SPPB
(n=1;50%),30-sSTS(n=1; 100 %) and 5-times STS (n = 1; 100 %)
was associated with lower muscle mass [47,54,56,69,84,124,
158,273,276,278,280,290]. Nine associations were statistically
significant. Conversely, one study (n = 1; 50 %) found higher SPPB
score was associated with lower muscle mass (p = —0.43) [158].
Gait speed (n = 2; 25 %) and TUG (n = 2; 40 %) were not associated
with muscle mass in four cases [95,255,280].

Self-reported physical function was examined in eight studies.
Of these, all found poorer physical function (EORTC-QLQ) was
associated with lower muscle mass, of which five were statistically
significant [56,121,136,158,261,291-293].

Overall, four of 20 studies adjusted for various potential con-
founders. One found higher muscle mass was significantly asso-
ciated with faster gait speed (p = 0.01) [278]. One found faster 5-
times STS (coef = —0.31) but not gait speed (coef = —0.0001) or
TUG (coef = 0.002) was associated with higher muscle mass [280].
Higher muscle mass was associated with a 12 % reduced risk of
prolonged TUG (RR = 0.88) in one study [273]. In another study
physical function score (EORTC QLQ-C30) was lower in patients
with lower muscle mass (mean difference (95 % CI): —1.6
(-10.4-7.2)) [121].

3.9.2. Other muscle mass assessment (or estimation) methods

Nine studies examined associations using CT-defined psoas
muscle [196], BIA [229,236,272,294-296], DXA [247] and ultra-
sound [289]. Similar to the findings for CT-defined muscle mass,
the majority of studies showed lower physical function was
associated with muscle loss.
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Overall, there was a consistent association between lower
physical function and lower muscle mass. Gait speed was the most
commonly explored quantitative method; However, no one
method appeared most predictive of low muscle mass.

3.10. Anthropometric assessment

Anthropometrically assessed muscle size was explored as a
predictor of cancer-related low muscle mass in nine (3 %) studies
(n = 1543 participants, range: n = 49-617), including various
cancer types (30 % upper gastrointestinal and 30 % head and neck)
and treatment modalities (70 % surgery with or without other
treatments). Muscle size was estimated using calf circumference
(n = 5), mid-upper arm circumference (n = 5), and ‘muscle
depletion’ from PG-SGA (n = 1). Two studies examined more than
one muscle circumference.

3.10.1. CT-defined low muscle mass

Four studies examined associations with CT-defined low mus-
cle mass. Of these, three (75 %) studies found higher estimated
muscle size was associated with higher muscle mass, all of which
were statistically significant. Two found a weak to moderate pos-
itive correlation (r = 0.3-0.6) between calf or mid-upper arm
circumference and muscle mass [54,297]. One found muscle
depletion (higher score associated with greater depletion) was
moderately negatively correlated (r = —0.5) with muscle mass in
one study [265]. Alternatively, one (25 %) study found no associ-
ation between mid-upper arm circumference and muscle mass
(r = —0.01) [298]. No studies adjusted for potential confounders.

3.10.2. Other muscle mass assessment (or estimation) methods

A further five studies examined associations between calf and
mid-upper arm circumference and low muscle mass using BIA
[219,220,228,236] or DXA [241]. All found higher muscle circum-
ference was statistically significantly associated with higher
muscle mass.

Overall, higher calf and mid-upper arm circumference were
consistently associated with higher muscle mass, regardless of
muscle assessment technique utilised. However, the number of
studies examining these relationships (n = 9) is limited, thus
findings should be interpreted with caution.

3.11. Body weight

Body weight was explored as a predictor of cancer-related low
muscle mass or muscle loss in 30 (10 %) studies (n = 7113 partic-
ipants, range: n = 40-977), including various cancer diagnoses
(40 % upper or lower gastrointestinal and 27 % head and neck
cancers) and treatment modalities (53 % surgery, with or without
other treatments).

3.11.1. CT-defined low muscle mass

Eighteen studies examined associations with low muscle mass
or muscle loss using unadjusted and/or adjusted methods. Of
these, 17 (94 %) studies found lower body weight was associated
with muscle loss, of which 13 were statistically significant. Thir-
teen found body weight was 1-21 kg lower in those with low
muscle mass compared to normal muscle mass
[35,42,50,51,65,71,80,89,90,150,153,168,268]. Three found body
weight was weakly to moderately positively (r = 0.22-0.56)
correlated with muscle mass [123,143,299]. One found prevalence
of low body weight (below median of 56 kg) was 2.5 % higher in
those with low compared to normal muscle mass [105].
Conversely, one study found patients with muscle loss had up to
7 kg higher body weight at pre-treatment and post-treatment
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compared to those who were weight stable [267]. No studies
adjusted for potential confounders.

3.11.2. Other muscle mass assessment (or estimation) methods

Thirteen studies examined associations using CT-defined low
psoas muscle index [184,195,204,206], BIA [219,221,223,225,
228,229,235,237] or predictive equation based on calf circumfer-
ence [300]. Similar to findings for CT-defined low muscle mass,
lower body weight was consistently associated with lower muscle
mass.

Overall, there was a consistent association between lower body
weight and lower muscle mass. Few studies examined associations
between body weight and muscle losses (i.e., during treatment)
making interpretation of such findings challenging.

3.12. Body fat

Body fat was explored as a predictor of cancer-related low
muscle mass or muscle loss in 43 (15 %) studies (n = 16,825 par-
ticipants, range: n = 29-3262). Studies included various cancer
diagnoses (51 % upper and/or lower gastrointestinal) and treat-
ment modalities (46 % surgery with or without other treatments).
Studies examined total (n = 20), visceral (n = 30) or subcutaneous
body fat (n = 22), with a majority of studies examining more than
one body fat component.

3.12.1. CT-defined low muscle mass

Thirty-two studies examined associations between body fat
and low muscle mass or muscle loss using unadjusted and/or
adjusted methods. Total body fat (area or percentage) was exam-
ined in 13 studies. Of these, ten (77 %) found lower total body fat
was associated with lower muscle mass, of which six were sta-
tistically significant. Seven found body fat was lower in those with
low muscle mass compared to normal muscle mass
[41,46,47,56,71,81,255]. One found a weak positive correlation
(r = 0.2) between total fat and muscle mass [166]. Two found
higher body fat was associated with lower odds (OR: 0.6-0.5) of
low muscle mass [126,133]. Conversely, three (23 %) studies found
patients who lost muscle mass had higher total body fat compared
to those who were muscle stable; one was statistically significant
[165,267,301].

Visceral and subcutaneous body fat were examined in 26 and
20 studies, respectively. For visceral fat, 15 (58 %) studies found
lower visceral fat was associated with lower muscle mass, of
which 10 were statistically significant. Seven found visceral body
fat was lower in those with low compared to normal muscle mass
[41,46,71,82,90,159,177]. In seven there were weak to moderate
positive correlations (r = 0.3-0.5) between visceral body fat and
muscle mass [77,126,146,148,166,258,276]. In one, prevalence of
low visceral fat area (<130 cm? [male]; <90 cm? [female]) was 23 %
higher in patients with low compared to normal muscle mass
[105]. Conversely, 10 (38 %) studies found higher visceral fat was
associated with low muscle mass or loss, and up to 3-times higher
odds of low muscle mass; four were statistically significant
[40,47,62,63,107,132,155,169,260,301]. One study (4 %) found no
association between visceral fat and muscle mass [93].

For subcutaneous fat, 13 (65 %) studies found lower subcu-
taneous fat was associated with lower muscle mass, of which
seven were statistically significant. Eight found subcutaneous fat
was lower in those with low compared to normal muscle mass
[41,46,62,63,71,82,159,177]. In two studies there were weak to
moderate positive (r = 0.2-0.5) correlations between subcutane-
ous fat and muscle mass [77,258]. In two further studies, higher
subcutaneous fat mass was associated with lower odds (OR:
0.9-04) of low muscle mass [40,132]. In one, prevalence of low
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subcutaneous fat area (<86.24 cm?) was 29 % higher in patients
with low compared to normal muscle mass [105]. Conversely, five
(25 %) studies found high subcutaneous fat was associated with
lower muscle mass or muscle loss [47,107,155,169,301], of which
none were statistically significant. Two (10 %) found no associa-
tions between subcutaneous fat and muscle mass [126,166].

Overall, three of 32 studies adjusted for potential confounders.
One found higher total fat mass was associated with lower odds of
low muscle mass [133]. Alternatively, one found higher visceral fat
mass was associated with significantly higher odds of low muscle
mass [40]. One found moderate to strong negative correlations
between total, visceral and subcutaneous fat and muscle loss
during treatment [301].

3.12.2. Other muscle mass assessment (or estimation) methods

A further 11 (26 %) studies examined associations with CT-
defined psoas muscle index [183,204,209], BIA [220,228,229,
236,237] or DXA [241,245,285]. The majority (72 %) found lower
body fat was associated with lower muscle mass.

Overall, whilst there was some heterogeneity in findings, there
was a relatively consistent association between higher fat mass
and higher muscle mass across all fat components. However, it is
apparent that patients with higher fat (total or visceral) mass at
baseline may be at risk of greater muscle loss during treatment.

3.13. Weight loss

Weight loss was explored as a predictor of cancer-related low
muscle mass or muscle loss in 26 (9 %) studies (n = 15,270 par-
ticipants; n = 20-3262). Studies included various cancer types
(46 % upper and/or lower gastrointestinal; 23 % mixed) and
treatment modalities (38 % chemotherapy with or without other
treatments; 23 % surgery).

3.13.1. CT-defined low muscle mass

Twenty studies examined unadjusted and/or adjusted associ-
ations with low muscle mass or muscle loss. Of these, 16 (80 %)
studies found that weight loss was associated with muscle loss, of
which 10 were statistically significant. In seven studies, prevalence
of weight loss (>5 % or >10 %) ranged from 3 % to 21 % higher in
patients with low compared to normal muscle mass [38,45,81,
84,102,165,302]. Two found a weak positive correlation (r = 0.3)
between weight loss and loss of muscle mass [90,155] and two
found a weak negative correlation (r = 0.1-0.3) between weight
loss and muscle mass [54,56]. Three found patients with low
muscle mass experienced higher weight loss during or prior to
treatment [55,100,256]. Weight loss >10 % during treatment was
associated with 3-times higher odds of developing low muscle
mass in one study [126]. Whilst weight stability was associated
with 1.2-times higher odds of maintaining muscle mass in one
study [176]. Conversely, two (10 %) studies found weight loss was
2-6 % more prevalent in patients without low muscle mass
[35,104]. Two (10 %) studies found no association (~r = 0.05 or
OR:1.04) between weight loss and muscle mass [133,259]. Overall,
three of 20 studies adjusted for potential cofounding factors. Two
found weight loss was negatively associated with muscle mass
[126,176], whilst one study found no association [133].

3.13.2. Other muscle mass assessment (or estimation) methods

Six studies examined associations using CT-defined psoas
muscle index [185], BIA [235,272,294,303] and BIS [304]. Similar to
results for CT-defined low muscle mass, weight loss was consis-
tently associated with lower muscle mass.
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Overall, there was a consistent negative association between
weight loss and muscle mass, where a majority of studies found
weight loss was associated with lower muscle mass.

3.14. Fatigue

Fatigue was explored as a predictor of cancer-related low
muscle mass or muscle loss in 24 (8 %) studies (n = 6757 partici-
pants; range: n = 41-1027), including various cancer types (33 %
upper or lower gastrointestinal; 25 % mixed) and treatment mo-
dalities (54 % chemotherapy with or without other treatments).
Fatigue was assessed using various fatigue and quality of life
scales.

3.14.1. CT-defined low muscle mass

Twelve studies examined associations with low muscle mass
using unadjusted and/or adjusted methods. Of these, seven (58 %)
found higher fatigue was associated with muscle loss of which four
were statistically significant. Three found fatigue scores (EORTC-
QLQ) were up to 18 points higher (worse fatigue) in patients with
muscle loss, compared to stable or increased muscle mass
[121,136,305]. One found a moderate negative correlation
(r = —0.46) between muscle mass and fatigue (EORTC QLQ-C30)
[56]. One found a non-linear relationship between fatigue
(EORTC-QLQ) and muscle mass in males but not females [291]. One
found higher muscle mass was associated with higher fatigue
score (less fatigue; Functional Assessment of Chronic Illness
Therapy [FACIT]) (B = 0.142) and in one study muscle mass was up
to 1.7 cm/m? lower in patients with fatigue (EORTC-QLQ score >39
points) compared to those without fatigue at diagnosis and 6-
months post-diagnosis [306]. Conversely, one (8 %) study found
fatigue scores (Piper Fatigue Scale) were 2.5 points higher (worse
fatigue) in patients with normal compared to low muscle mass
[71]. Three (25 %) studies found no association between fatigue
and muscle mass or loss [62,261,292] and one (8 %) study could not
be interpreted [158]. Overall, three of 12 studies adjusted for
potentially confounders. All found higher levels of fatigue were
associated with lower muscle mass or muscle loss [121,305,307].

3.14.2. Other muscle mass assessment (or estimation) methods

A further 12 studies examined associations using CT-defined
low psoas muscle mass [185,218], BIA [229,231,235,239,294,295],
DXA [308-310] or ultrasound [252]. Higher levels of fatigue were
consistently associated with lower muscle mass.

Overall, whist there was some heterogeneity, higher levels of
fatigue was relatively consistently associated with muscle mass,
especially in adjusted analysis. Differences in fatigue scores largely
reached clinically significant levels. The majority of studies
assessed fatigue as a function of quality of life (i.e. EORTC-QLQ),
whilst there was some variation in the findings, most found fa-
tigue as a function of quality of life was associated with lower
muscle mass.

3.15. Pain

Pain was explored as a predictor of cancer-related low muscle
mass or muscle loss in 14 (5 %) studies (n = 3004; range:
n = 41-1027) including various cancer types (29 % upper gastro-
intestinal and 21 % mixed) and 50 % chemotherapy with or without
other treatment modalities. Various tools were used to assess pain,
however the majority utilised quality of life questionnaire symp-
tom scales.
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3.15.1. CT-defined low muscle mass

Seven studies examined associations with muscle mass using
adjusted and/or unadjusted methods. Of these, three (43 %) found
pain was associated with muscle loss, of which one was statisti-
cally significant. One found pain scores (Brief Pain Inventory Short
Form) were 0.5 points higher in patients with low muscle mass
compared to normal muscle mass [71]. One found pain scores
improved (—7.4 to —16.3 points; EORTC QLQ-C30) among patients
with stable or gain in muscle mass compared to those who lost
muscle mass [305]. One study found pain (visual analogue scale)
was weakly negative correlated (r = —0.14) with muscle mass
[311]. In contrast, one (14 %) study found pain scores (EORTC QLQ -
ST022) were 0.5 and 1.1 points higher in patients with stable
muscle mass (<10 % wasting) compared to those with muscle
wasting >10 % at one- and three-months post-surgery, respec-
tively [136]. This finding was not statistically significant. Alterna-
tively, three (43 %) studies found no associations with muscle mass
(difference in pain score between groups ~0.1 points and correla-
tion r=<0.04) [62,261,292]. Overall, one of the seven studies
adjusted for potential confounders finding improved pain scores
when muscle mass was gained or remained stable compared to
those who lost muscle mass [305].

3.15.2. Other muscle mass assessment (or estimation) methods

Seven studies examined using CT-defined psoas muscle mass
[196,218], BIA [229,231,294,295] or ultrasound [252]. Pain was
consistently associated with lower muscle mass or muscle loss in
the majority of studies.

Overall, associations between pain and CT-defined low muscle
mass were inconsistent. Moreover, the majority of studies assessed
pain as a function of quality of life (e.g., EORTC-QLQ), rather than
the presence of pain itself.

3.16. GI symptoms

Gl symptoms were examined as predictors of cancer-related
low muscle mass or muscle loss in 23 (8 %) studies (n = 6472
participants, range: n = 28-1157) including various cancer types
(30 % upper and/or lower gastrointestinal; 22 % head and neck;
17 % mixed) and treatment modalities (52 % chemotherapy with or
without other treatments). GI symptoms included low appetite
(n = 14), nausea and/or vomiting (n = 12), constipation (n = 10),
diarrhoea (n = 9), mucositis or esophagitis (n = 8), dysphagia
(n = 6), dry mouth (n = 5), taste changes (n = 4), reflux (n = 3), or
any symptoms (n = 2). Symptoms are herein grouped by those
impacting nutrient intake (low appetite, mucositis or esophagitis,
dysphagia, dry mouth, taste changes), nutrient absorption (nausea
and vomiting, diarrhoea), or other symptoms (constipation, reflux,
presence of any symptoms). Most studies examined more than one
GI symptom; as such, individual association between symptoms
and muscle mass are reported as ‘cases’.

3.16.1. CT-defined low muscle mass

Fifteen studies examined associations with low muscle mass or
muscle loss using unadjusted and/or adjusted methods. GI
symptoms impacting nutrient intake were examined in 12 studies.
One or more of these symptoms were associated with low muscle
mass in 13 cases [35,55,56,116,119,263,291]. In five cases, these
symptoms were associated with low muscle mass at certain time
points after treatment [136] or in certain BMI categories [62].
Seven associations were statistically significant. Conversely, in one
case, greater symptom scores were non-significantly associated
with muscle stability (<10 % wasting) compared to those with
muscle loss (>10 % wasting) [136]. There were no associations
between symptoms and muscle mass in six cases [261,292,312].
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Overall, one of the 12 studies adjusted for various potential con-
founders, finding a non-significant association between appetite
loss and decreased muscle mass (p = —0.53) [116].

GI symptoms impacting nutrient absorption were examined in
seven studies. These symptoms were associated with low muscle
mass in four cases [55,136,305]. In two cases, symptoms were
associated with low muscle mass or muscle loss at certain time
points after treatment [136] or in certain BMI categories [62]. One
association was statistically significant. Alternatively, in one case,
lower muscle mass was non-significantly associated with lower
risk of nausea and vomiting [312]. There were no associations
between symptoms and low muscle mass or muscle loss in four
cases [55,56,292]. Overall, one of seven studies adjusted for po-
tential confounders. This study found muscle gain or stability were
associated with better symptoms scores compared to those
experiencing muscle loss [305].

Other GI symptoms were examined in eight studies. Other GI
symptoms were associated with low muscle mass or muscle loss in
four cases [55,136,265,305]. In two cases, symptoms were associ-
ated with low muscle mass or muscle loss at certain time points
after treatment [136] or in certain BMI categories [62]. One asso-
ciation was statistically significant. Alternatively, in one case, the
prevalence of having any symptom was higher in patients with
normal muscle mass compared to those with low muscle mass
[71]. Moreover, there were no apparent associations between
symptoms and low muscle mass or muscle loss in two cases
[261,292]. One study adjusted for confounders, finding muscle gain
or stability were associated with better symptoms scores
compared to those experiencing muscle loss [305].

3.16.2. Other muscle mass assessment (or estimation) methods

A further eight studies examined associations with CT-defined
psoas muscle mass [185,196,218], BIA [231,294-296] or DXA [308].
The direction of the relationship with GI symptoms impacting
nutrient intake, absorption or other symptoms was inconsistent.

Overall, there were no consistent associations between GI
symptoms impacting nutrition intake, nutrient absorption or other
GI symptoms, and muscle mass. Whilst not entirely consistent,
dysphagia, mucositis or esophagitis were most commonly asso-
ciated with low muscle mass when GI symptoms were examined
individually. GI symptoms were assessed using various methods
and at various time points from before treatment into cancer
survivorship, which makes comparison between studies difficult.

3.17. Energy intake

Energy and food intake were explored as predictors of cancer-
related low muscle mass or muscle loss in 17 (6 %) studies
(n =4612; range: n = 18-1315) including various cancer diagnoses
(29 % mixed,18 % lung, 18 % upper gastrointestinal) and treatment
types (35 % mixed, 24 % chemotherapy with or without other
treatments). Whilst methods used to estimate energy intake var-
ied, the majority reported caloric/kilojoule intake or self-reported
reduction in food amount (e.g., using PG-SGA).

3.17.1. CT-defined low muscle mass

Eight studies examined associations with low muscle mass or
muscle loss using unadjusted and/or adjusted methods. Of these,
six (75 %) found lower energy intake was associated with muscle
loss, of which four were statistically significant. Three found
prevalence of reduced food intake was 6-14 % higher in patients
with CT-defined low compared to normal muscle mass
[55,84,265]. Two found a weak to moderate positive correlation
(r = 0.2-0.6) between energy intake and muscle mass [301,313].
One found muscle mass was 0.75 cm/m? lower in patients who
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experienced severe decline in dietary intake compared to those
experiencing moderate decline before and after treatment [97].
Conversely, two (25 %) studies, adjusted for age, sex and race or
protein and body weight, found no associations between energy
intake and CT defined low muscle mass (i.e, OR = 10;
estimate = 0.000224). Both studies were adjusted for potentially
confounders [122,176].

3.17.2. Other muscle mass assessment (or estimation) methods

A further nine studies examined used DXA [217,243,244,
285,308] or BIA [227,272,296,314]. Similar to findings for CT-
defined low muscle mass, lower energy or food intake was asso-
ciated with low muscle mass or muscle loss in the majority of
studies.

Overall, lower energy or food intake was consistently associ-
ated with low muscle mass. However, studies which adjusted for
potential confounders, particularly those including cancer survi-
vors, were more likely to report no associations.

3.18. Protein intake

Protein intake was explored as a predictor of cancer-related low
muscle mass or muscle loss in 14 (5 %) studies (n = 1911; range:
n = 18-493) including various cancer types (21 % head and neck;
21 % respiratory) and treatment modalities (43 % mixed; 36 %
chemotherapy with or without other treatments).

3.18.1. CT-defined low muscle mass

Four studies examined unadjusted and/or adjusted associations
of protein intake with low muscle mass or muscle loss. Of these,
three (75 %) found lower protein intake was associated with lower
muscle mass. However, none were statistically significant. Two
studies found weak to moderate (r = 0.26-0.44) positive correla-
tions between protein intake and muscle mass [301,313]. One
found higher protein intake was associated with 35-times higher
odds of maintaining muscle mass [176]. Alternatively, one (25 %)
found no association between protein intake and muscle mass
(estimate: 0.016) [122]. One study adjusted for potential con-
founders, finding protein intake was positively correlated with
muscle mass [301].

3.18.2. Other muscle mass assessment (or estimation) methods

Ten studies examined associations using DXA [19,217,243,244,
285,308], BIA [225,227,296] or predictive equation [315]. Findings
were similar to those for CT-defined muscle mass, where protein
intake was mostly consistently and positively associated with
muscle mass.

Overall, protein intake was consistently associated with muscle
mass across various muscle mass assessment methods. However,
the limited number of studies using CT-defined muscle mass
should be considered in the interpretation of these findings.

3.19. Dietary factors

Dietary factors such as nutrients, food groups or dietary pat-
terns were examined as predictors of cancer-related low muscle
mass or muscle loss in four (1 %) studies (n = 442 participants,
range: n = 41-285). Studies included breast, genitourinary,
reproductive and haematological cancers and various treatment
modalities (75 % chemotherapy with or without other treatments).

3.19.1. CT-defined low muscle mass

Three studies examined associations with muscle mass using
unadjusted and/or adjusted methods. Of these, two (67 %) found a
positive association between dietary intake and muscle mass.
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None were statistically significant. One study found low muscle
mass was associated with lower fruit and vegetable (1 serve) and
fibre (2g/day) intake compared to normal muscle mass [71]. One
found a weak positive correlation (r = 0.3) with percentage change
in carbohydrate intake but weak negative correlation (r = —0.3)
with percentage change in fat intake and change in muscle mass
[313]. Alternatively, one found no associations between dietary
patterns, carbohydrate or fat intake and muscle mass [122]. The
latter was the only study adjusted for potential confounders.

3.19.2. Other muscle mass assessment (or estimation) methods

One additional study examined associations using BIA [296],
finding no associations between dietary factors (fruit and vege-
tables, meat, dairy, grains and soft drink) and muscle mass.

Overall, few studies have examined associations between di-
etary factors beyond energy and protein intake and muscle mass
with mixed findings. Therefore, no conclusions can be drawn in
this context.

3.20. Physical activity

Physical activity was explored as a predictor of cancer-related
low muscle mass or muscle loss in 10 (3 %) studies (n = 4581
participants, range: n = 18-2287) including various cancer types
(40 % mixed, 20 % haematological, 20 % respiratory) and treatment
modalities (50 % chemotherapy with or without other treatments).
Physical activity was assessed using both self-reported and
objective (e.g., step count) methods.

3.20.1. CT-defined low muscle mass

Two studies examined unadjusted and/or adjusted associations
with low muscle mass. Of these, one (50 %) found self-reported
physical activity was statistically significantly higher among pa-
tients with low compared to normal muscle mass (Godin Leisure-
Time Exercise Questionnaire score) [71]. One (50 %) found no as-
sociation between physical activity (International Physical
Activity Questionnaire long form) and muscle mass
(estimate = —0.0000292) [122]. The later study was adjusted for
potentially relevant confounders.

3.20.2. Other muscle mass assessment (or estimation) methods

Eight studies examined associations using DXA [243-246,308],
BIA [272,296], or ultrasound [252]. Contradicting findings from CT-
defined muscle mass, these studies found lower physical activity
was associated with low muscle mass and muscle loss.

Overall, there was a consistent relationship between physical
activity and muscle mass using DXA, BIA or ultrasound. However,
few studies examined muscle mass using CT and different methods
were used to estimated physical activity, including self-report,
making interpretation of these findings difficult.

3.21. Mental health and emotional function

Mental health was explored as a predictor of cancer-related low
muscle mass or muscle loss in 16 (5 %) studies (n = 5252 partici-
pants, range n = 61-2042), including various cancer types (31 %
upper and/or lower gastrointestinal; 25 % mixed) and treatment
modalities (63 % chemotherapy with or without out treatments).
Mental health was assessed as depression, anxiety or as a
component as quality of life (emotional function).

3.21.1. CT-defined low muscle mass

Overall, seven studies examined associations with muscle mass
using unadjusted and/or adjusted methods. Depression was
examined in two studies. Of these, one (50 %) found low muscle
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mass was statistically significantly associated with higher (worse)
depression scores (f = 1.558) [131]. Conversely, one (50 %) found
having depression was associated with higher muscle mass
(B =4.05) [158].

Anxiety was examined in three studies. Of these, one found
(33 %) a statistically significant weak negative correlation
(r = —0.282) between anxiety and muscle mass in [311]. Alterna-
tively, one (33 %) found patients with greater muscle loss experi-
enced a lower anxiety score (STO22) compared to those with
stable muscle mass [136] and one (33 %) study found no associa-
tion between low muscle mass and anxiety (f = —0.039) [131].

Emotional function was examined across five studies. Of these,
two (40 %) studies with stable muscle mass experienced up to 5
points higher (better) emotional function (EORTC-QLQ) compared
to those with muscle loss [136,305]. Neither finding was statisti-
cally significant. Conversely, three (60 %) found no association
between emotional function and muscle mass [62,158,292].

Overall, two of seven studies adjusted for potential cofounding
factors. One found a positive association between muscle mass and
depression, but no association with anxiety [131]. The other found
stable muscle mass was associated with better emotional function,
compared to muscle loss [305].

3.21.2. Other muscle mass assessment (or estimation) methods

Nine studies examined associations using CT-defined psoas
muscle mass [196,316], BIA [229,231,294-296], ultrasound [252]
and adductor pollicis muscle thickness [317]. Associations be-
tween depression, anxiety or emotional function and low muscle
mass or muscle loss were inconsistent.

Overall, there was no consistent association between mental
health, regardless of assessment methods, and muscle mass.
However, the limited number of included studies makes inter-
pretation of findings challenging.

4. Discussion

This scoping review summarised the current evidence on fac-
tors associated with low muscle mass or muscle loss in adults with
cancer. Overall, 20 factors were identified that could be routinely
assessed in the clinical oncology setting. Thirteen factors including
older age, lower BMI, poorer performance status, lower muscle
strength, poorer physical function, smaller arm and leg circum-
ference, lower body weight, lower body fat, weight loss, higher
fatigue, lower energy and protein intake, and physical inactivity
were consistently associated with cancer-related muscle loss
(Fig. 3). Other factors including comorbidities, smoking status,
alcohol intake, pain, gastrointestinal symptoms, dietary intake
(other than energy and protein), and mental health were variably
associated with muscle mass. Studies were heterogeneous
regarding cancer types, treatment modalities and muscle mass
assessment techniques. Nevertheless, we provide preliminary ev-
idence for factors that may help promptly identify patients at risk
of low muscle mass or muscle loss in need of further assessment
and referral for specialist support.

A pervasive finding of this review is the consistent association
between low BMI and cancer-related low muscle mass or muscle
loss across various cancer diagnoses and treatment modalities.
Whilst these findings indicate that BMI may be a reliable predictor of
muscle mass at agroup level the utility of BMI at an individual level is
controversial. Indeed, BMI is not considered an appropriate indica-
tor of muscularity or fatness among individuals in clinical practice
[27,318], as there is substantial inter-individual variability in the
relationship between BMI and muscle mass. Individuals with similar
body size and BMI can have widely different quantities of muscle
mass [319]. Despite our findings, this heterogeneity reinforces the
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Fig. 3. Factors associated with cancer-related low muscle mass (figure generated in BioRender).

need for caution when using BMI alone to estimate muscle mass
among individuals in the clinical setting. Moreover, the proportion of
adults presenting with a low BMI at the time of cancer diagnosis is
relatively low [320,321]. Several recent studies report that more
than half of all patients with various cancer diagnoses, have either
overweight or obesity at diagnosis and during treatment [320,321],
inline with prevalence in the general population. As such, whilst low
BMI may be associated with muscle loss at a group level, as per the
finding of this review, caution must be taken when interpreting BMI
as an indicator of muscle mass on an individual level.

Several physiological factors such as muscle strength (e.g.,
handgrip strength), physical function (e.g., gait speed), and
anthropometrical assessments (e.g., mid-upper arm- and calf
circumference) were consistently associated with muscle mass in
cancer patients in this review. Such factors are also commonly
associated with age-related sarcopenia and included as compo-
nents of sarcopenia screening tools [322,323]. For example, the
Strength, Assistance with walking, Rising from a chair, Climbing
stairs, and Falls (SARC-F) [322] and Mini Sarcopenia Risk Assess-
ment (MSRA) [323] are common tools designed to identify those at
risk of sarcopenia, particularly among older adults [324]. The
SARC-F is also commonly used in parallel with calf circumference
(SARC-CalF) [325], with some evidence suggesting better effec-
tiveness when used in combination [326,327]. However, these
screening tools are not cancer-specific and include items such as
recent falls, which may not be relevant for younger adults with
cancer. Furthermore, these tools capture events which may occur
over an extended period of time—such as falls, hospitalisations, or
weight loss over the past year—which may reflect slower, age-
related muscle decline rather than the rapid muscle changes
experienced by people with cancer [328]. Overall, factors such as
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muscle strength, physical function and anthropometry are rele-
vant predictors of both age- and cancer-related muscle loss and
should also be considered in screening of cancer-specific cohorts.

Gastrointestinal symptoms such as reduced appetite, nausea,
and vomiting are common among people with cancer, particularly
during cancer treatment [329], resulting in reduced dietary intake
and weight loss [5]. These factors are routinely monitored after
cancer diagnosis and throughout treatment. They are also key
components of widely used malnutrition screening tools including
the Malnutrition Screening Tool (MST) [330] and PG-SGA Short
Form (PG-SGA-SF) [330]. However, this review found an incon-
sistent relationship between gastrointestinal symptoms and
cancer-related muscle loss. This may be due to the intermittent
nature of these symptoms during cancer treatment and whether
they are well controlled, whilst longer-term or the chronic pres-
ence of gastrointestinal symptoms may be more consistently
associated with muscle loss. Furthermore, most studies in this
review assessed gastrointestinal symptoms using QoL symptoms
scales or the PG-SGA which capture if the symptoms are bother-
some or impacting food intake as opposed to simply present.
Regardless, this finding reinforces the limitation of using malnu-
trition screening tools to detect people at risk of cancer-related
muscle loss [25]. Indeed, previous studies have shown more than
half of patients with muscle loss are identified as ‘low nutritional
risk’ [25]. This is despite the inclusion of low muscle mass as one of
three phenotypic criteria in the globally recognised GLIM defini-
tion for malnutrition [20,23,24] and physical examination of
muscle stores in the PG-SGA [331].

Tools used to assess certain risk factors must be considered in
the context of this review. Quality of life questionnaires were used
to estimate emotional or physical function, fatigue, and pain in
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various included studies. Such questionnaires assess how bother-
some these issues are for the patient rather than whether or not
the issue is present. Although this has relevance to how they could
impact muscle mass, for example impacting a patient's motivation
to be physically active, it may not have fully captured the rela-
tionship between these factors and muscle mass.

To our knowledge, this review is the first to comprehensively
summarise potential factors associated with muscle loss in adults
with cancer, including factors which are universally applicable to
all patients, regardless of cancer diagnosis or treatment modality.
The robust search strategy and broad inclusion criteria are key
strengths of this review, resulting in the inclusion of a large
number of relevant studies and a holistic review of the current
body of literature. However, this review has some limitations.
Although databases were extensively searched and a large number
of search terms were included, factors not clearly defined within
identified studies may have been omitted. This review focussed on
potential factors associated with cancer-related muscle loss which
could feasibly be formulated into screening tool questions, and we
acknowledge that potentially relevant factors, such as blood bio-
markers, were beyond the scope of this review and should be
examined in a different context. Moreover, in alignment with the
methodology for scoping reviews, a quality assessment was not
conducted on the included studies. As such, we cannot comment
on the quality, or lack thereof, of included studies. There was large
heterogeneity in study methodologies, methods used to assess
muscle mass, including differences in the approaches used to ac-
count for body size, and cancer populations within included
studies. Therefore, some factors that might be expected to show
consistent associations with muscle loss may not have emerged as
important. Most techniques used to estimate and assess body
composition are subject to measurement bias. However, we could
not account for authors and researchers use of these techniques in
this review. Additionally, while studies were narratively described
as either cross-sectional (low muscle mass) or longitudinal
(muscle loss), these study designs were not analysed separately. As
a result, factors that demonstrate an effect only over time may not
have been fully captured.

5. Conclusion

Overall, this review identified a number of factors associated
with low muscle mass or muscle loss in adults with cancer, across
various cancer diagnoses and treatment modalities. There were
inconsistencies across almost all included factors; however, older
age, lower BMI, poorer performance status, lower muscle strength,
poorer physical function, smaller arm and leg circumference,
lower body weight, lower body fat, weight loss, higher fatigue,
lower energy and protein intake, and physical inactivity were
largely associated with cancer-related muscle loss. Due to het-
erogeneity of the studies and how factors were assessed across the
included studies, we were unable to identify which factors or
combination of factors was most strongly related to cancer-related
muscle loss, which will be the subject of future research to inform
appropriate screening.
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