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Abstract
Background: Sarcopenia increases the risk of chemotherapy-related toxicity, dose reduction, treatment
discontinuation, surgical complications, reduced quality of life, and mortality, yet remains
underrecognized in oncology. This study aimed to determine the prevalence of sarcopenia in older
patients with colorectal cancer prior to chemotherapy and to investigate associations with physical
activity and frailty.

Methods: This cross-sectional study used baseline data from the SaVe study and included patients aged
≥65 years scheduled for chemotherapy at two Danish hospitals (March 2023-October 2025). Sarcopenia
was assessed according to EWGSOP2 criteria using muscle strength (handgrip strength or 30-Second
Sit-to-Stand Test), muscle mass (DXA-derived appendicular lean mass), and physical performance (10-
meter Walking Test). Results were compared with age- and sex-specific reference values from healthy
Danish older adults. Physical activity was measured using an accelerometer (ActiGraph wGT3X-BT).
Frailty was screened with the Clinical Frailty Scale (CFS) and Geriatric-8 (G8). Associations were
analyzed using logistic regression and Fisher’s Exact Test.

Results: A total of 112 patients (63% men; mean age 74 ± 5 years) were included. Sarcopenia prevalence
was 12% (95% CI: 7-20%), while 33% (95% CI: 24-43%) had reduced muscle strength. Compared with
reference values, impairments were observed in handgrip strength (16%), appendicular lean mass (21%),
and gait speed (23%). Sarcopenia was significantly associated with abnormal G8 scores (OR 10.04) but
not with CFS. Among 71 patients with activity data, higher moderate-to-vigorous physical activity and
greater daily step counts were associated with lower odds of sarcopenia.

Conclusion: Muscle impairment is common in older patients with colorectal cancer prior to
chemotherapy, even among those deemed fit for treatment. Systematic assessment of sarcopenia and
physical activity may help identify vulnerable patients before frailty becomes clinically apparent.

Trial registration: ClinicalTrials.gov (NCT05710809).

Background
A higher absolute number of people with cancer underscores the need for focused attention on older
adults with cancer and the challenges managing this heterogeneous patient group [1, 2]. Multimorbidity
increase the risk of vulnerability, and at the time of cancer diagnosis, many have already experienced
prolonged symptoms such as fatigue, unintentional weight loss, and reduced appetite [3], which may
lead to reduced physical activity and increased risk of loss of muscle strength, muscle mass, and
functional decline [4, 5].

According to the European Working Group on Sarcopenia in Older People (EWGSOP2) sarcopenia is
defined by reduced muscle strength and muscle mass, with physical performance indicating disease
severity [5]. Sarcopenia may be classified as primary (age-related), or secondary, resulting from factors
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such as disease, physical inactivity, or poor nutrition [5]. In older adults with cancer, sarcopenia is often
multifactorial and may coexist with or be exacerbated by cancer-associated cachexia [6]. While physical
inactivity represents a potentially modifiable contributor to sarcopenia, its relative role compared with
cancer-related metabolic alterations and ageing remains insufficiently understood. Objective
assessment of physical activity may therefore provide important insight into the contribution of inactivity
to sarcopenia in older adults with cancer.

Older adults with sarcopenia have an increased risk of falls, physical disability, loss of independence,
reduced health-related quality of life (HRQoL), and mortality [5, 7–9]. In the oncological surgical setting,
sarcopenia has also been identified as an independent risk factor for poor postoperative outcomes,
including higher complications rates, delayed recovery, prolonged hospital stays, and increased risk of
readmission and death [7, 8, 10, 11]. In line with this, impaired physical performance has been
associated with increased risk of disability, cognitive decline, institutionalization, falls, and mortality [12,
13].

Frailty represents a multidimensional geriatric syndrome characterized by cumulative decline in physical
and cognitive reserves and is similarly associated with adverse outcomes such as disability, falls,
hospitalization, reduced HRQoL, and reduced survival [14–16]. Commonly used screening tools include
the Clinical Frailty Scale (CFS) [15, 17, 18], and the Geriatric-8 (G8), the latter specifically developed for
older adults with cancer reflecting the need for a cancer-specific approach to identify vulnerability [19,
20].

Although strongly associated with adverse outcomes, sarcopenia and frailty are potentially reversible,
particularly when identified early [15, 21–23]. This emphasizes the clinical importance of timely
identification to enable targeted interventions, primarily based on resistance training and adequate
protein intake [21–23]. Nevertheless, sarcopenia and frailty remain underrecognized in routine clinical
practice. Assessment of muscle health is not routinely performed, and functional status is typically
evaluated using the Eastern Cooperative Oncology Group Performance Status (ECOG PS) [24]. This
provides a limited and largely subjective assessment of functional capacity not adequately capturing
reduced muscle strength, muscle mass, physical performance, or frailty [24–26]. Consequently, clinically
relevant impairments may remain undetected, limiting knowledge of muscle health in older adults with
cancer before treatment and highlighting the need for more comprehensive assessment [2].

Therefore, the aim of this study was to evaluate the prevalence and severity of sarcopenia, defined
according to the EWGSOP2 criteria, in older adults (≥ 65 years) with colorectal cancer prior to initiation of
chemotherapy. In addition, we compared these findings with age- and sex-specific reference values from
healthy Danish older adults to quantify cancer-related reductions in muscle strength, muscle mass, and
physical performance. Finally, we explored potential associations between physical activity and frailty
with the presence of sarcopenia.

Methods
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Design and setting
This study presents a prespecified cross-sectional baseline analysis from the ongoing SaVe study [27].
The baseline time point was selected because muscle health at treatment initiation is critical for risk
stratification, treatment tolerance, and early intervention. Patients were consecutively recruited from the
outpatient clinic at the Department of Oncology, at Copenhagen University Hospital - Herlev and Gentofte
Hospital and Copenhagen University Hospital - Rigshospitalet.

Participants
Patients with colorectal cancer referred for neoadjuvant chemotherapy prior to potential surgical
resection, adjuvant, or first-line palliative chemotherapy were considered eligible for inclusion if they met
the following criteria: 1) age ≥ 65 years; 2) scheduled to initiate chemotherapy; 3) able to speak and read
Danish and provide written informed consent; and 4) ECOG PS score ≤ 2. The exclusion criteria were: 1)
chemotherapy within the past two years and sequelae of neuropathy, vertigo/dizziness, or impaired
balance; 2) severe physical disability limiting the ability to engage in physical exercise; 3) dementia,
psychotic disorder, or another cognitive condition interfering with participation in a clinical exercise-
based trial; or 4) attending a geriatric outpatient clinic within the previous six months.

Procedures and Data Sources

Procedures
After formal screening assessment and oral and written study information, patients signed informed
content to participate before any study related assessment were conducted. Assessment of muscle
strength and physical performance, CFS, and G8, were performed at the Department of Occupational
Therapy and Physiotherapy, Rigshospitalet and whole-body dual-energy x-ray absorptiometry (DXA)
scans were performed at the site of inclusion. All assessments were scheduled before treatment
initiation and performed by trained physiotherapists or medical students following standardized
procedures.

Clinical and demographic data
Chemotherapy regimens, age, sex, Body Mass Index (BMI), and ECOG PS were retrieved from the
patients’ electronical medical records.

Sarcopenia criteria
Sarcopenia was defined according to the EWGSOP2 criteria with patients classified into three categories:
1) probable sarcopenia, indicated by low muscle strength; 2) confirmed sarcopenia, characterized by
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both low muscle strength and low muscle mass; and 3) severe sarcopenia, defined by the additional
presence of impaired physical performance [5].

Muscle strength was assessed by maximal Hand Grip Strength (HGS) and the 30-Second Sit-To-Stand
test (30STS) [28]. Muscle mass was assessed by DXA, and physical performance by habitual walking
speed using the 10-meter walking test (10MWT).

The cut-off for low HGS according to EWGSOP2 was < 27 kg for men and < 16 kg for women [5]. The
30STS was used to test for lower limb strength. As no specific cut-offs are defined in the EWGSOP2
criteria, age- and sex-specific reference data from the Copenhagen Sarcopenia Study were used as cut-
offs [29]. Low muscle strength was determined by either low HGS or low 30STS below stratified norm
values.

Low muscle mass defined according to EWGSOP2 were: For women, appendicular lean mass (ALM) < 15
kg and ALM/height2 <5.5 kg/m2; for men, ALM < 20 kg and ALM/height² <7.0 kg/m² [5]. Low gait speed
according to EWGSOP2 was ≤ 0.8 meters/second for both women and men [5].

Muscle strength
Maximal HGS [30] was assessed using an electronic JAMAR dynamometer (JLW Instruments, Chicago,
IL, USA). Patients were seated upright, the elbow flexed at 90°, and the arm supported by the armrest of
the chair. Three tests were performed on each hand, in alternating order, and the highest value across
both hands was recorded.

The 30STS was used as a widely applied and recommended proxy measure of muscle strength [5, 31].
Patients were seated on a 44 cm chair with arms crossed over the chest and feet flat on the floor.
Following demonstration and one or two practice repetitions, patients were instructed to stand up and sit
down as many times as possible within 30 seconds.

Muscle mass
Muscle mass was defined as ALM, representing the lean tissue of the upper and lower extremities [5].
Measurements were performed using DXA (Lunar iDXA, GE Medical Systems Lunar, Madison, WI, USA)
with Encore software version 16.0 and reported both as an absolute value (kg) and adjusted for height in
meters squared (ALM/height2).

Physical performance
Physical performance was measured as habitual gait speed in meters/second and assessed using the
10MWT [32]. A 12-meter course was used with standing start and time stopped after 10 meter not
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including the deceleration phase [32]. Patients were instructed to walk in habitual walking speed and the
best of three attempts was recorded [32].

Physical activity
Physical activity was objectively measured using the waist-worn ActiGraph wGT3X-BT accelerometer
(ActiGraph, Pensacola, FL, USA) for ten days with a wash-out period the first four days. Recordings were
included if they contained data from at least four days with a minimum of eight hours of wear-time/day.
Data were processed in ActiLife using 10 second epochs. Wear-time was determined using the Choi et al
algorithm [33]. Periods identified as non-wear were visually inspected and short intervals (< 60 minutes)
surrounded by activity were reclassified as wear-time when judged to reflect prolonged sedentary
behavior. The amount of Moderate to Vigorous Physical Activity (MVPA) in minutes and step counts was
recorded. Measurements from both weekdays and weekends were included, assuming minimal variation
in activity levels between these days, given that the majority of participants were retired and not working.

Frailty screening
Frailty was estimated using CFS and G8 screening tools. The CFS is a subjective, judgment-based tool
relying on clinical appraisal of functional ability, comorbidity, and cognitive status providing a global
frailty score on a 9-point scale ranging from 1 (very fit) to 9 (terminally ill), with frailty defined as a score 
≥ 5 points [17, 18]. The G8 is a cancer-specific screening tool combining subjective information with
objective measures across eight domains: mobility, neuropsychological issues, polypharmacy, age,
appetite changes, weight loss, BMI, and self-rated health with a total score range from 0 (heavily
impaired) to 17 (not at all impaired) and cut-off for being frail at ≤ 14 points [20].

Statistical analysis
Continuous variables were summarized using means and standard deviations (SD) for normally
distributed data and medians with interquartile ranges (IQR) for non-normally distributed data.
Distribution of continuous variables was assessed visually using histograms and quantile-quantile (Q-Q)
plots. Binary and categorical variables were reported as frequencies (n) and percentages (%).

Data are presented as frequencies and proportions on group level and visually presented using a Venn
diagram. Low muscle mass was determined by either having ALM or ALM/height2 under the respective
cut-off criteria.

Measurements of HGS, ALM, ALM/height2 and the 10MWT were analyzed according to criteria described
above [5, 29]. In addition, all measures were compared with reference values from the Copenhagen
Sarcopenia Study, with values > 1 SD below the mean classified as reduced and values > 2 SD as severely
reduced [29].

Data are presented as frequencies and proportions on group level and visually presented as stacked bar
plots with overlaid individual data points, stratified by age and sex categories. The prevalence of
sarcopenia was calculated with 95% confidence interval (CI) based on the exact binomial method.
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Subgroup analyses of prevalence of sarcopenia between treatment groups and sex were calculated
using Fishers Exact Test.

Associations between sarcopenia and physical activity (MVPA, step counts) were examined using
logistic regression models with odds ratios (ORs) and 95% CI reported. Associations between
sarcopenia and frailty (CFS, G8) were assessed using Fisher’s exact test due to small cell counts. In
addition, sensitivity analyses including age as a covariate were conducted. All analyses were conducted
using the R statistical software (v4.3.2; R Core Team).

Results
One-hundred-and-twelve patients were included (Figure 1). Clinical characteristics are presented in Table
1. 

Table 1 Clinical characteristics of the study population
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    Treatment

  Overall

n = 112

Male

n = 70

Female

n = 42

Adjuvant

n = 54

Palliative

n = 22

Neo-adjuvant

n = 36

Age (years), mean (SD) 74 (5) 74 (5) 74 (5) 73 (7) 75 (6) 74 (5)

Sex, male, n (%) 70 (63) 32 (29) 15 (13) 23 (20)

BMI, mean (SD) 26 (5) 27 (4) 25 (6) 26.5 (3.9) 26.7 (7.4) 25.6 (4.3)

ECOG PS, n (%)

0 65 (58) 41 (59) 24 (57) 37 (69) 10 (46) 18 (50)

1 40 (36) 27 (39) 13 (31) 15 (28) 9 (41) 16 (44)

2 6 (5) 1 (1) 5 (12) 2 (4) 2 (9) 2 (6)

Missing 1 (1) 1 (1) 0 (0) 0 (0) 1 (5) 0 (0)

CFS, n (%)

<5 103 (92) 67 (96) 36 (86) 51 (94) 21 (95) 31 (86)

≥5 3 (3) 0 (0) 3 (7) 2 (4) 0 (0) 1 (3)

Missing 6 (5) 3 (4) 3 (7) 1 (2) 1 (5) 4 (11)

G8, n (%)

≤14 62 (55) 37 (53) 25 (60) 30 (56) 15 (68) 17 (47)

>14 42 (38) 29 (41) 13 (31) 22 (41) 5 (23) 15 (42)

Missing 8 (7) 4 (6) 4 (10) 2 (4) 2 (9) 4 (11)

SD = Standard deviation, BMI = Body Mass Index, PS = Performance Status, CFS = Clinical Frailty Scale,
G8 = Geriatric-8

According to EWGSOP2 criteria, complete-case analyses of 106 patients showed that 35 patients (33%,
95% CI: 24%-43%) had probable sarcopenia. Confirmed sarcopenia was identified in 11 patients (10%),
and severe sarcopenia in two patients (2%) with additionally low performance (Figure 2). Thus, the
overall prevalence of sarcopenia or severe sarcopenia was 13/106 (12%, 95% CI: 7%-20%). The
prevalence of sarcopenia did not differ significantly between sex (p=0.36) or treatment groups (p=0.20).
The six missing observations were due to illness, low surplus energy or lack of physical or mental
capacity on the day of assessment based on patient-reported reasons for non-completion. Sex- and
treatment-specific prevalence estimates are presented in Supplementary Table S1.

Muscle strength was assessed in 108 individuals with low HGS according to EWGSOP2 criteria identified
in four patients (4%). Using Danish age- and sex-specific reference data, 18 (17%) patients were
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classified with reduced or severely reduced HGS [29] (Figure 3a, Table S1). Using the same Danish
reference data, 35 (32%) patients demonstrated reduced or severely reduced lower-body muscle
strength, with the corresponding classification shown in Figure 3b.

Muscle mass was assessed in 110 individuals with low muscle mass according to EWGSOP2 criteria
and defined by ALM, kg and by ALM/height2 observed in 20 (18%) and 29 (26%) patients, respectively.
Overall, low muscle mass according to EWGSOP2 was identified in 32 (30%) patients. When compared
with Danish reference values, 23 (21%) patients were classified with reduced or severely reduced muscle
mass [29] (Table S1).

Physical performance (10MWT) was assessed in 108 individuals with low physical performance
according to EWGSOP2 criteria observed in five patients (5%). Based on Danish reference values, 25
(23%) patients were classified with reduced or severely reduced physical performance [29] (Figure 3c,
Table S1).

To illustrate the overlap between low muscle strength, low muscle mass, and low physical performance,
a Venn diagram was constructed including participants with complete data across all three domains
(n=106) (Figure 2).

Frailty prevalence differed markedly between the screening tools, with 3% of patients classified as frail
by CFS compared with 55% by G8 (Table 1) (Figure 4). In unadjusted analyses, sarcopenia was not
significantly associated with CFS status (OR=3.68, 95% CI 0.06-75.70, p=0.33). In contrast, sarcopenia
was significantly associated with frailty assessed by G8 (OR 9.88, 95% CI 1.36-438.57, p=0.01).

Physical activity was assessed in 71 individuals (Table 2). Missing data were due to technical or
practical issues, patient reluctance, or unmet validity criteria.

Table 2 Physical activity level measured with physical activity monitor (3-axis accelerometer) ActiGraph
wGT3X-BT

Accelerometry Overall

n = 71

Male

n = 43

Female

n = 28

Treatment

Adjuvant

n = 37

Palliative

n = 12

Neo-
adjuvant

n = 22

Daily average MVPA

(minutes), median
(IQR)

19

(9-31)

15

(10-31)

23

(7-28)

21

(8-35)

25

(15-31)

14

(11-27)

Number of daily
steps, mean (SD)

4416
(1987)

4328
(1778)

4551
(2300)

4470
(2126)

5162
(2362)

3918
(1382)

MVPA = Moderate-to-Vigorous Physical Activity, IQR = Interquartile range, SD = Standard deviation
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The daily average MVPA ranged from 30 seconds to71 minutes and number of daily average steps from
778 to 10,113. In the unadjusted logistic regression model, higher daily average MVPA (minutes) was
associated with lower odds of sarcopenia (OR=0.91, 95% CI 0.80-0.99) with statistical significance in
likelihood-ratio testing (p=0.02) but a borderline result using the Wald test (p=0.07). Adjusting for age did
not change the overall interpretation of the results. For every additional 1,000 steps/day, the odds of
having sarcopenia significantly decreased (OR=0.50, 95% CI 0.22-0.90), with statistical significance
confirmed by likelihood-ratio testing (p=0.02) and a similar result using the Wald test (p=0.05). Adjusting
for age did not change the overall interpretation of the results.

Discussion
In this cross-sectional study of older patients with colorectal cancer assessed prior to chemotherapy, the
prevalence of sarcopenia or severe sarcopenia according to the EWGSOP2 criteria was 12%. Reduced
muscle strength was observed in 33% of patients, reduced muscle mass in 30%, and impaired physical
performance in 5%. When interpreted against Danish age- and sex-specific reference values, the
corresponding proportions with reduced or severely reduced muscle strength, muscle mass, and
physical performance were 32%, 21%, and 23%, respectively. Physical activity was low, with patients
accumulating a mean of 4,416 steps/day (range 778 − 10,113) and a median of 19 minutes/day spent in
MVPA (range 0.5–71 minutes). Screening for frailty identified 3% using CFS and 55% using G8.

The observed prevalence is comparable to a previous Danish study of older patients evaluated prior to
colorectal cancer resection, showing a sarcopenia prevalence of 13% exclusively among frail patients
according to G8 [34]. In contrast, only approximately half of our study population screened positive on
G8, yet the prevalence of sarcopenia remained similar. If G8 screening were strongly associated with
sarcopenia, a higher prevalence would be expected in the preoperative colorectal cancer study. This
support that sarcopenia and frailty assessed by G8 represent overlapping but distinct constructs, with
sarcopenia capturing muscle-specific impairment rather than general vulnerability.

Consistent with this interpretation, a substantial proportion of patients in the present study had probable
sarcopenia or sarcopenia despite being considered relatively fit and eligible for chemotherapy. This
suggests that sarcopenia may be present before frailty is detected and underscores the importance of
systematic sarcopenia screening [22].

The observed prevalence is also in line with a systematic review reporting a sarcopenia prevalence of
10% among adults ≥ 60 years [35]. This review primarily included community-dwelling older adults, not
excluding individuals with cancer. As such, the reported prevalence likely reflects both age-related
(primary) and cancer-related (secondary) sarcopenia [5, 22]. In contrast, the prevalence in the present
study was substantially higher compared with Danish healthy older adults of similar age, where
prevalence ranged from 1.7% to 4.1% [29, 36], suggesting that sarcopenia may develop early already at
the time of treatment planning. This interpretation is supported by evidence of accelerated declines in
muscle mass, strength, and physical performance following a cancer diagnosis [37].
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Reduced muscle strength was the most prevalent impairment affecting 33% of patients, indicating a
substantial proportion at risk of developing sarcopenia. Muscle mass was reduced in 30% of patients
and as the most rapidly affected domain following a cancer diagnosis [37] and associated with
increased chemotherapy-related toxicity [38], this highlight the clinical importance of routine sarcopenia
screening before chemotherapy initiation in older adults with cancer [22]. In contrast, few patients met
the EWGSOP2 criteria for low physical performance, whereas more showed reduced performance
compared with Danish reference values, suggesting limited sensitivity of the EWGSOP2 cut-offs for early
gait speed impairment. The low prevalence may reflect a previously high functional level not yet
substantially affected by reductions in muscle strength and mass. Despite relatively preserved physical
performance, objectively measured physical activity was low, with few patients meeting current
recommendations [39, 40]. Although it is unclear whether inactivity was longstanding or recent, reduced
physical activity can rapidly affect muscle strength and mass [41], whereas declines in physical
performance emerge later consistent with the EWGSOP2 framework, with physical performance
determining severe sarcopenia [5].

Together, low physical activity and impairments in muscle strength and mass indicates a high risk of
further functional decline and sarcopenia progression. Assessment of physical activity therefore
provides an opportunity to identify modifiable risk factors and initiate targeted interventions, such as
prehabilitation, prior to treatment.

Beyond its established association with chemotherapy-related toxicity, postoperative complications, and
mortality [5, 7–11], chemotherapy may itself induce or accelerate sarcopenia [37, 42]. Accordingly,
patients in the present study may be at risk of further muscle declines during the chemotherapy
trajectory.

Discrepancies between EWGSOP2 cut-offs and Danish reference values were evident across sarcopenia
domains [29], which have also been reported previously [36]. The EWGSOP2 thresholds are based on
more extreme deviations from healthy reference population [5], whereas Danish reference values identify
impairment at lower deviations [29]. These methodological differences likely explain the higher
proportion of patients classified as impaired using population-based standards and suggest limited
sensitivity of EWGSOP2 cut-offs for detecting early decline in oncological populations.

Marked differences were also observed between frailty screening tools. As G8 classified a substantially
larger proportion of patients as frail than CFS, it likely reflects differences in tool design and intended
populations. Incorporating nutrition-related items, G8 is highly sensitive to weight- and muscle loss,
whereas CFS captures broader domains such as function, comorbidity, and cognition. In this oncological
context, with a relatively high prevalence of muscle deterioration, G8 may better reflect vulnerability
related to muscle health, whereas reliance on CFS may underestimate the risk of sarcopenia and muscle-
related vulnerability.

Strengths and limitations
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A key strength of this study is the comprehensive pre-treatment assessment using standardized,
objective measures of muscle strength, muscle mass, and physical performance. In addition, physical
activity was quantified objectively, allowing evaluation of activity levels beyond performance-based
testing. Unlike many previous studies of sarcopenia in oncology, muscle mass was not assessed in
isolation but interpreted alongside functional measures, allowing for a more clinically meaningful
characterization of sarcopenia. Furthermore, the use of EWGSOP2 cut-off values alongside Danish age-
and sex-specific reference data provided complementary perspectives from both an international
guideline framework and a population-based reference context.

A limitation of this study is the likely underrepresentation of the most vulnerable patients. Only one-third
of eligible patients consented to participate, and patients considered too frail for chemotherapy were
excluded. Moreover, missing data were more common among patients with illness, low surplus energy or
lack of physical or mental capacity, suggesting that missingness was predominantly not at random. Due
to the low recruitment rate, the study population may be affected by selection bias, as older adults with
higher levels of frailty or limited surplus energy are less likely to participate in clinical studies [43]. As a
result, the prevalence of sarcopenia in this study is likely underestimated.

Implications for practice and research
Notably, this study demonstrates that sarcopenia is common in older patients with colorectal cancer
already prior to chemotherapy initiation, even among patients considered fit for treatment and with
normal frailty score. Reliance on general functional measures such as ECOG PS or frailty screening tools
alone may therefore lead to under-recognition of clinically relevant muscle impairment [25, 26]. A
Systematic pre-treatment screening for sarcopenia may have the potential to identify patients at
increased risk of treatment-related toxicity, functional decline, and progression to severe sarcopenia [22,
38].

Overlooking impaired muscle health in the neoadjuvant and perioperative setting may contribute to
higher complication rates, delayed recovery, prolonged hospital stays, increased readmissions and
mortality [7, 8]. Moreover, overestimation of functional capacity may delay initiation of supportive
measures, including prehabilitation with exercise and nutritional optimization, and may result in
treatment decisions that exceed the patient’s physiological reserve, adversely affecting HRQoL and
independence [2, 13, 44].

Longitudinal studies are therefore needed to characterize trajectories of muscle strength, muscle mass,
and physical function during cancer treatment and to evaluate whether early screening and intervention
improve treatment tolerance and clinical outcomes. In addition, refinement of sarcopenia assessment
strategies and cut-off values tailored to oncological populations warrants further investigation.

Conclusion
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In this study sarcopenia was present in 12% of older patients with colorectal cancer already prior to
initiation of chemotherapy, and impairments in muscle strength (33%) and muscle mass (30%) were
highly prevalent compared to healthy counterparts. Muscle impairments were more frequent than
expected based on population reference values and were also observed in patients not screening
positive for frailty. These findings indicate that clinically relevant muscle impairment may already be
present at the time of treatment planning and underscore the importance of routine sarcopenia
screening.

Abbreviations
BMI
Body Mass Index
CFS
Clinical Frailty Scale
CI
Confidence interval
DXA
Dual-energy x-ray absorptiometry
ECOG PS
Eastern Cooperative Oncology Group Performance Status
EWGSOP2
European Working Group on Sarcopenia in Older People
G8
Geriatric-8
HGS
Hand Grip Strength
HRQoL
Health-related quality of life
IQR
Interquartile ranges
MVPA
Moderate to Vigorous Physical Activity
OR
Odds ratio
Q-Q
Quantile-quantile
SD
Standard deviations
10MWT
10-meter walking test

Page 13/22



30STS
30-Second Sit-To-Stand test

Declarations
Ethics approval and consent to participate

The study was carried out in accordance with the Declaration of Helsinki II [45]. The study has been
approved by the Regional Ethics Committee (j.nr. H-22064206) and the Danish Data Protection Agency
(P-202386).

Written informed consent was obtained from all participants prior to inclusion.

Consent for publication

Not applicable.

Availability of data and materials

Data of study results in anonymized form is available for use upon reasonable request.

Competing interests

All authors declare that they have no relevant financial or non-financial interests to disclose. 

Funding

This study was supported by grants from Copenhagen University Hospital - Rigshospitalet Research
Fund (grant number R239-A10.335), The Danish Health Foundation (grant number 22-B-0280), Danish
Physiotherapists Research Foundation (grant numbers R68-A1777, R56-A1418, R39-A1114), and The
Dagmar Marshalls Foundation, Einar Willumsens Foundation, L.F. Foghts Foundation (grant number
22286), Johannes Fog’s Foundation (grant number 2024-0082), and Th. Maigaard’s Successor Mrs. Lily
Benthine Lund’s Foundation. The funding sources had no role in the design of the study nor its execution,
data analyses, interpretation of the data, or the decision to publish or disseminate the results.

Author contributions

Roles and Responsibilities 

KSP, CML, CS and JC designed the study. All authors contributed to the design of the intervention and the
decision of outcome measures. KSP, CS, and JC were primarily responsible for developing the statistical
analysis plan. All authors contributed to the development of standard operating procedures. KSP, CS, and
JC drafted the manuscript, and all authors reviewed and applied feedback. All authors have read and
approved the final version of the manuscript.

Page 14/22



CRediT authorship contribution statement 

Katrine Storm Piper: Conceptualization, Data curation, Formal analysis, Funding acquisition,
Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation,
Visualization, Writing – original draft, Writing – review & editing. Cecilia Lund: Conceptualization, Data
curation, Formal analysis, Funding acquisition, Investigation, Methodology, Project administration,
Resources, Software, Supervision, Validation, Visualization, Writing – original draft, Writing – review &
editing. Troels Gammeltoft Dolin: Conceptualization, Data curation, Formal analysis, Methodology,
Software, Validation, Visualization, Writing – original draft, Writing – review & editing. Jakob Vasehus
Schou: Conceptualization, Formal analysis, Funding acquisition, Methodology, Supervision, Writing –
original draft, Writing – review & editing. Casper Simonsen: Conceptualization, Validation, Resources,
Writing – review & editing. Hanne Elkjær Andersen: Conceptualization, Formal analysis, Investigation,
Methodology, Project administration, Supervision, Writing – original draft, Writing – review & editing.
Charlotte Suetta: Conceptualization, Data curation, Formal analysis, Funding acquisition, Methodology,
Resources, Supervision, Validation, Writing – original draft, Writing – review & editing. Jan
Christensen: Conceptualization, Data curation, Formal analysis, Funding acquisition, Investigation,
Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing
– original draft, Writing – review & editing.

Acknowledgements

We wish to express our gratitude to all participating patients for dedicating their time to this study, and to
the patient panel for their valuable insights and guidance throughout the project. We also acknowledge
the Department of Clinical Physiology and Nuclear Medicine, Copenhagen University Hospital, Herlev and
Gentofte for providing facilities to perform DXA scans. Special thanks are extended to the staff from the
outpatient clinics at the Department of Oncology, Copenhagen University Hospital, Herlev and Gentofte
and Copenhagen University Hospital, Rigshospitalet, and the Department of Occupational Therapy and
Physiotherapy, Copenhagen University Hospital, Rigshospitalet, for their support in patient recruitment
and assessment.

References
1. Bray F, Laversanne M, Sung H, Ferlay J, Siegel RL, Soerjomataram I, et al. Global cancer statistics

2022: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries.
CA Cancer J Clin. 2024;74(3):229-63.

2. Hurria A, Togawa K, Mohile SG, Owusu C, Klepin HD, Gross CP, et al. Predicting chemotherapy
toxicity in older adults with cancer: a prospective multicenter study. J Clin Oncol. 2011;29(25):3457-
65.

3. Sarfati D, Koczwara B, Jackson C. The impact of comorbidity on cancer and its treatment. CA
Cancer J Clin. 2016;66(4):337-50.

Page 15/22



4. Arends J, Bachmann P, Baracos V, Barthelemy N, Bertz H, Bozzetti F, et al. ESPEN guidelines on
nutrition in cancer patients. Clin Nutr. 2017;36(1):11-48.

5. Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyère O, Cederholm T, et al. Sarcopenia: revised
European consensus on definition and diagnosis. Age Ageing. 2019;48(1):16-31.

6. Baracos VE, Martin L, Korc M, Guttridge DC, Fearon KCH. Cancer-associated cachexia. Nat Rev Dis
Primers. 2018;4:17105.

7. Keshavjee S, McKechnie T, Shi V, Abbas M, Huang E, Amin N, et al. The Impact of Sarcopenia on
Postoperative Outcomes in Colorectal Cancer Surgery: An Updated Systematic Review and Meta-
Analysis. Am Surg. 2025:31348251329748.

8. Couderc AL, Liuu E, Boudou-Rouquette P, Poisson J, Frelaut M, Montégut C, et al. Pre-Therapeutic
Sarcopenia among Cancer Patients: An Up-to-Date Meta-Analysis of Prevalence and Predictive
Value during Cancer Treatment. Nutrients. 2023;15(5).

9. Beaudart C, Alcazar J, Aprahamian I, Batsis JA, Yamada Y, Prado CM, et al. Health outcomes of
sarcopenia: a consensus report by the outcome working group of the Global Leadership Initiative in
Sarcopenia (GLIS). Aging Clin Exp Res. 2025;37(1):100.

10. Simonsen C, de Heer P, Bjerre ED, Suetta C, Hojman P, Pedersen BK, et al. Sarcopenia and
Postoperative Complication Risk in Gastrointestinal Surgical Oncology: A Meta-analysis. Ann Surg.
2018;268(1):58-69.

11. Rier HN, Jager A, Sleijfer S, Maier AB, Levin MD. The Prevalence and Prognostic Value of Low
Muscle Mass in Cancer Patients: A Review of the Literature. Oncologist. 2016;21(11):1396-409.

12. Abellan van Kan G, Rolland Y, Andrieu S, Bauer J, Beauchet O, Bonnefoy M, et al. Gait speed at usual
pace as a predictor of adverse outcomes in community-dwelling older people an International
Academy on Nutrition and Aging (IANA) Task Force. J Nutr Health Aging. 2009;13(10):881-9.

13. Montero-Odasso M, van der Velde N, Martin FC, Petrovic M, Tan MP, Ryg J, et al. World guidelines for
falls prevention and management for older adults: a global initiative. Age and Ageing. 2022;51(9).

14. Chen B, Wang M, He Q, Wang Y, Lai X, Chen H, et al. Impact of frailty, mild cognitive impairment and
cognitive frailty on adverse health outcomes among community-dwelling older adults: A systematic
review and meta-analysis. Frontiers in medicine. 2022;9:1009794.

15. Hoogendijk EO, Afilalo J, Ensrud KE, Kowal P, Onder G, Fried LP. Frailty: implications for clinical
practice and public health. Lancet. 2019;394(10206):1365-75.

16. Morley JE, Vellas B, van Kan GA, Anker SD, Bauer JM, Bernabei R, et al. Frailty consensus: a call to
action. J Am Med Dir Assoc. 2013;14(6):392-7.

17. Rockwood K, Song X, MacKnight C, Bergman H, Hogan DB, McDowell I, et al. A global clinical
measure of fitness and frailty in elderly people. Cmaj. 2005;173(5):489-95.

18. Rockwood K, Theou O. Using the Clinical Frailty Scale in Allocating Scarce Health Care Resources.
Can Geriatr J. 2020;23(3):210-5.

Page 16/22



19. Dale W, Klepin HD, Williams GR, Alibhai SMH, Bergerot C, Brintzenhofeszoc K, et al. Practical
Assessment and Management of Vulnerabilities in Older Patients Receiving Systemic Cancer
Therapy: ASCO Guideline Update. J Clin Oncol. 2023;41(26):4293-312.

20. Bellera CA, Rainfray M, Mathoulin-Pélissier S, Mertens C, Delva F, Fonck M, et al. Screening older
cancer patients: first evaluation of the G-8 geriatric screening tool. Ann Oncol. 2012;23(8):2166-72.

21. Dent E, Morley JE, Cruz-Jentoft AJ, Arai H, Kritchevsky SB, Guralnik J, et al. International Clinical
Practice Guidelines for Sarcopenia (ICFSR): Screening, Diagnosis and Management. J Nutr Health
Aging. 2018;22(10):1148-61.

22. Bauer J, Morley JE, Schols A, Ferrucci L, Cruz-Jentoft AJ, Dent E, et al. Sarcopenia: A Time for
Action. An SCWD Position Paper. J Cachexia Sarcopenia Muscle. 2019;10(5):956-61.

23. Cruz-Jentoft AJ, Sayer AA. Sarcopenia. Lancet. 2019;393(10191):2636-46.

24. ECOG-ACRIN. ECOG Performance Status Scale 2018-2025 [cited 2025 Nov. 23]. Available from:
https://ecog-acrin.org/resources/ecog-performance-status/.

25. Simcock R, Wright J. Beyond Performance Status. Clin Oncol (R Coll Radiol). 2020;32(9):553-61.

26. Magnuson A, Loh KP, Stauffer F, Dale W, Gilmore N, Kadambi S, et al. Geriatric assessment for the
practicing clinician: The why, what, and how. CA Cancer J Clin. 2024.

27. Piper KS, Suetta C, Schou JV, Ryg J, Andersen HE, Langevad LV, et al. The SaVe project - Sarcopenia
and Vertigo in aging patients with colorectal cancer: A study protocol for three randomized
controlled trials. J Geriatr Oncol. 2024;15(4):101770.

28. Alcazar J, Kamper RS, Aagaard P, Haddock B, Prescott E, Ara I, et al. Relation between leg extension
power and 30-s sit-to-stand muscle power in older adults: validation and translation to functional
performance. Scientific reports. 2020;10(1):16337.

29. Suetta C, Haddock B, Alcazar J, Noerst T, Hansen OM, Ludvig H, et al. The Copenhagen Sarcopenia
Study: lean mass, strength, power, and physical function in a Danish cohort aged 20-93 years. J
Cachexia Sarcopenia Muscle. 2019;10(6):1316-29.

30. Roberts HC, Denison HJ, Martin HJ, Patel HP, Syddall H, Cooper C, et al. A review of the
measurement of grip strength in clinical and epidemiological studies: towards a standardised
approach. Age Ageing. 2011;40(4):423-9.

31. Jones CJ, Rikli RE, Beam WC. A 30-s chair-stand test as a measure of lower body strength in
community-residing older adults. Research quarterly for exercise and sport. 1999;70(2):113-9.

32. Watson MJ. Refining the Ten-metre Walking Test for Use with Neurologically Impaired People.
Physiotherapy. 2002;88(7):386-97.

33. Choi L, Liu Z, Matthews CE, Buchowski MS. Validation of accelerometer wear and nonwear time
classification algorithm. Medicine and science in sports and exercise. 2011;43(2):357-64.

34. Dolin TG, Mikkelsen MK, Jakobsen HL, Vinther A, Zerahn B, Nielsen DL, et al. The prevalence of
sarcopenia and cachexia in older patients with localized colorectal cancer. J Geriatr Oncol.
2023;14(1):101402.

Page 17/22



35. Petermann-Rocha F, Balntzi V, Gray SR, Lara J, Ho FK, Pell JP, et al. Global prevalence of sarcopenia
and severe sarcopenia: a systematic review and meta-analysis. J Cachexia Sarcopenia Muscle.
2022;13(1):86-99.

36. Van Ancum JM, Alcazar J, Meskers CGM, Nielsen BR, Suetta C, Maier AB. Impact of using the
updated EWGSOP2 definition in diagnosing sarcopenia: A clinical perspective. Arch Gerontol Geriatr.
2020;90:104125.

37. Williams GR, Chen Y, Kenzik KM, McDonald A, Shachar SS, Klepin HD, et al. Assessment of
Sarcopenia Measures, Survival, and Disability in Older Adults Before and After Diagnosis With
Cancer. JAMA Network Open. 2020;3(5):e204783-e.

38. Jung HW, Kim JW, Kim JY, Kim SW, Yang HK, Lee JW, et al. Effect of muscle mass on toxicity and
survival in patients with colon cancer undergoing adjuvant chemotherapy. Support Care Cancer.
2015;23(3):687-94.

39. WHO Guidelines Approved by the Guidelines Review Committee. WHO Guidelines on Physical
Activity and Sedentary Behaviour. Geneva: World Health Organization © World Health Organization
2020.; 2020.

40. Tudor-Locke C, Craig CL, Aoyagi Y, Bell RC, Croteau KA, De Bourdeaudhuij I, et al. How many
steps/day are enough? For older adults and special populations. International Journal of Behavioral
Nutrition and Physical Activity. 2011;8(1):80.

41. Suetta C, Hvid LG, Justesen L, Christensen U, Neergaard K, Simonsen L, et al. Effects of aging on
human skeletal muscle after immobilization and retraining. J Appl Physiol (1985).
2009;107(4):1172-80.

42. Oflazoglu U, Alacacioglu A, Varol U, Kucukzeybek Y, Salman T, Taskaynatan H, et al. Chemotherapy-
induced sarcopenia in newly diagnosed cancer patients: Izmir Oncology Group (IZOG) study.
Support Care Cancer. 2020;28(6):2899-910.

43. Sedrak MS, Freedman RA, Cohen HJ, Muss HB, Jatoi A, Klepin HD, et al. Older adult participation in
cancer clinical trials: A systematic review of barriers and interventions. CA Cancer J Clin.
2021;71(1):78-92.

44. Lund CM, Vistisen KK, Dehlendorff C, Rønholt F, Johansen JS, Nielsen DL. Age-dependent
differences in first-line chemotherapy in patients with metastatic colorectal cancer: the DISCO study.
Acta Oncol. 2018;57(11):1445-54.

45. World Medical Association Declaration of Helsinki: Ethical Principles for Medical Research Involving
Human Participants. Jama. 2025;333(1):71-4.

Figures

Page 18/22



Figure 1

Flowchart of patient inclusion and reasons for not participating.
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Figure 2

Venn diagram of distribution of patients according to EWGSOP2 criteria of low muscle strength, low
muscle mass, and low performance showing the total number of patients with complete data (n = 106)
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Figure 3

a Distribution of patients with normal (green), reduced (yellow), and severely reduced (red) handgrip
strength (HGS) according to Danish reference material [38]

b Distribution of patients with normal (green), reduced (yellow), and severely reduced (red) 30-seconds
sit-to-stand (30STS) according to Danish reference material [38]
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c Distribution of patients with normal (green), reduced (yellow), and severely reduced (red) habitual gait
speed (10MWT) according to Danish reference material [38]

Figure 4

Overlap between sarcopenia and frailty screened by the CFS and the G8. Bars represent proportions of
patients with and without sarcopenia within frailty and non-frailty categories.

Supplementary Files

This is a list of supplementary files associated with this preprint. Click to download.

Supplementarymaterial.docx

Page 22/22

https://assets-eu.researchsquare.com/files/rs-10699331/v1/54a1fbf49c8d65d0f6cbc142.docx

