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Introduction: Emerging evidence suggests that diminished skeletal muscle mass is associated with lower
health-related quality of life (HRQOL) in individuals with cancer. There are no studies that we know of in the
literature that use ultrasound system to evaluate muscle mass and its relationship with HRQOL.
Objective: The aim of our study was to evaluate the relationship between HRQOL determined by the EuroQol-
5D tool and muscle mass determined by an artificial intelligence�based ultrasound system at the rectus fem-
oris (RF) level in outpatients with cancer.
Material and methods: Anthropometric data by bioimpedance (BIA), muscle mass by ultrasound by an artifi-
cial intelligence�based at the RF level, biochemistry determination, dynamometry and HRQOL were
measured.
Results: A total of 158 patients with cancer were included with a mean age of 70.6 §9.8 years. The mean body
mass index was 24.4 § 4.1 kg/m2 with a mean body weight of 63.9 § 11.7 kg (38% females and 62% males). A
total of 57 patients had a severe degree of malnutrition (36.1%). The distribution of the location of the tumors
was 66 colon-rectum cancer (41.7%), 56 esophageal-stomach cancer (35.4%), 16 pancreatic cancer (10.1%),
and 20.2% other locations. A positive correlation cross-sectional area (CSA), muscle thickness (MT), pennation
angle, (BIA) parameters, and muscle strength was detected. Patients in the groups below the median for the
visual scale and the EuroQol-5D index had lower CSA and MT, BIA, and muscle strength values. CSA (beta
4.25, 95% CI 2.03�6.47) remained in the multivariate model as dependent variable (visual scale) and muscle
strength (beta 0.008, 95% CI 0.003�0.14) with EuroQol-5D index. Muscle strength and pennation angle by US
were associated with better score in dimensions of mobility, self-care, and daily activities.
Conclusion: CSA, MT, and pennation angle of RF determined by an artificial intelligence�based muscle ultra-
sound system in outpatients with cancer were related to HRQOL determined by EuroQol-5D.

© 2025 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)
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Introduction

Malnutrition frequently appears in patients with cancer due to
their oncological process and the treatments received, such as
surgery, radiotherapy, or chemotherapy [1]. This malnutrition is
associated with an excess of morbidity and mortality [2], a higher
risk of complications [3], prolonged hospital stays [4], poorer
responses to the aforementioned adjuvant treatments [4], and a
decrease in health-related quality of life (HRQOL) [5]. Suboptimal
levels of certain body composition parameters, particularly
reductions in skeletal muscle mass (SMM), have been identified
as prognostic indicators of adverse oncological outcomes. These
include diminished overall survival rates, as demonstrated in
multiple studies [6,7], reduced disease-free survival durations
[8,9], heightened incidence of postoperative complications
[10,11], and exacerbated chemotherapy-related toxicity [12,13].
Consequently, the assessment of body composition has emerged
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as a critical methodological approach in contemporary oncology
research.

Conventional endpoints such as morbidity and mortality are
now being augmented by alternative outcome measures in
patients with cancer, as advancements in life-prolonging cancer
therapies have led to significant improvements in survival rates
[14,15]. This shift has elevated the importance of evaluating
HRQOL as a critical component for assessing the impact of health-
care interventions [16]. HRQOL is a subjective and multidimen-
sional construct that encompasses key domains of physical health,
psychological well-being, social interactions, and functional capac-
ity [17]. Both the diagnosis and treatment of cancer can disrupt
these interconnected domains, leading to profound effects on over-
all HRQOL [18]. Emerging evidence suggests that diminished SMM,
as assessed through computed tomography (CT) imaging analysis,
is associated with lower HRQOL in individuals with cancer [19].
This association is hypothesized to arise from the interrelationship
between reduced muscular strength, compromised physical func-
tionality, and their subsequent impact on independence and emo-
tional well-being [20]. Moreover, muscle ultrasound, a novel
technique for assessing muscle mass, is gaining recognition as a
valuable tool for quantifying muscle status in the context of malnu-
trition [21]. Compared to methods such as CT, ultrasound offers
distinct advantages, including cost-effectiveness, portability, and
non-invasive application [22]. A significant limitation of muscle
ultrasound lies in the substantial interobserver variability observed
during its application. To address this challenge, automated inter-
pretation systems leveraging artificial intelligence algorithms have
the potential to standardize the results obtained through muscle
ultrasound. These systems can facilitate consistency and ensure
that the results align accurately with the interpretations made by
radiologists from the original imaging data [23]. As far as we can
know, there are no studies in the literature on outpatient patients
with cancer that use an artificial intelligence�based muscle ultra-
sound system to evaluate muscle mass and its relationship with
HRQOL.

The aim of our study was to evaluate the relationship between
HRQOL determined by EuroQol-5D tool and muscle mass deter-
mined by an artificial intelligence�based muscle ultrasound sys-
tem in outpatients with cancer and also other conventional
parameters for assessing nutritional status.
Material and methods

Population

Data were collected prospectively, and the study was conducted in a single
hospital with outpatient oncology patients previous to surgery treatment. A total
of 158 outpatients of both sexes between the ages of 30 and 70 years with cancer
and malnutrition were included. Malnutrition was evaluated with (Global Leader-
ship Initiative on Malnutrition) (GLIM) criteria. Before collecting all clinical, bio-
chemical, and quality of life data from the patients, inclusion criteria were verified,
and exclusion criteria were ruled out. Patients were excluded if they had a formal
contraindication for oral nutrition, a life expectancy of less than 6 months, a surgi-
cal intervention in the 3 months prior to the visit, any other unspecified pathology
or condition that the investigator deemed likely to interfere with the implementa-
tion of the protocol. The HCUV Clinical Trials Committee (pi17-491) approved the
study, and patients signed an informed consent form before beginning the study
protocol.
Procedures

At the beginning of recruitment in the study, the following variables were col-
lected: body weight, height, body mass index (BMI), GLIM stage, nutritional bio-
chemistry, bioimpedance (BIA), ultrasound parameters of rectus femoris (RF)
muscle, dynamometry and quality of life using the EuroQol-5D test [24].
Biochemical procedures

At baseline, fasting blood samples were drawn to measure C-reactive protein
(CRP), albumin, prealbumin, and transferrin (Hitachi, ATM, Manheim, Germany).
The ratio of active protein/prealbumin was calculated in order to assess inflamma-
tory status.

Anthropometry, BIA, and dynamometry

Body height (in cm) was assessed utilizing a calibrated stadiometer (Omron,
LA, CA, USA), and body weight was obtained using a digital scale (Omron, LA, CA,
USA). BMI was derived by dividing body weight in kilograms by the square of
height in meters. Total body fat mass was quantified through bioelectrical imped-
ance analysis (accuracy § 5 g) [24] using the EFG BIA 101 Anniversary device
(Akern, Italy). Bioimpedance (BIA) assessed the components of impedance, includ-
ing resistance (Rz), reactance (Xc), and phase angle (PhA), with PhA calculated as
([Xc/Rz] £ (180°/p)). The BIA provided data regarding fat mass, fat-free mass,
SMM, appendicular muscle mass (aSMM), and aSMM index (aSMMI) as SMMI
divided by squared height [25]. The diagnostic thresholds for low muscle mass
were defined in accordance with the European Working Group on Sarcopenia in
Older People (EWGSOP2) criteria, specifying ASMI < 7 kg/m2 for men and ASMI <
5.5 kg/m2 for women [26].

Muscle functionality was evaluated through handgrip strength measurements
using a JAMAR dynamometer (Basel, Switzerland). For the assessment, participants
were seated with their arms positioned at a 90-degree angle relative to the fore-
arm and conducted the dynamometry test using their dominant hand.

Ultrasound procedure

Ultrasound assessments were performed on the dominant leg, specifically tar-
geting the right RF, using a portable ultrasound device equipped with a 4- to 10-cm
linear probe (Mindray Z60, Madrid, Spain). Measurements were taken from the ante-
rior thigh while the patient lay supine with knees fully extended and relaxed. The
imaging site was standardized to two-thirds of the femur’s length, measured from
the anterior superior iliac spine to the upper border of the patella. The acquired ultra-
sound images were processed using an artificial intelligence�driven system
(PIIXMED) developed by DAWAKO Medtech S.L. (Valencia, Spain) (Fig. 1). These
cloud-based application advantages convolutional neural networks with a U-Net
architecture for automatic segmentation of regions of interest (ROIs), visually marked
in green. Yellow lines represent three distinct muscle thickness (MT) measurements,
which are averaged to calculate the final thickness. The contraction phase applies
repeated 3 £ 3 convolutions with rectified linear unit activations, followed by 2 £ 2
max pooling with a stride of 2 to progressively reduce resolution. The software pro-
vides MT values along with quality indices derived from echo-intensity histograms,
offering detailed structural and compositional muscle data. The following parameters
were measured in the dominant leg; the cross-sectional area (CSA) in cm2, the Y-axis
(Transverse MT) in millimeters (mm), muscle circumference, and the pennation
angle in degrees was determined as the angle between the muscle fibers and the
lower aponeurosis. Muscle quality indices were derived using a multithresholding
algorithm, which relies on histogram echogenicity and grey intensity to establish
thresholds that classify the pixels in an ultrasound image into distinct categories.
This algorithm identifies threshold values for three specific classes: muscle (Mi
index), fat (FATi index), and other complex structures such as collagen, connective
tissue, and fibrosis (NMNFi index) [27,28]. This AI system has been validated with an
intraclass correlation coefficient for reliability and consistency analysis of 0.960 and
95% CI [0.941�0.973] for MT, and 0.995 and 95% CI [0.993�0.997] for CSA [23].

Health-related quality of life EuroQol-5D test

EuroQol-5D test is validated and standardized for describing and evaluating
HRQOL, it is a very useful and quick tool to perform in routine clinical practice
with five questions. The questionnaire describes health status in terms of five
dimensions: mobility, self-care, daily activities, pain or discomfort, and anxiety or
depression. Each of these dimensions is divided into three levels of severity (no
problems, some problems, and extreme problems). These data are later converted
into a single general score (EQ-5D index) using a predefined value table [24]. The
index ranges from 1 (best health status) to 0 (worst health status). The test also
has a visual scale that goes from 0 (worst quality) to 100 (best quality).

Statistical analysis

A sample size calculation was conducted considering an improvement a posi-
tive correlation of EuroQol-5D test with CSA of RF, yielding a sample size of
(n = 150), with a type I error < 0.05 and a statistical power of 80%. Categorical vari-
ables were expressed as percentages (%). The normality of continuous variables
was evaluated using the Kolmogorov�Smirnov test. Continuous variables were
presented as means § standard deviation. Parametric variables were compared
using the Student’s t test for both paired and unpaired data, while non-parametric



Fig. 1. The figure presents an example of two patients with cancer with ultrasound
images of the Rectus Femoris muscle captured in the transverse plane. The muscle
belly’s automatically segmented ROI is highlighted in green, while yellow lines rep-
resent the three measurements of muscle thickness used to calculate the average
thickness value.

Table 1
Ultrasound and BIA parameters of patients with cancer (mean § SD)

Parameters Mean § SD

Phase angle (°) 5.1 § 0.9
Resistance ohms 568.2 § 99.7
Reactance ohms 50.2 § 12.1
Fat mass (kg) 17.7 § 3.5
Fat free mass (kg) 46.2 § 8.9
SMM (kg) 22.9 § 6.1
aSMM (kg) 16.7 § 4.3
aSMMI (kg/m2) 8.9 § 0.9
CSA RF (cm2/m2) 2.95 § 1.1
MT RF (cm) 1.62 § 0.6
MC RF (cm) 7.6 § 1.2
Pennation angle (°) 6.8 § 2.1
Mi 0.44 § 0.1
FATi 0.41 § 0.1
NMNFi 0.15 § 0.1

CSA, cross-sectional area; FATi, fat index; MT, muscle thickness; MC, muscle circum-
ference; Mi, muscular index; NMNFi, no muscular no at index; RF, rectus femoris.

Table 2
Biochemical parameters in patients with cancer (mean § SD)

Parameters Mean § SD

CRP (mg/dL) 6.3 § 1.2
Albumin (g/dL) 4.6 § 0.4
Prealbumin (mg/dL) 119.7 § 23.6
Transferrin (mg/dL) 53.1 § 9.6
Ratio CRP/prealbumin (mg/dL) 118.4 § 21.7

CRP, C reactive protein.
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variables were analyzed using the Kruskal�Wallis test and the Mann�Whitney U-
test. Differences in categorical variables were assessed using the chi-square test.
We performed a linear regression multivariate stepwise for the effect of the differ-
ent variables that were statistically related to quality of life, adjusted for age, sex,
tumor location and body weight. A P value <0.05 was considered statistically sig-
nificant. Data analysis was conducted using SPSS software version 23.0 (SPSS Inc.,
Chicago, IL, USA).

Results

In total, 158 patients with cancer were included with a mean
age of 70.6 §9.8 years. The mean BMI was 24.4 § 4.1 kg/m2 with a
mean body weight of 63.9 § 11.7 kg. The distribution by sex was:
60 women (38%) and 98 men (62%). A total of 57 patients had a
severe degree of malnutrition according to GLIM criteria (36.1%)
and 101 (63.9%) a moderate degree of malnutrition. The distribu-
tion of the location of the tumors was 66 colon-rectum cancer
(41.7%), 56 esophageal-stomach cancer (35.4%), 16 pancreatic can-
cer (10.1%), and 20 in other locations such as (bladder, lung, breast,
etc.) (20.2%). At the time of the nutritional evaluation, none of the
patients had received surgical treatment for their oncological pro-
cess, 33 (10.4%) had received radiotherapy at least 3 months before
the evaluation, and 92 (58.2%) chemotherapy in the same period.

Table 1 shows the ultrasound parameters of the quadriceps RF
and BIA variables. According to the EWGSOP2 criteria, 43 patients
presented sarcopenia (27.2%). Table 2 shows the biochemical varia-
bles, showing normal albumin levels above 3 g/dL, but elevated
CRP levels above 3 mg/dL, indicating an inflammatory status, typi-
cal of the cancer patient.

After performing the EuroQol-5D test, the visual scale gave an
average of 65.3 § 14.5 points (100 points is the best), and the
EQ5D index of 0.82 § 0.09 points (1.0 is full health). The question-
naire showed health status in terms of five dimensions: mobility
(no problems 88.2%, some problems 10.4%, and extreme problems
1.4%), self-care (no problems 91%, some problems 8.3%, and
extreme problems 0.7%), daily activities (no problems 88.9%, some
problems 9.0%, and extreme problems 2.1%), pain or discomfort
(no problems 79.9%, some problems 19.4%, and extreme problems
0.7%), and anxiety or depression (no problems 64.6%, some prob-
lems 30.6%, and extreme problems 4.9%). In each of the 5 areas of
the EQ we dichotomize the patients into (no problems) vs. (some
problems plus extreme problems). The analysis in terms of each
five dimensions reported differences in the following parameters:
mobility (dynamometry (25.7 § 4.3 kg vs. 20.2 § 4.5 kg;P = 0.001)
and pennation angle by US (7.01 § 1.1° vs. 5.42 § 1.4°; P = 0.001)),
self-care (dynamometry (25.5 § 8.3 kg vs. 20.0 § 6.5 kg; P = 0.001)
and pennation angle by US (6.98 § 2.1° vs. 5.11 § 1.3 °; P = 0.001)),
daily activities (dynamometry (25.7 § 5.2 kg vs. 19.4 § 4.52 kg;
P = 0.001) and pennation angle by US (7.04 § 1.0° vs. 5.07 § 2.0 °;
P = 0.001)), and anxiety or depression (CSA RF (3.2 § 0.9 cm vs. 2.6
§ 0.4 cm; P = 0.01) and MT RF (1.00 § 0.1 cm vs. 0.89 § 0.1 cm;
P = 0.01)). No differences were found in any parameter when
dichotomizing the pain dimension

A correlation analysis was performed among the two parame-
ters of the EuroQol-5D test and biochemical, anthropometric, and
ultrasound parameters (Table 3). This analysis shows positive cor-
relations with RF ultrasound values (CSA, MT, and pennation
angle), BIA (phase angle, SMM, ASMM, aSMMi), muscle strength,
and negative with CRP and the CRP/prealbumin ratio.



Table 3
Correlation analysis between PhA and ultrasound and biochemical parameters in patients with cancer

Parameters VISUAL scale Parameters EQ-5D index

CSA RF (cm2/m2) r = 0.32, P = 0.001 CSA RF (cm2/m2) r = 0.18, P = 0.01
MT RF (cm) r = 0.31, P = 0.001 MT RF (cm) r = 0.15, P = 0.01
Pennation angle (°) r = 0.12, P = 0.05 Pennation angle (°) r = 0.14, P = 0.04
Body weight (kg) r = 0.21, P = 0.008 Body weight (kg) r = 0.14, P = 0.02
Dynamometry kg r = 0.24, P = 0.002 Dynamometry kg r = 0.22, P = 0.001
Phase Angle (°) r = 0.27, P = 0.001 Phase angle (°) r = 0.28, P = 0.001
SMM (kg) r = 0.15, P = 0.02 SMM (kg) r = 0.18, P = 0.03
aSMM (kg) r = 0.16, P = 0.03 aSMM (kg) r = 0.15, P = 0.04
aSMMI (kg/m2) r = 0.11, P = 0.01 aSMMI (kg/m2) r = 0.11, P = 0.04
Reactive C protein (g/dL) r = �0.19, P = 0.02 Reactive C protein (g/dL) r = �0.59, P = 0.001
Ratio CRP/prealbumin r = �0.10, P = 0.13 Ratio CRP/Prealbumin r = �0.50, P = 0.001

aSMM, appendicular skeletal muscle mass; aSMMi, appendicular skeletal muscle mass index; CRP, C reactive protein; CSA, cross-sectional area; FATi, fat index; MC, muscle
circumference; Mi, muscular index; MT, muscle thickness; NMNFi, no muscular no at index; RF, rectus femoris; SMM, skeletal muscle mass.
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We divided the sample by the median of the EuroQol-5D test
scores (visual scale, 60 points) and by the median of the EQ5D
index (0.85 points). Patients in the groups below the median value
for the visual scale score and the Eq5D index had lower RF ultra-
sound values (CSA and MT), BIA (phase angle, SMM, ASMM,
aSMMi), muscle strength values, and higher values of CRP and the
CRP/prealbumin ratio than patients in the group with the highest
quality of life scores (Table 4). There were no differences in the dis-
tribution of tumors in the groups, nor in the mean age of the
patients, nor in the gender distribution.

Stepwise multivariate linear regression adjusted by age, sex,
tumor location, and body weight were used to investigate the
determinants of visual scale of quality of life and EQ5D index. In
the first multivariate model, variables related to visual scale in the
univariate analysis (P < 0.05) were included. CSA determined by
an artificial intelligence�based muscle ultrasound system (beta
4.25, 95% CI 2.03�6.47) remained in the model as dependent vari-
able. In the second multivariate model (EQ5D index), muscle
strength by dynamometry (beta 0.008, 95% CI 0.003�0.14)
remained in the model as dependent variable

Discussion

This is the first study evaluating the association between
HRQOL and RF muscle mass determined by an artificial intelligen-
ce�based muscle ultrasound system in outpatients with cancer.
Table 4
Analysis of parameters with the sample divided by the median of the EQ5D test scores (v
with cancer

Parameters Low visual scale n = 79 High visual scale n = 79

Colon-rectum cancer% 31.6% 34.9%
Esophageal-stomach cancer % 49.7% 47.7%
Pancreatic cancer % 9.5% 9.1%
CS RF (cm2/m2) 2.56 § 0.8 3.44 § 1.0
MT RF (cm) 0.85 § 0.2 1.11 § 0.1
Body weight (kg) 60.7 § 10.8 68.2 § 8.0
Dinamometry kg 22.9 § 7.8 27.2 § 6.0
Phase angle (°) 4.9 § 0.3 5.3 § 0.1
SMM (kg) 21.1 § 2.1 23.9 § 1.3
aSMM (kg) 15.8 § 2.6 17.8 § 1.7
aSMMI (kg/m2) 6.1 § 1.3 6.5 § 1.2
CRP m (g/dL) 7.2 § 2.7 13.8 § 2.2
Ratio CRP/prealbumin 0.48 § 0.1 0.67 § 0.2
Pennation angle (°) 6.6 § 2.1 7.2 § 1.6
Mi 0.43 § 0.07 0.45 § 0.06
FATi 0.41 § 0.06 0.40 § 0.05
NMNFi 0.17 § 0.05 0.14 § 0.01

aSMM, appendicular skeletal muscle mass; aSMMi, appendicular skeletal muscle mass in
circumference; Mi, muscular index; MT, muscle thickness; NMNFi, no muscular no at inde
Our study showed that HRQOL determined by EQol5D was corre-
lated with CSA, MT, pennation angle, and other BIA parameters.
Furthermore, muscle strength and pennation angle by US were
associated with better score in dimensions of mobility, self-care,
and daily activities, too.

Some previous studies have shown the good relationship
between RF and BIA muscle ultrasound parameters [29]. On the
other hand, ultrasonography has advantages over CT; a technique
usually used in coronary composition, since it is a faster, cheaper
technique and does not require ionizing radiation. Interobserver or
intraobserver variability can be reduced by using artificial intelli-
gence systems, such as the one used in our work [23]. HRQOL is a
multidimensional concept that includes domains related to health
status and life expectancy. Therefore, HRQOL depends on both the
physical and psychological condition of patients, and both factors
can in turn influence nutritional status [30]. The number of generic
or specific tools available in the literature and used for research
protocols or clinical activities is countless. However, here we want
to focus on a particularly simple tool, quick to administer, widely
used in the literature, generic in nature, and therefore capable of
covering the entire spectrum of patients with cancer. The used tool
in our design is the EuroQol-5 Dimension (EuroQol-5D), which,
precisely because of these characteristics, can be used as a screen-
ing tool even for large populations. Its ease and speed of adminis-
tration make it suitable for elderly and/or very debilitated patients,
and, lastly, it can be used in various settings: inpatient care,
isual scale, 60 points) and by the median of the EQ 5 index (0.85 points) in patients

P Low EQ-5D index n = 79 High EQ-5D index n = 79 P

0.45 28.5% 31.4% 0.47
0.53 45.9% 40.9% 0.51
0.68 10.2% 8.2% 0.60
0.01 2.72 § 0.6 3.23 § 0.2 0.03
0.01 0.90 § 0.2 0.99 § 0.1 0.02
0.01 64.1 § 7.8 64.6 § 8.1 0.40
0.02 23.2 § 4.8 25.6 § 3.0 0.03
0.01 4.8 § 0.3 5.3 § 0.2 0.01
0.01 22.3 § 1.1 23.3 § 313 0.04
0.01 16.8 § 2.1 18.8 § 1.7 0.03
0.02 6.2 § 1.4 6.5 § 1.0 0.03
0.01 7.1 § 2.9 16.8 § 4.2 0.01
0.01 0.41 § 0.1 0.81 § 0.2 0.01
0.02 6.6 § 1.1 6.9 § 1.2 0.04
0.11 0.42 § 0.07 0.44 § 0.05 0.21
0.12 0.42 § 0.06 0.40 § 0.03 0.15
0.11 0.16 § 0.03 0.16 § 0.01 0.21

dex; CRP, C reactive protein; CSA, cross-sectional area; FATi, fat index; MC, muscle
x; RF, rectus femoris; SMM, skeletal muscle mass.
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outpatient clinics, and telephone follow-ups [24]. The EuroQol-5D
(EQ-5D) is a widely recognized instrument for measuring HRQoL,
offering a standardized yet simple approach with only five dimen-
sions. As noted by Balestroni and Bertolotti [26], although EQ-5D is
not extensively utilized in oncology, its brevity and ease of applica-
tion make it particularly advantageous for patients undergoing
multiple diagnostic tests and treatments. Cancer patients often
experience high levels of physical and psychological burden, mak-
ing lengthy assessments impractical. Despite its limited use in
oncology, EQ-5D has demonstrated validity across diverse clinical
populations, supporting its feasibility in evaluating HRQoL even in
complex patient groups. The ability to generate a single index
value for HRQoL enhances comparability across studies, facilitating
cost-utility analyses in healthcare decision-making. Incorporating
EQ-5D in oncology research could provide a standardized approach
for assessing treatment impact, aligning with the growing empha-
sis on patient-centered outcomes in clinical and health policy
research.

In a recent meta-analysis, Hanna et al. [31] reported that
reduced muscle mass may be linked to lower overall and physical
functioning HRQOL scores in adults with cancer. However, all these
studies were performed with CT, and most of themwere done with
patients admitted to hospital, which limits their generalization to
routine clinical practice at outpatient level with cancer. Other limi-
tation of the evidence base [31] is the use of varying cut-off points
across studies to classify skeletal muscle status, which reduces the
reliability of these analyses. However, in our study, the analysis
performed was not only dichotomized (using HRQOL medians) but
also included a correlation analysis and adjusted linear regression
analysis. Therefore, continuous variables were used across their
entire spectrum of clinical representation for the patients. The
findings from the above-mentioned meta-analyses and our own
design, which show an association between low muscle mass and
poorer global and physical functioning HRQOL scores, may indicate
a multifactorial and bidirectional relationship between skeletal
muscle status and overall well-being. A decrease in SMM is recog-
nized as a contributing factor to diminished physical strength [32]
and evidence supports a connection between strength and HRQOL
in cancer patients [33]. On the other hand, the decrease in HRQOL
linked to the side effects of cancer treatment, recovery from sur-
gery, and/or the emotional impact of facing a life-threatening ill-
ness could plausibly lead to reduced participation in daily routines.
This decrease in activity may result in physical inactivity, which is
a well-established contributing factor to muscle wasting [34]. For
example, the questionnaire EuroQol-5 describes health status in
terms of five dimensions: mobility, self-care, daily activities, pain
or discomfort, and anxiety or depression. In our study, patients
with lower scores in the mobility, self-care, and daily dimensions
exhibited poorer values for the CSA of the RF and pennation angle,
reinforcing the previously mentioned hypothesis.

It is important to remember that in patients with cancer, SMM
and quality decline due to various molecular pathways [35], the
quantity and quality of muscle are both important. In our studied
with an artificial intelligence�based muscle ultrasound system, we
have determined different muscle quality parameters such as Mus-
cular index (Mi), fat index (FATi), and pennation angle and muscle
quantity (CSA and MT). CSA and MT were correlated with HRQOL,
with CSA remaining independent in the final multiple regression
with the visual scale. Pennation angle also showed positive correla-
tions, and although it did not remain as an independent variable in
the multiple regression model, in the dimensions of mobility self-
care, and daily activities, presented higher values in patients with
better health in these dimensions. The pennation angle, measured
via ultrasound in the RF muscle, reflects muscle architecture and
efficiency. Clinically, it indicates muscle health, strength potential,
and adaptations to conditions like aging, disease, or disuse.
Changes in the pennation angle can signal atrophy, recovery prog-
ress, or the effectiveness of rehabilitation and training interven-
tions. Gaining deeper insights into HRQOL is essential for
advancing patient-centered care, as it enables the identification of
areas requiring supportive interventions, informs clinical decision-
making, and challenges assumptions regarding what patients pri-
oritize in their care.

Our study has several limitations. First, physical perfor-
mance was not assessed using methods such as the timed up-
and-go test or chair-test, we measured only muscle strength
with dynamometry. The absence of these measures may limit
the comprehensiveness of the results, potentially overlooking
the role of muscle function in patients with cancer. Second, our
study has a cross-sectional design, which prevents us from gen-
erating hypotheses about causality. Third, although the Euro-
Qol-5D is a tool that is not widely used in cancer patients, its
simplicity, with only five questions, makes it easy to apply in
patients undergoing multiple diagnostic tests and treatments.
However, it may limit the ability to detect subtle differences in
HRQOL related to muscle mass. Fourth, the single-center nature
of the study could introduce sample selection bias and limit
the generalizability of the findings. Finally, since the study is
cross-sectional, it does not track muscle mass or HRQOL
changes over time, which would provide a stronger foundation
for clinical recommendations. Nevertheless, our study has nota-
ble strengths, including a case mixed population of outpatients
with cancer. A novel validated artificial intelligence�based
muscle ultrasound system [23] was used, which generates
a wide range of parameters related to muscle quality and
quantity.

In conclusion, CSA, MT, and pennation angle of RF determined
by an artificial intelligence�based muscle ultrasound system in
outpatients with cancer were related to HRQOL by EuroQol-5D.
The findings of this study can significantly inform clinical interven-
tions, particularly nutritional strategies and physical therapy pro-
grams, for cancer patients with malnutrition. The study establishes
a clear association between SMM, as assessed by an AI-based ultra-
sound system, and HRQoL, as measured by the EuroQol-5D tool.
Given the strong correlation between muscle mass parameters
(CSA, MT, and pennation angle) and HRQoL, interventions should
be aimed at preserving or enhancing muscle function. Nutritional
strategies could be focussed on protein-rich diets and supplemen-
tation to counteract muscle degradation, potentially improving
patient outcomes. Additionally, physical therapy programs should
prioritize resistance training and functional exercises targeting
muscle preservation, enhancing mobility, self-care, and daily activ-
ities. AI-driven muscle ultrasound provides a precise and non-inva-
sive tool for monitoring the effectiveness of interventions, allowing
clinicians to personalize treatment. By integrating these findings
into oncological care, healthcare providers can improve functional
status, independence, and overall quality of life for malnourished
cancer patients.
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