Wang et al. BMC Geriatrics (2025) 25:461 BMC Geriatrics
https://doi.org/10.1186/s12877-025-06110-5

Check for
updates

The relationship between sarcopenia,
nutritional status, physical function,

and quality of life in elderly cancer patients:
a path analysis

Liyi Wang'#*" Xuejun Dai'?", Jiao Ai"**", Xiaojuan Li'?, Aihua Deng'?, Xiaomei Yang'?, Ying Zhang'?, Dujuan Tian'?
and Lang He'*"

Abstract

Objective This study investigates the associations between sarcopenia and quality of life in elderly cancer patients,
with nutritional status and physical function as potential mediators. It also explores the interactions among
sarcopenia, nutritional status, and physical function.

Methods A cross-sectional study was conducted among 275 elderly cancer patients. Sarcopenia was assessed
using the criteria of the European Working Group on Sarcopenia in Older People 2 (EWGSOP?2). Nutritional status was
evaluated using the Nutritional Risk Screening 2002 (NRS-2002) tool, along with serum albumin, prealbumin levels,
and body mass index (BMI). Physical function was assessed using the 6-minute walk distance (6MWD), gait speed,
and Timed Up and Go (TUG) test. All functional indicators were standardized into z-scores. Quality of life (QOL) was
measured using the European Organization for Research and Treatment of Cancer Quality of Life Questionnaire-Core
30 (EORTC QLQ-C30). Structural equation modeling (SEM) was used to analyze the relationships among sarcopenia,
nutritional status, physical function, and QOL.

Results Multivariate analysis indicated that sarcopenia, nutritional status, and physical function together explained
54% of the variance in quality of life. Path analysis showed significant associations through the following pathways: (1)
Sarcopenia — Nutritional status — quality of life (22.0%); (2) Sarcopenia — Physical function — quality of life (17.07%);
(3) Sarcopenia — Nutritional status — Physical function — quality of life (6.09%).

Conclusion Sarcopenia, nutritional status, and physical function are significantly associated with quality of life in
elderly cancer patients. Physical function mediates the associations between both sarcopenia and nutritional status.
Early detection and comprehensive interventions targeting sarcopenia, nutrition, and physical function are essential
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for improving patient outcomes. Future strategies should be individualized to address the complex needs of this

population.
Clinical trial number Not applicable
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Introduction

The global population is aging rapidly, leading to a ris-
ing number of elderly individuals diagnosed with cancer.
This demographic shift presents significant challenges to
healthcare systems, as older cancer patients are particu-
larly vulnerable due to age-related physiological decline
and the cumulative burden of cancer and its treatment.
According to the International Agency for Research on
Cancer, China reported 2.92 million new cancer cases
and 1.98 million cancer-related deaths among individu-
als aged 60 and above in 2022, accounting for over 60%
of new diagnoses and nearly 77% of total cancer mortal-
ity nationwide [1, 2]. With advancing age, cancer patients
often experience declines in physical function, nutritional
status, and overall health, contributing to reduced qual-
ity of life (QOL) [3, 4]. As the elderly cancer population
continues to grow, it is increasingly critical to understand
and address the complex, interrelated factors influenc-
ing their QOL to improve clinical outcomes and enhance
patient well-being.

Sarcopenia, a geriatric syndrome marked by progres-
sive loss of skeletal muscle mass, strength, and physical
function, affects over 40% of elderly cancer patients [5, 6],
with particularly high prevalence among those with gas-
tric, lung, and colorectal cancers [6]. It is associated with
an increased risk of postoperative complications, poor
treatment outcomes, and elevated mortality rates [7].
Sarcopenia also impairs daily functioning and self-care,
contributing significantly to the decline in QOL [8]. For
example, Bossi et al. (2021) [9] reported that QOL scores
declined with increasing severity of sarcopenia. Sarcope-
nia frequently coexists with malnutrition, and the inter-
action between these conditions accelerates physical and
functional decline [10]. Recent studies highlight the effec-
tiveness of combined nutritional and exercise interven-
tions in counteracting sarcopenia and enhancing QOL
[11, 12]. Uchida et al. (2023) demonstrated that individu-
alized nutritional support paired with resistance training
significantly improved muscle mass and physical perfor-
mance in older cancer patients [11]. Similarly, Souza et
al. (2024) found that multimodal interventions targeting
both nutrition and physical activity enhanced physical
function and reduced symptom burden [12]. Malnutri-
tion exacerbates sarcopenia through mechanisms such
as metabolic disturbances, chronic inflammation, and
impaired nutrient absorption—particularly in patients
undergoing cancer treatments [13, 14]. These changes

contribute to progressive muscle wasting, slower gait
speed, reduced endurance, and increased vulnerability to
functional decline [15]. Deterioration in physical capacity
also negatively impacts social participation, psychologi-
cal well-being, and self-esteem [16, 17]. The synergistic
effects of sarcopenia and malnutrition severely impair
muscle strength and endurance, resulting in a marked
reduction in QOL [18, 19]. Therefore, early screening
and comprehensive interventions targeting both nutri-
tional deficiencies and physical inactivity are essential to
mitigate these adverse effects and improve outcomes in
elderly cancer patients.

Although previous studies have reported associations
between sarcopenia, nutritional status, physical function,
and QOL, the mechanisms underlying these interactions
remain insufficiently understood. Much of the exist-
ing research focuses on individual variables in isolation,
often neglecting their interrelated effects. To address this
gap, the present study employs path analysis to explore
the complex relationships among sarcopenia, nutritional
status, and physical function, and their collective influ-
ence on QOL. By examining both direct and indirect
pathways, this study aims to generate robust evidence to
support the development of targeted, multifaceted inter-
vention strategies.

Materials and methods

Study design and participants

This cross-sectional study recruited elderly cancer
patients based on defined inclusion and exclusion crite-
ria. Eligible participants were: (1) aged 65 years or older;
(2) pathologically diagnosed with a malignancy (e.g.,
lung, gastric, colorectal, or breast cancer); (3) capable of
providing informed, voluntary consent; and (4) able to
perform basic activities of daily living without severe cog-
nitive or psychiatric impairments that could compromise
assessment validity. Exclusion criteria were: (1) acute
disease exacerbation or unstable vital signs; (2) severe
neuromuscular disorders; (3) receipt of interventional
nutritional therapy or intensive rehabilitation within the
previous three months; and (4) significant language or
hearing impairments impeding participation or accurate
assessment.

The required sample size was calculated based on
Structural Equation Modeling (SEM) guidelines, with a
minimum of 10 participants per estimated parameter in
the path model [20]. Allowing for a 15% attrition rate,
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a final sample size of no fewer than 200 patients was
targeted.

Measures

This study assessed a range of demographic, clinical, and
functional variables in elderly cancer patients recruited
between January and September 2024 from the Cancer
Prevention and Treatment Institute of Chengdu and the
Department of Oncology at Chengdu Fifth People’s Hos-
pital, China.

Collected data included age, gender, cancer type and
stage, treatment modality, and medical history. Sarcope-
nia was evaluated based on the criteria of the European
Working Group on Sarcopenia in Older People 2 (EWG-
SOP2) [21]. Muscle mass was measured using Dual-
Energy X-ray Absorptiometry (DXA), muscle strength
via handgrip strength, and physical function through gait
speed and the Timed Up and Go (TUG) test. Nutritional
status was assessed using the Nutritional Risk Screen-
ing tool (NRS-2002) [22], in conjunction with serum
albumin, prealbumin levels, and body mass index (BMI).
Physical function was assessed using the 6-minute walk
distance (6MWD), gait speed, and TUG time. To gener-
ate a composite indicator, each measure was standard-
ized (z-scores), TUG scores were reverse-coded so that
higher values indicated better function, and the average
of the three was used to reflect overall physical function
[23]. Quality of life (QOL) was measured using the Euro-
pean Organization for Research and Treatment of Cancer
(EORTC) Quality of Life Questionnaire-Core 30 (QLQ-
C30) [24, 25], which assesses multiple domains including
physical, psychological, and social functioning. This com-
prehensive evaluation was designed to provide a holistic
understanding of the health status and functional capac-
ity of elderly cancer patients, thereby offering evidence
to support the development of tailored clinical interven-
tions aimed at improving patient outcomes.

Data analysis

Descriptive statistics, including means, standard devia-
tions, and proportions, were used to summarize par-
ticipants’ demographic characteristics and assessment
variables. Group differences in continuous variables were
examined using independent samples t-tests, while cat-
egorical variables were compared using chi-square (x?)
tests. Univariate analyses were conducted to compare
quality of life (QOL) scores between non-sarcopenic and
sarcopenic patients, as well as across categories of nutri-
tional status and physical function, using t-tests or one-
way ANOVA where appropriate. Pearson’s correlation
analysis was performed to assess bivariate associations
among the primary study variables, including sarcopenia,
nutritional status, physical function, and QOL.

Page 3 of 11

To identify independent predictors of QOL, multi-
ple stepwise linear regression analyses were conducted
with sarcopenia, nutritional status, and physical func-
tion indicators (i.e., six-minute walk distance, gait speed,
and timed up-and-go test) as the main independent
variables. To control for potential confounding, a set of
demographic and clinical covariates—including age (con-
tinuous), marital status (coded as married = 1, others =0),
education level (years of schooling), household income
(categorized as low, middle, or high), cancer stage (I-IV),
and cancer type (dummy-coded with breast cancer as the
reference group)—were included in the regression mod-
els. Multicollinearity was examined using the Variance
Inflation Factor (VIF), and all model assumptions were
assessed using appropriate diagnostic tests.

In addition, path analysis was performed using struc-
tural equation modeling (SEM) to explore both direct
and indirect pathways linking sarcopenia, nutritional
status, physical function, and QOL. The SEM model
incorporated the same set of covariates to adjust for con-
founding effects and improve estimation accuracy. Model
fit was evaluated using the Comparative Fit Index (CFI),
Tucker—Lewis Index (TLI), and Root Mean Square Error
of Approximation (RMSEA). All statistical analyses were
conducted using SPSS version 26.0 (IBM Corp., Armonk,
NY, USA), and SEM was performed with SPSS Amos ver-
sion 26.0.

Results

Demographic and clinical characteristics

As shown in Table 1, significant differences were
observed between the sarcopenia and non-sarcopenia
groups in terms of both demographic and clinical char-
acteristics. Specifically, differences were found in age,
marital status, education level, household income, cancer
type, and treatment modality (all p<0.05). Patients with
sarcopenia were generally older, had lower educational
attainment and income levels, and were more likely to
have gastrointestinal malignancies and advanced-stage
cancer. In addition, the sarcopenia group exhibited signif-
icantly lower values for height, weight, body mass index
(BMI), handgrip strength, physical function scores, skel-
etal muscle mass, and other related functional and nutri-
tional indicators compared to those without sarcopenia.

Nutritional status and physical function in elderly cancer
patients

As shown in Table 2, significant differences were
observed between the sarcopenia and non-sarcopenia
groups in terms of nutritional risk scores, serum albumin
and prealbumin levels, and distribution of Body Mass
Index (BMI) categories (P<0.01). Patients in the sarco-
penia group demonstrated significantly poorer physical
function compared to those in the non-sarcopenia group.
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Table 1 Comparison of baseline characteristics between
sarcopenia and non-sarcopenia groups in elderly cancer patients
(Mean+SD)

Characteristic Sarcope- Non-Sar- t-value/ p-
nia Group copenia Chi- value
(n=166) Group square

(n=109)

Gender 256 0.11

Male 55% 48%

Female 45% 52%

Age (years) 754+74 703+59 432 <0.01

Marital Status 846 0.03

Married 70% 50%

Unmarried 30% 50%

Education Level 6.02 0.02

High school or above 45% 65%

Below high school 55% 35%

Income Level 9.12 0.01

Annual income < 30,000 60% 40%

Annual income >30,000 40% 60%

Disease Type 7.32 0.02

Digestive system cancers ~ 50% 35%

Respiratory system cancers 30% 40%

Breast cancer 20% 25%

Disease Stage 6.15 0.05

Stage | 20% 30%

Stage ll 35% 45%

Stage lll 30% 20%

Stage IV 15% 5%

Treatment Method 10.45 0.01

Surgery 50% 65%

Radiotherapy/ 30% 20%

Chemotherapy

Targeted therapy 10% 10%

Immunotherapy 10% 5%

Anthropometric

Measurements

Height (m) 1.58+0.07 1.62+0.08 -3.78 <0.01

Weight (kg) 502+65 623+81 -1362 <001

Body Mass Index (BMI, 20.1+1.8 238+24 -13.72 <0.01

kg/m?)

Handgrip Strength (kg) 187454 273468 -1139 <001

6-Metre Walk Speed (m/s)  0.8+0.2 1.2+03 -10.67 <0.01

Limb Skeletal Muscle Mass  156+23  204+29  -1566 <001

(kg)

Skeletal Muscle Index (SMI, 5.7+0.8 7.8+09 -19.43 <0.01

kg/m?)

Upper Arm Circumference  22.3+3.1 264+35  -1033 <0.01

(cm)

Calf Circumference (cm) 205+28  342+3.1 -12.89 <0.01

Waist Circumference (cm)  784+76  852+84 -744 <001

Specifically, they had shorter 6-minute walk distances,
slower gait speeds, and longer Timed Up and Go (TUG)
times, indicating impaired mobility and functional capac-
ity. These deficits were also associated with significantly
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Table 2 Nutritional status and physical function assessment
results of elderly cancer patients

Indicator Sarcopenia Non- t-value p-
Group Sarcopenia /Chi-  value
(n=166) Group square

(n=109) value

Nutritional Status

NRS-2002 Score (points)  3.8+0.9 27+08 10.27 <0.01

Serum Albumin (g/L) 342438 386+35 -9.72 <0.01

Serum Prealbumin 1804+20.7 2205+256 -14.18 <0.01

(mg/b)

BMI Classification (n, %) X*=2234 <001

<185 (Underweight) 53(31.9%)  6(5.5%)

18.5-23.9 (Normal 91 (54.8%) 48 (44.0%)

Weight)

>24.0 (Overweight/ 22 (13.3%) 55 (50.5%)

Obese)

Physical Function

6-Minute Walking 3204+458 420.1+50.7 -1534 <0.01

Distance (m)

Gait Speed (m/s) 085+0.14 1.05+0.12 -1193 <001

TUG Time (seconds) 12.8+2.1 86+1.7 17.45 <0.01

Table 3 Comparison of quality of life between non-sarcopenic
and sarcopenic elderly cancer patients

Item Non-sar- Sarco- F/t P
copenic  penic Value Value
(n=109) (n=166)

Overall Quality of Life Score  785+82 724+76 3245 <0.001

Physical Function Score (BFI)  243+45 208+4.1 2812 <0.001

Psychological Function Score  26.1+39 235437 2977 <0.001

(PFI)

Social Function Score (SFI) 28.1+42 253+44 2358 <0001

Fatigue Score (FA) 125428 153+30 30.11 <0.001

Pain Score (PA) 102424 127+26 2649 <0001

Note: Values are expressed as meanz*standard deviation. Sarcopenia was
defined based on muscle mass (measured via DXA) and physical performance
(handgrip strength, gait speed, and TUG test). Statistical comparisons were
performed using independent samples t-tests

lower overall quality of life scores compared to the non-
sarcopenia group (P<0.05).

Comparison of quality of life between non-sarcopenic and
sarcopenic elderly cancer patients

As shown in Table 3, significant differences in quality of
life (QOL) and related functional domains were observed
between non-sarcopenic and sarcopenic elderly cancer
patients (p<0.001 for all comparisons). The non-sarco-
penic group demonstrated consistently higher scores in
overall QOL (78.5+8.2), physical function (BFI), psycho-
logical function (PFI), and social function (SFI), com-
pared to patients with sarcopenia. In contrast, patients
with sarcopenia reported significantly higher fatigue (FA)
and pain (PA) scores, indicating greater symptom bur-
den. These results suggest that sarcopenia is associated
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Table 4 Correlations between sarcopenia, nutritional status, physical function, and quality of life in elderly cancer patients

Variable 1 2 3 4 5 6 7 8 9 10 11
1. Sarcopenia 1

2. Nutritional Status 068" 1

3. 6-Minute Walking Distance 065 048" 1

4. Gait Speed 072" 046 0.78" 1

5.TUG Time 066 052 074" 085 1

6. Total Quality of Life Score 068" 058" 072" 082 088" 1

7. Physical Function Score (BFI) 062" 054" 068" 080 084 090" 1

8.Psychological Function Score (PFl) ~ -061" 053" 065 074 080 083" 086" 1

9. Social Function Score (SF) 055" 050" 067 075" 078" 080" 083" 080" 1

10. Fatigue Score (FA) 060" 051" 068" 0767 0827 085 088" 083" 080 1

11. Pain Score (PA) 062" 052 066" 078" 082 085" 089" 079 075" 078 1

Note: "P<0.01,"P<0.05

Table 5 Stepwise multivariate regression analysis of sarcopenia, nutritional status, physical function, and covariates on quality of life

Layer Independent Variable B Standard Error (SE) B t-value p-value R? Adjusted R?
Model 1 Sarcopenia -0.35 0.08 -0.32 -4.50 p<0.01 0.12 0.10
Model 2 Nutritional Status (NRS-2002) 0.26 0.06 0.23 467 p<0.01 0.15 0.14
Model 3 Physical Function
6-Minute Walking Distance 0.04 0.01 0.35 5.60 p<0.01 0.20 0.19
Gait Speed 0.12 0.03 0.30 4.00 p<0.01 017 0.16
TUG Time (seconds) -0.10 0.02 -0.32 -5.00 p<0.01 0.14 0.13
Model 4 Covariates' — — — — —
Overall Model 0.58 0.54

Note: All variables were standardized before entry. Physical function indicators were added in parallel in Model 3

Covariates' include age, marital status, education, household income, cancer type, and cancer stage. These covariates were included in Model 4 to control for
potential confounding effects. Multicollinearity was assessed using VIF (< 2), and no violations of regression assumptions were detected (Durbin-Watson =1.95).

with poorer outcomes across multiple dimensions of

health-related quality of life.

Correlation between sarcopenia, nutritional status,
physical function, and quality of life in elderly cancer
patients

Table 4 presents the correlations between sarcopenia,
nutritional status, physical function, and quality of life,
including its various subdomains (e.g., physical function,
psychological function, social function, fatigue, and pain
scores) in elderly cancer patients. The findings reveal a
significant negative correlation between the sarcopenia
and all quality of life dimensions, with the strongest asso-
ciations observed in physical function (r = -0.62, p<0.01)
and physical performance (r = -0.65, p<0.01). The most
pronounced positive correlations are found between
nutritional status and overall quality of life (r=0.58,
p<0.01) and physical function (r=0.54, p <0.01).

Multivariate regression analysis of sarcopenia, nutritional

status, physical function, and covariates on quality of life

As shown in Table 5, a stepwise multivariate linear
regression analysis was conducted to examine the effects
of sarcopenia, nutritional status, physical function,
and sociodemographic and clinical covariates on qual-
ity of life (QOL) in elderly cancer patients. In Model 1,

sarcopenia alone was entered as the independent variable
and was found to be a significant negative predictor of
QOL (8 =-0.32, t = -4.50, p<0.01), explaining approxi-
mately 12% of the variance (R* = 0.12).

In Model 2, the inclusion of nutritional status (NRS-
2002) significantly improved the model (8=0.23,
p<0.01), increasing the explained variance to 15%. In
Model 3, physical function indicators—six-minute walk
distance (5=0.35), gait speed (p=0.30), and timed up-
and-go (TUG) test time (8 = —0.32)—were subsequently
added. All were statistically significant (p<0.01), and
their inclusion further improved the model’s explanatory
power (Adjusted R* up to 0.20), indicating that better
physical function is associated with higher QOL.

In Model 4, a set of covariates was included to adjust
for potential confounding effects, including age, mari-
tal status, educational level, household income, cancer
type, and cancer stage. While individual coefficients are
not shown in the table for brevity, several covariates were
statistically significant and contributed meaningfully to
the final model. The fully adjusted model demonstrated
a strong overall fit (F=34.21, p<0.001), with no multicol-
linearity issues (VIF<2) and acceptable residual indepen-
dence (Durbin—Watson = 1.95). The final model explained
58% of the variance in QOL (R” = 0.58; Adjusted R* =
0.54), indicating that sarcopenia, nutritional status,
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physical function, and relevant demographic and clinical
characteristics are all independent and significant predic-
tors of QOL in this population.

Structural equation modeling of sarcopenia, nutritional
status, physical function, and quality of life

To further explore the direct and indirect relationships
among sarcopenia, nutritional status, physical function,
and quality of life (QOL) in elderly cancer patients, a
structural equation model (SEM) was constructed based
on prior regression results and theoretical assumptions.
Demographic and clinical covariates that significantly dif-
fered between sarcopenic and non-sarcopenic groups—
namely age, marital status, education level, household
income, cancer stage, and cancer type—were included in
the model as control variables to adjust for potential con-
founding effects.

As shown in Fig. 1, the SEM demonstrated a good
overall fit to the data, with the following fit indices: x*/
df=1.78 (x* = 178, df=1), GFI=0.92, AGFI=0.89,
NFI=0.93, RFI=0.91, IFI=0.95, TLI=0.97, CFI=0.98,
and RMSEA=0.045. These values meet commonly
accepted thresholds for model adequacy, indicating that
the model fits the observed data well. The final model
supported the hypothesized pathways. Sarcopenia was
found to have both direct and indirect effects on QOL,
mediated through nutritional status and physical func-
tion. Specifically, sarcopenia was negatively associ-
ated with nutritional status and physical function,
both of which, in turn, were positively associated with
QOL. These findings highlight the complexity of the
mechanisms linking physical decline to quality of life,
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suggesting that interventions targeting nutrition and
physical performance may partially mitigate the adverse
impact of sarcopenia on overall well-being in elderly can-
cer patients.

As shown in Table 6, path analysis indicated that sar-
copenia was directly associated with quality of life (8 =
-0.45) and indirectly associated through three mediating
pathways. The first indirect path (Ind1) involved nutri-
tional status and QOL (8 = -0.18, -0.51 * 0.35), account-
ing for 22.0% of the total association. The second path
(Ind2) included physical function and QOL (8 = -0.14,
-0.46 * 0.31), contributing 17.07%. The third path (Ind3)
involved nutritional status — physical function - QOL
(f = -0.05, -0.51 * 0.32 * 0.31), accounting for 6.09%.
Mediating effects were tested using a bias-corrected non-
parametric percentile bootstrap method with 5,000 resa-
mples. The 95% confidence interval for the total indirect
association between sarcopenia and QOL was (-0.58,
-0.21), which did not include zero, indicating a statisti-
cally significant indirect relationship. The 95% Cls for all
three indirect paths and their comparative differences
also excluded zero. Among them, the pathway through
nutritional status alone (Ind1) had the largest propor-
tion of the total association. After including mediators
in the model, the direct path from sarcopenia to QOL
accounted for 54.87%, and the combined indirect paths
accounted for 45.13%.

Discussion

This study found that the prevalence of sarcopenia among
elderly cancer patients was as high as 60.3%, consistent
with findings from both domestic and international

(e1) (e2)
\,l,,/ \,l,/
Income Level \0-15**\l Nutritional 0.32%% (d1) \ Physical
A Status ) | Function
. 0.10% ‘ ;
Education |~ 7
Level -0.15% /
0.35* (b1) _— Cancer
-0.51** (al) - 0.31** (b2 T
Age ~0.46%* (a2) oy i
e3/) Income
0.28%* N -0.14*
Vo 1 Level
[ ‘ .18**
Cancer Stage —0.22%*— Sarcop 0.45%* (¢) _! Quality of Life 0.12%— Marital ‘
’ Status

Fig. 1 Structural equation modeling of sarcopenia, nutritional status, physical function, and quality of life. Note: path coefficients are standardized.

*p<001,*p<005
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Table 6 Path analysis results showing direct and indirect
associations of sarcopenia with quality of life through nutritional
status and physical function

Path- Estimate 95%  Ef-
way Confidence fect
Point Interval (CI%) Size
Lower upper (%)
limit  limit
Ind1: Sarcopenia — Nutritional Status -0.17  -030  -0.15 220
—
Quality of Life (a1 * b1)
Ind2: Sarcopenia — Physical Function -0.14 -028  -0.10  17.07
-
Quality of Life (a2 * b2)
Ind3: Sarcopenia — Nutritional Status  -0.05  -0.11 -0.01 6.09
—
Physical Function — Quality of Life
(a1 *d1*b2) -045 -085  -032 5487
Direct: Sarcopenia — Quality of -037  -058  -021 4513
Life (c) -082 -098 -0.52

Total Indirect Effect
(Ind=Ind1 +Ind2+Ind3)

Total Effect (Total=Ind + Direct)

Note: The table presents the path analysis results, with point estimates, 95%
confidence intervals (Cls), and effect sizes for the indirect and direct effects
of sarcopenia, nutritional status, and physical function on quality of life. The
indirect effects through different pathways (Ind1, Ind2, Ind3) and the total
indirect and direct effects are presented with their respective confidence
intervals and percentages

studies [25—27]. Sarcopenia has significant clinical impli-
cations in this population, as it adversely affects func-
tional status and overall health. Malnutrition is a key
contributor to sarcopenia and is closely associated with
reduced levels of serum albumin and prealbumin, which
are commonly observed in cancer patients. Our findings
align with previous studies by Erdogan et al. (2024), Alm-
ouaalamy (2023), and Sahin et al. (2024) [28-30], which
also reported a significant correlation between low albu-
min levels and sarcopenia, suggesting that improving
nutritional status is a critical strategy in managing sarco-
penia among elderly cancer patients.

Maintaining physical function is also considered essen-
tial in preventing or delaying the progression of sarcope-
nia. Yang Lihong et al. (2024) [31] reported that elderly
cancer patients with impaired physical function experi-
enced a more rapid decline in muscle mass and a higher
risk of sarcopenia. Our findings further emphasize the
need to incorporate physical function preservation into
sarcopenia management strategies to slow its progression
and improve overall patient outcomes.

We also found a significant negative association
between sarcopenia and quality of life (QOL) in elderly
cancer patients. Yalcin et al. (2023) [32] demonstrated
that sarcopenia is closely linked to diminished QOL, par-
ticularly in terms of physical function and the ability to
perform daily activities. The loss of muscle strength and
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decline in self-care ability associated with sarcopenia
directly impact patients’ daily living. Notably, we further
identified a moderating role of nutritional status in the
relationship between sarcopenia and QOL: patients with
higher nutritional scores tended to report better QOL.
This supports previous research indicating that proper
nutritional interventions can significantly enhance the
quality of life in cancer patients [33, 34]. By improving
nutritional intake, patients are better able to maintain
muscle strength, slow muscle loss, and enhance physical
performance, ultimately improving overall well-being.
Regression analysis confirmed that sarcopenia negatively
predicts QOL (B = -0.32, p<0.01), consistent with find-
ings by Jensen et al. (2023) [35], who noted that sarcope-
nia contributes to reduced physical function, decreased
daily activity capacity, and worsened psychological
health, including increased anxiety and depression. Ge
Xueqing et al. (2023) [36] also highlighted that severe
sarcopenia is strongly associated with both physical and
psychological decline, leading to reduced independence
and further deterioration in QOL.

Mechanistically, sarcopenia interacts with frailty, mal-
nutrition, and declining physical capacity in a vicious
cycle, accelerating deterioration in quality of life. Several
studies have revealed that sarcopenia affects the health
status of cancer patients through various pathways. Nipp
et al. (2018) [37] found that sarcopenia was associated
with lower QOL and increased symptoms of depression.
Martinez-Herrera et al. (2022) [38] reported that patients
with sarcopenia or sarcopenic obesity exhibited poorer
physical performance and greater fatigue, which reduced
activity levels and further accelerated muscle loss. A 2023
systematic review and meta-analysis [39] also confirmed
that sarcopenia significantly decreases health-related
QOL. These findings suggest that sarcopenia may reduce
nutritional intake and metabolic function, exacerbate
frailty, and impair daily and psychological functioning.

In addition, to place our findings in a broader context,
we compared our results with previous studies conducted
among community-dwelling older adults. For example,
Zhang et al. (2023) demonstrated that in community-
living older adults, frailty and physical function mediated
the impact of nutritional status on QOL [40]. Bartha et
al. (2021) found that physical performance played a sig-
nificant mediating role between sarcopenia and life satis-
faction among healthy elderly individuals [41]. Similarly,
Choi et al. (2022) reported that muscle mass influenced
mental QOL indirectly via physical function in a general
aging population [42]. These findings indicate that the
structural pathways linking sarcopenia, nutrition, physi-
cal function, and QOL may be broadly applicable across
elderly populations. However, elderly cancer patients dif-
fer from the general older population in important ways,
including treatment-related cachexia, inflammation, and
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reduced exercise tolerance. As such, our results under-
score the unique challenges and intervention priorities
faced by this clinical subgroup.

Given the multifactorial nature of sarcopenia, its man-
agement requires integrated, multidimensional strat-
egies. Nutritional intervention should be central to
improving muscle mass and overall health among cancer
patients. Individualized nutritional support must ensure
adequate protein intake, energy balance, and sufficient
micronutrient supplementation to combat malnutrition
and prevent muscle degradation. Specifically, protein
intake should be prioritized, targeting 1.2-1.5 g/kg/day
of high-quality protein, along with adequate caloric con-
sumption and supplementation of key nutrients such as
vitamin D and omega-3 fatty acids. Recent studies sug-
gest that protein intake in the range of 1.2-1.5 g/kg/day
is optimal for maintaining muscle mass in older cancer
patients [43, 44]. Vitamin D supplementation (800—1000
IU/day) and omega-3 fatty acids (approximately 3 g/day)
have been shown to improve muscle mass, strength, and
physical function in elderly cancer patients. Proper nutri-
tional management forms the foundation for reversing
the negative impact of sarcopenia on physical function
and quality of life (QOL) [45, 46].

Exercise interventions also play a vital role in sarcope-
nia management [47]. Resistance training, performed 2-3
times per week, has been shown to significantly improve
muscle mass, strength, and physical function in elderly
cancer patients [48, 49]. A 2024 network meta-analy-
sis demonstrated that resistance training significantly
improves lean muscle mass and lower limb strength,
while combined aerobic and resistance exercise effec-
tively reduces fat mass [50]. Additionally, a recent review
highlighted that both aerobic and resistance exercises
can alleviate side effects of cancer treatment, improve
metabolic health, and enhance overall patient well-being
[51]. Combining these targeted nutritional and exercise
approaches can significantly mitigate the progression of
sarcopenia and improve QOL in this vulnerable popula-
tion. These findings suggest that tailored exercise pro-
grams can enhance physical capacity, metabolic function,
and QOL.

Papadopetraki et al. (2023) [52] proposed that a com-
bination of nutritional supplementation and structured
exercise training could facilitate functional recovery, mit-
igate the effects of sarcopenia, and enhance quality of life.
To address the complexity of sarcopenia, malnutrition,
and functional decline, a multidisciplinary management
model is essential. Such a model should integrate oncolo-
gists, nutritionists, physical therapists, and rehabilitation
specialists to develop comprehensive, individualized care
plans for patients [53-55].

This study has several limitations. First, due to its cross-
sectional design, causal relationships among sarcopenia,
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nutritional status, physical function, and quality of life
(QOL) cannot be established. Future longitudinal studies
are needed to elucidate the temporal dynamics and causal
pathways among these variables. Second, the sample was
drawn from a single geographic region, which may intro-
duce regional selection bias and limit the generalizability
of the findings. Multicenter studies with larger and more
diverse samples are recommended to validate and extend
our results.

Third, although this study targeted an Asian (Chinese)
population, the EWGSOP2 criteria were used instead
of the AWGS2019 criteria. This constitutes a limitation
of the study design, and the prevalence and severity of
sarcopenia in this study may have been either over- or
underestimated. Future research should consider adopt-
ing regionally validated diagnostic standards such as
AWGS2019 to enhance accuracy and comparability
within Asian populations.

Fourth, the path analysis relied solely on observed vari-
ables, without accounting for latent variables or mea-
surement errors, which may affect the robustness and
generalizability of the model. Future research could apply
structural equation modeling (SEM) with latent con-
structs to more accurately depict the underlying relation-
ships. Finally, this study focused primarily on sarcopenia,
nutritional status, and physical function in relation to
QOL. Future research should also consider incorporating
psychological well-being, social support, and comorbidi-
ties to develop a more holistic and personalized approach
to health management in elderly cancer patients.

Conclusion

In summary, this study employed structural equation
modeling to examine the associations between sarco-
penia, nutritional status, physical function, and qual-
ity of life (QOL) in elderly cancer patients. The findings
revealed that sarcopenia is associated with QOL both
directly and indirectly, with nutritional status and physi-
cal function acting as significant mediators. These results
highlight the importance of early identification and man-
agement of sarcopenia, as well as the promotion of ade-
quate nutrition and maintenance of physical function.
To improve QOL in this population, future interventions
should adopt a comprehensive, multifactorial manage-
ment approach that integrates nutritional support, physi-
cal rehabilitation, and clinical monitoring throughout the
continuum of cancer care.
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