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Abstract: Background: Cancer survivors who do not engage in regular physical activity
often experience persistent psychological distress and fatigue, which can significantly
impact their quality of life. While handgrip strength (HGS) is recognized as an indicator of
overall health and physical resilience, the combined role of HGS and physical inactivity
in predicting psychological distress and fatigue in this population remains unclear. This
study aimed to examine the relationships between self-reported physical inactivity, HGS,
and psychological distress, specifically depressive symptoms, anxiety, and cancer-related
fatigue (CRF), in physically inactive cancer survivors. Methods: This cross-sectional study
included 42 physically inactive cancer survivors (mean age = 63.2 years, SD = 8.96) recruited
from the Cancer Institute (IRCCS) in Bari, Italy. Physical inactivity was quantified based on
self-reported weekly physical activity minutes, with all participants engaging in less than
150 min per week. The participants underwent HGS assessment and completed validated
psychological measures, including the Beck Depression Inventory (BDI), the State-Trait
Anxiety Inventory (STAI-Y1 and STAI-Y2), and the Fatigue Severity Scale (FSS). Results:
Bivariate correlations were examined via Spearman’s rank correlation coefficients, and
multiple linear regression analyses were performed to identify independent predictors of
psychological distress and fatigue, adjusting for covariates such as age, sex, cancer type,
and time since treatment completion. Both lower HGS and greater physical inactivity were
significantly correlated with greater depressive symptoms (HGS: ρ = −0.524, p < 0.001; phys-
ical inactivity: ρ = −0.662, p < 0.001), greater fatigue severity (HGS: ρ = −0.599, p < 0.001;
physical inactivity: ρ = −0.662, p < 0.001), and increased trait anxiety (HGS: ρ = −0.532,
p < 0.001; physical inactivity: ρ = −0.701, p < 0.001). No significant associations were
found between physical inactivity or HGS and state anxiety (p > 0.05). Multiple regression
analyses confirmed that both HGS and physical inactivity independently predicted depres-
sive symptoms (HGS: β = −0.435, p = 0.009; physical inactivity: β = −0.518, p = 0.002),
trait anxiety (HGS: β = −0.313, p = 0.038; physical inactivity: β = −0.549, p < 0.001), and
fatigue (HGS: β = −0.324, p = 0.033; physical inactivity: β = −0.565, p < 0.001), even after
adjusting for covariates. Low physical activity and reduced muscle strength independently
predict psychological distress and fatigue in cancer survivors. Conclusions: These findings
highlight the potential exacerbating role of physical inactivity in both physical and psycho-
logical vulnerability, underscoring the need for interventions promoting regular exercise.
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Integrating strength assessments and structured physical activity programs may be key
strategies in survivorship care to improve mental well-being and overall quality of life.

Keywords: physical inactivity; muscle function; anxiety–depressive symptoms; cancer-
related fatigue; cancer survivorship; mental and physical well-being

1. Introduction
Cancer is a major public health problem worldwide. Although advances in treatments

have led to a reduction in mortality, projections indicate that by 2030, 22.1 million people
will be living with a history of cancer [1]. In addition to a rise in new diagnoses as a
population ages and grows, this significant increase also indicates longer survival as a
result of advancements in early detection and treatment [2]. Chemotherapy, radiation,
and/or biological therapy are commonly administered to cancer patients multiple times,
with active surveillance in addition to therapy. These treatments can induce chronic
pain/negative impacts in cancer survivors, reducing physical activity and leading to
physical deconditioning, which ultimately compromises recovery and quality of life [3].

Guidelines from the American College of Sports Medicine and the American Cancer
Society recommend that cancer survivors engage in at least 150 min of moderate-intensity
or 75 min of vigorous-intensity aerobic activity per week or an equivalent combination of
moderate to vigorous physical activity (MVPA) weekly [4,5]. However, many survivors
fail to meet these guidelines, and physical inactivity is prevalent; self-reported physical
inactivity levels (failing to achieve 150 min of moderate-intensity physical activity or 75 min
of vigorous-intensity physical activity per week) range from 29% of the population in
high-income countries to 15% in low-income countries [6].

Physical inactivity and sedentariness are highly prevalent and are associated with
muscle atrophy, reduced aerobic capacity, and decreased strength [7]. A lack of regular
exercise not only worsens physical deconditioning but also exacerbates psychological
symptoms. In fact, according to recent studies, almost 50% of cancer survivors still feel
exhausted [8,9], whereas 30% to 40% suffer from mental health conditions, including de-
pression, anxiety, and various adjustment or psychosomatic disorders [10,11], even after
completing treatment. However, physical activity is a safe, feasible, and relatively inexpen-
sive nonpharmacological alternative for the management of psychological symptoms in
cancer survivors [12]. Increasing physical activity levels may reduce symptoms and thus
improve quality of life during survivorship [13].

Several risk factors for fatigue, depression, and anxiety have been identified in the
literature in breast cancer survivors following treatment [14–17]. These symptoms may be
influenced by demographic factors [18], treatment modalities [19], time since treatment
completion, pain, sleep disturbances, menopausal symptoms [20], psycho-emotional factors,
physical activity levels [21], and physical functional impairments, including poor handgrip
strength (HGS) [22].

As a direct indicator of muscle function, HGS is a significant predictor of muscle
mass and total physical strength, reflecting multiple aspects of physical function [23].
Reduced HGS has been linked to lower levels of physical activity, as inactivity contributes
to progressive muscle weakening, which in turn exacerbates functional decline [24].

A lower HGS is associated with a greater incidence of anxiety–depressive symp-
toms [25,26] and a lower quality of life [22,27], indicating that muscle weakness could
be a direct result of the combined effects of the psychological state and cancer-related
fatigue (CRF) on physical function [28]. Assessing whether HGS is associated with a com-
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bined symptomatic profile rather than individual symptoms is particularly relevant in
cancer survivors, where fatigue, depression, and anxiety frequently coexist and contribute
to a self-perpetuating cycle of physical inactivity, muscle deterioration, and worsening
psychological well-being [28–30].

Evidence suggests that reduced muscle strength is associated with both physical and
psychological vulnerability, reinforcing the idea that deconditioning is a key factor in
the persistence of symptoms [31,32]. If HGS and self-reported physical inactivity serve
as reliable indicators of overall symptom burden, they could provide an accessible, non-
invasive screening approach for identifying high-risk individuals and guiding targeted
interventions, including structured rehabilitation and psycho-oncological support [33].

Critically, while previous studies have examined HGS in general cancer populations,
few have specifically focused on physically inactive survivors, a group particularly prone to
muscle deconditioning and psychological distress. Given that inadequate physical activity
may further exacerbate both physical and psychological vulnerability, it is essential to
evaluate the impact of both muscle strength and inactivity on mental health outcomes in
this population. Therefore, the present study aims to (i) examine the associations among
physical inactivity (defined as engaging in < 150 min of self-reported physical activity per
week), HGS, and the overall symptom profile in cancer survivors who do not meet Ameri-
can College of Sports Medicine (ACSM) physical activity recommendations. Specifically,
we investigate their relationships with depressive symptoms, anxiety, and cancer-related fa-
tigue (ii) to determine whether lower HGS and increasingly fewer minutes of self-reported
physical activity are independently associated with greater psychological distress and
fatigue severity, reinforcing the hypothesis that both reduced muscle strength and inade-
quate physical activity contribute to heightened psychological symptom burden. On the
basis of prior evidence, we hypothesize that, among physically inactive cancer survivors,
(i) lower HGS is significantly associated with higher levels of depression, increased fatigue,
and heightened anxiety; (ii) fewer self-reported minutes of weekly physical activity are
significantly associated with greater psychological distress and fatigue severity; and (iii)
both HGS and self-reported physical activity independently predict psychological symp-
tom burden, suggesting that reduced muscle strength and insufficient physical activity
contribute to mental health deterioration in cancer survivors.

2. Materials and Methods
2.1. Sample and Study Design

This cross-sectional observational and analytical study was conducted at the Cancer
Institute (IRCCS) Giovanni Paolo II Cancer Institute in Bari, Italy, a specialized center for
cancer treatment and rehabilitation. The study included 42 cancer survivors who did not
practice regular physical activity, with a mean age of 63.2 years (SD = 8.96). Recruitment
and data collection were carried out in January 2025 during routine oncological follow-up
visits and rehabilitation appointments. Eligible participants who met the inclusion criteria
were invited to participate in a single study session, during which they completed vali-
dated psychological assessments and underwent HGS measurement. Ethical approval was
obtained from the Institutional Ethics Committee of Bari (protocol code 0324886|30/12/24),
and all participants provided written informed consent prior to study enrollment. The
reporting of this study follows the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) statement (Supplement S1).

2.2. Participants and Sampling

Cancer survivors were recruited via a consecutive sampling approach, whereby all
eligible patients attending the Bari Cancer Institute during the recruitment period were
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systematically screened for inclusion. This method facilitated the selection of a represen-
tative sample of cancer survivors attending routine follow-up visits, thereby minimizing
selection bias. The eligibility criteria required participants to have completed primary
cancer treatment at least six months prior to enrollment, ensuring that acute treatment
effects did not confound the study outcomes. Patients who self-reported nonadherence to
physical activity guidelines, defined as engaging in less than 150 min of moderate-intensity
aerobic activity, 75 min of vigorous-intensity aerobic activity per week, or an equivalent
combination of MVPA, were included in the study. Additional inclusion criteria included
age ≥ 18 years and the ability to independently complete the study procedures. The ex-
clusion criteria included neurological or musculoskeletal disorders affecting HGS, severe
cognitive impairment, ongoing participation in a structured physical rehabilitation pro-
gram, or the use of medications with significant neuromuscular effects that could interfere
with HGS assessment. To determine the appropriate sample size, a priori power analysis
was performed via G*Power 3.1 [34]. On the basis of a multiple linear regression model,
assuming a medium effect size (f2 = 0.25), an alpha level of 0.05, and a statistical power (1-β)
of 0.80, the minimum required sample size was 38 participants. To account for potential
missing data, 42 cancer survivors were ultimately enrolled in the study.

2.3. Measurement

During the clinical interview, each patient was informed about the study’s aims and
methods and provided written consent to participate. After socioanamnestic and clin-
ical data, including self-reported physical activity expressed in weekly minutes, a key
study variable alongside HGS, were collected, participants underwent a comprehensive
psychological and motor assessment. Standardized measures were used to evaluate de-
pressive symptoms, anxiety, and fatigue, whereas HGS testing was performed to assess
muscle strength. Both self-reported physical activity and HGS were analyzed as continuous
variables to investigate their independent and combined associations with psychological
distress and fatigue severity.

2.3.1. Muscle Strength

The handgrip strength test is a reliable and practical method for evaluating the max-
imum voluntary strength of both the extrinsic and intrinsic muscles of the hand. In this
study, grip strength was measured via a mechanical Smedley hand dynamometer (GIMA,
Milan, Italy). The participants were seated in a straight-backed chair with their feet flat
on the floor. Their shoulders were kept close to the body (0◦ flexion), their elbows were
bent at a 90◦ angle, and their forearms were in a neutral position. They were instructed to
grip the dynamometer as firmly as possible and maintain the squeeze for 5 s. The test was
performed three times for each hand, with a 30-s rest between each attempt. A 60-s break
was given before switching to the other hand. At the end of the test, the average of the
three measurements for each hand (dominant and nondominant), recorded in kilograms
(kg), was used for further analysis.

2.3.2. Psychological and Fatigue Assessment

Depressive symptoms were assessed via the Beck Depression Inventory (BDI), a 21-
item self-report questionnaire designed to measure the severity of depressive symptoms
experienced over the past week [35,36]. Each item represents a specific symptom of
depression (e.g., sadness, pessimism, feelings of failure, dissatisfaction, guilt, self-criticism,
irritability, sleep disturbances, fatigue, and loss of appetite) and is rated on a four-point
scale (0–3), with higher scores reflecting greater symptom severity. The total BDI score
ranges from 0 to 63, with established cut-off values for classifying depression severity as
minimal (0–9), mild (10–16), moderate (17–29), or severe (30–63) [35].
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Anxiety levels were assessed via the State-Trait Anxiety Inventory (STAI-Y), a 40-item
self-report questionnaire that distinguishes between state anxiety (STAI-Y1)—temporary,
situation-dependent anxiety—and trait anxiety (STAI-Y2)—a more stable, enduring ten-
dency toward anxious responses [37]. Each subscale consists of 20 items rated on a four-
point Likert scale (1 = not at all to 4 = very much), with total scores ranging from 20 to
80, where higher scores indicate greater anxiety severity. The STAI-Y1 assesses transient
emotional states related to a specific moment (e.g., feeling tense, worried, or nervous in
response to a particular situation), whereas the STAI-Y2 evaluates a more generalized
anxiety disposition, reflecting a long-standing proneness to experiencing anxiety across
different contexts.

Fatigue severity was assessed via the Fatigue Severity Scale (FSS), a 9-item question-
naire designed to evaluate the impact of fatigue on daily functioning [38]. The participants
rated each item on a 7-point Likert scale (1 = strongly disagree to 7 = strongly agree), with
higher scores indicating a greater burden of fatigue. The total FSS score is obtained by
summing all nine items (range 9–63), with a total score ≥ 36 indicating clinically signif-
icant fatigue. The FSS is particularly relevant in cancer research, as it assesses both the
physical and cognitive consequences of fatigue, making it a useful tool for evaluating
cancer-related fatigue (CRF), one of the most common and debilitating long-term effects in
cancer survivors.

2.4. Additional Variables and Potential Confounders

To control for potential confounding factors, demographic and clinical variables,
including age (continuous variable, years), sex (male/female), marital status, tumor type,
and time since treatment completion (continuous variable, months), were recorded. Since
age, sex, cancer type, and time since treatment have been associated with differences
in depression, anxiety, and fatigue levels among cancer survivors, these variables were
included in the analysis to adjust for possible effects on psychological well-being and
fatigue. The cancer type variable was dichotomized as “breast cancer” vs. “other cancer
types” because of the high prevalence of breast cancer survivors in the sample. Similarly,
marital status was classified as “married” or “unmarried” to ensure adequate group size
and allow their inclusion in regression models by dummy variables.

2.5. Statistical Analysis

All the statistical analyses were conducted via the IBM SPSS Statistics 26.0 program
(IBM, Chicago, IL, USA), with significance set at p < 0.05 (two-tailed tests). Before perform-
ing the primary analyses, assumption checks were conducted to ensure the validity of the
statistical models. Shapiro–Wilk tests and Q–Q plots were used to assess the normality of
residuals, whereas scatterplots and Levene’s test were applied to check for linearity and
homoscedasticity. Multicollinearity diagnostics were performed using variance inflation
factor (VIF) thresholds of <10 to ensure that there was no collinearity among the predictors.

Before addressing the primary research questions, preliminary analyses were con-
ducted to assess whether psychological distress (depressive symptoms and anxiety) and
fatigue differed across key covariates, including age, sex, marital status, cancer type, and
time since treatment completion. Given the nonnormal distribution of the psychological
outcome variables, Mann–Whitney U tests were performed to compare differences in BDI,
STAI-Y1, STAI-Y2, and FSS scores between categorical variables (i.e., sex, marital status, and
cancer type), whereas Spearman’s rank correlation coefficients (ρ) were used to examine
associations between psychological outcomes and continuous variables (i.e., age and time
since treatment completion).
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To evaluate the associations between self-reported minutes of physical activity per
week, HGS, psychological distress (depressive symptoms and anxiety), and fatigue, Spear-
man’s rank correlation coefficients (ρ) were computed, given the nonparametric nature of
the data. This analysis provided an initial assessment of the relationships between physical
inactivity, HGS, and the symptomatologic profile. To examine the predictive role of physi-
cal inactivity and HGS in psychological symptoms and fatigue, separate multiple linear
regression models were constructed with the BDI, STAI-Y1, STAI-Y2, and FSS scores as
dependent variables. Physical inactivity and HGS were entered as the primary predictors,
whereas age, sex, marital status, cancer type, and time since treatment completion were
included as covariates. A backwards stepwise method was applied, allowing nonsignificant
covariates to be iteratively removed from the models to identify the most parsimonious
predictors of psychological distress and fatigue. The final models reported standardized
beta coefficients (β) and adjusted R² values, which were used to assess the proportion
of variance explained by the predictor variables. Collinearity diagnostics (tolerance and
variance inflation factor (VIF)) were performed to ensure model stability. Additionally,
residual plots were examined to confirm the appropriateness of the model assumptions.

3. Results
3.1. Characteristics of the Participants

The sociodemographic and clinical characteristics of the participants are summarized
in Table 1. A total of 42 individuals (9 males and 33 females), all of whom completed the
psychological assessment and upper limb muscle strength evaluation, were included. The
participants had a mean age of 63.2 ± 8.96 years (mean ± SD). Most of the participants
were married (88.1%). Breast cancer was the most prevalent diagnosis, accounting for
64.3% of the cases, whereas other cancer types represented 35.7% of the sample. The
average time since treatment completion was 17.80 ± 9.65 months. The mean scores for
the psychological and physical variables assessed in the study are also reported in Table 1.
The participants had an average FSS score of 36.19 ± 12.9, indicating moderate to high
fatigue levels. Anxiety scores differed between the state and trait components, with a
mean STAI-Y1 score of 35.10 ± 6.3 and a mean STAI-Y2 score of 50.71 ± 11.2, suggesting
greater levels of trait anxiety than state anxiety. The mean BDI score was 22.57 ± 10.1,
corresponding to an overall moderate level of depressive symptoms. The mean HGS was
22.07 kg ± 7.3. Additionally, the mean self-reported physical activity was 57.86 ± 32.33 min
per week, confirming that all participants were classified as physically inactive according
to established guidelines.

No significant differences were observed in fatigue levels, depressive symptoms,
or anxiety scores between participants based on marital status (pFSS = 0.792, pSTAI-
Y1 = 0.236, pSTAI-Y2 = 0.732, and pBDI = 0.880, respectively), cancer type (pFSS = 0.968,
pSTAI-Y1 = 0.810, pSTAI-Y2 = 0.875, and pBDI = 0.545, respectively), or sex (pFSS = 0.380,
pSTAI-Y1 = 0.566, pSTAI-Y2 = 0.506, and pBDI = 0.364, respectively). Similarly, no signifi-
cant associations were observed between age and psychological or fatigued outcomes or
between age and time since completion of treatment (all p > 0.05) (see Table 2).
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Table 1. Demographic and clinical characteristics of cancer survivors not engaging in regular physical
activity (n = 42).

Variables Statistics Total Sample

Age (Mean, SD) 63.2 ± 8.96

Sex (n, %)
Male
Female

9 (21.4)
33 (78.6)

Marital status (n, %)
Married
Unmarried

37 (88.1)
5 (11.9)

Cancer type
Breast cancer
Other cancer types

27 (64.3)
15 (35.7)

Time since treatment (Mean, SD) 17.80 ± 9.65

FSS (Mean, SD) 36.19 ± 12.90

STAI-Y1 (Mean, SD) 35.10 ± 6.31

STAI-Y2(Mean, SD) 50.71 ± 11.20

BDI (Mean, SD) 22.57 ± 10.10

Self-reported weekly physical activity minutes (Mean, SD) 57.86 ± 32.33

HGS (Mean, SD) 22.07 ± 7.35
Abbreviations: FSS, Fatigue-Severity Scale; STAI-Y1, State-Trait Anxiety Inventory; STAI-Y2, State-Trait Anxiety
Inventory; BDI, Beck Depression Inventory; HGS, Handgrip Strength Test; SD, standard deviation

Table 2. Analysis of outcomes in relation to covariates of interest.

Variables FSS p Value STAI-Y1 p Value STAI-Y2 p Value BDI p Value

Age 1 −0.077 0.629 −0.076 0.634 −0.153 0.333 0.047 0.766

Sex 2

Male 18.22
0.380

19.33
0.566

19.06
0.506

18.11
0.364Female 22.39 22.09 22.17 22.42

Marital status 2

Married 21.31
0.792

20.66
0.236

21.72
0.732

21.61
0.880Unmarried 22.90 27.70 19.90 20.70

Cancer type 2

Breast cancer 21.56
0.968

21.83
0.810

21.72
0.875

20.65
0.545Other 21.40 20.90 21.10 23.03

Time since treatment 1 −0.299 0.054 −0.126 0.427 -0.121 0.444 −0.102 0.522

Notes: 1 Spearman’s correlation coefficient; 2 means of ranks based on the Mann–Whitney test. Abbreviations:
FSS, Fatigue-Severity Scale; STAI-Y1, State-Trait Anxiety Inventory; STAI-Y2, State-Trait Anxiety Inventory; BDI,
Beck Depression Inventory.

3.2. Associations of Self-Reported Weekly Physical Activity Minutes and HGS with Psychological
and Fatigue Symptomatology

Significant negative correlations were detected between self-reported weekly phys-
ical activity minutes and depressive symptoms (ρ = −0.662, p < 0.001), and trait anxiety
(ρ = −0.701, p < 0.001), and fatigue (ρ = −0.662, p < 0.001), whereas no significant rela-
tionships were detected between self-reported weekly physical activity minutes and state
anxiety (ρ = −0.132, p = 0.406) (Table 3). Additionally, self-reported weekly physical activity
minutes was significantly associated with lower HGS (ρ = 0.428, p = 0.005).
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Table 3. Relationships between self-reported weekly physical activity minutes, HGS, anxious-
depressive symptoms, and FSS.

FSS STAI-Y1 STAI-Y2 BDI HGS

HGS
Spearman correlation −0.599 ** −0.158 −0.532 ** −0.524 ** 1

Sig. (2-tailed) 0.000 0.317 0.000 0.000 -
N 42 42 42 42 42

Self-reported weekly physical activity minutes
Spearman correlation −0.662 ** -0.132 −0.701 ** −0.662 ** 0.428 **

Sig. (2-tailed) 0.000 0.406 0.000 0.000 0.005
N 42 42 42 42 42

Abbreviations: FSS, Fatigue-Severity Scale; STAI-Y1, State-Trait Anxiety Inventory; STAI-Y2, State-Trait Anxiety
Inventory; BDI, Beck Depression Inventory; HGS, Handgrip Strength Test; Sig. (2-tailed), significance (2-tailed);
Notes: ** p < 0.01.

Similarly, lower HGS was correlated with greater depressive symptoms (ρ = −0.524,
p < 0.001) and fatigue (ρ = −0.599, p < 0.001), as well as higher levels of trait anxiety
(ρ = −0.532, p < 0.001). No significant correlation was found between HGS and state anxiety
(ρ = −0.158, p = 0.317) (Table 3).

Spearman’s rho coefficients indicate moderate to strong associations among phys-
ical inactivity, diminished muscle strength, and psychological distress, with the most
pronounced correlations observed for trait anxiety, depressive symptoms, and fatigue.

Multiple linear regression analyses were performed to further examine the predictive
role of both physical inactivity and HGS on psychological distress and fatigue (Table 4). In
these models, depressive symptoms, trait anxiety, state anxiety, and fatigue were entered
as dependent variables, whereas self-reported weekly physical activity minutes and HGS
were included as primary predictors, with age, sex, marital status, cancer type, and time
since treatment completion included as covariates.

Table 4. Multiple linear regressions adjusted for confounding factors with self-reported weekly
physical activity minutes and HGS as the dependent variables and psychological distress as the
predictor.

FSS BDI STAI-Y1 STAI-Y2

β SE p β SE p β SE p β SE p Tolerance VIF

Age 0.029 0.167 0.805 −0.136 0.14 0.279 −0.093 0.132 0.624 −0.158 0.144 0.179 0.893 1.12

Sex −0.058 6.114 0.77 −0.199 5.12 0.351 −0.101 3.781 0.688 −0.110 5.279 0.579 0.31 3.23

Marital status 0.193 5.626 0.108 −0.13 3.874 0.308 −0.319 −0.058 0.751 0.172 3.987 0.151 0.868 1.152

Type of cancer 0.028 4.447 0.868 −0.270 3.547 0.403 −0.023 2.535 0.905 −0.190 3.832 0.261 0.429 2.33

Time since
treatment −0.055 0.174 0.676 0.151 3.724 0.297 −0.026 −0.005 0.98 −0.006 0.15 0.962 0.704 1.421

HGS −0.324 0.339 0.033 −0.435 0.295 0.009 −0.898 −0.22 0.376 −0.313 0.22 0.038 0.56 1.786

Self-reported
weekly

physical
activity
minutes

−0.565 0.056 p < 0.001 −0.518 0.047 0.002 −0.278 0.04 0.189 −0.549 0.049 p < 0.001 0.602 1.66

R2 = 0.597
Adjusted R2 = 0.515

R2 = 0.534
Adjusted R2 = 0.438

R2 = 0.120
Adjusted R2 = −0.061

R2 = 0.59
Adjusted R2 = 0.5158

Abbreviations: FSS, Fatigue-Severity Scale; STAI-Y1, State-Trait Anxiety Inventory; STAI-Y2, State-Trait Anxiety
Inventory; BDI, Beck Depression Inventory; HGS, Handgrip Strength Test; β, standardized coefficient; SE, standard
error; p, p value; VIF variance inflation factor; R2, R-squared; Adjusted R2, Adjusted R-squared.

The adjusted R² values indicated that the models explained approximately 40–50% of
the variance in depressive symptoms, trait anxiety, and fatigue, highlighting the substantial
contribution of physical inactivity and muscle weakness to these outcomes.
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Both self-reported weekly physical activity minutes and HGS were significant predic-
tors of cancer-related fatigue (physical inactivity: β = −0.565, p < 0.001; HGS: β = −0.324,
p = 0.033), trait anxiety (physical inactivity: β = −0.549, p < 0.001; HGS: β = −0.313,
p = 0.038), and depressive symptoms (physical inactivity: β = −0.518, p = 0.002; HGS:
β = −0.435, p = 0.009), indicating that both lower minutes of physical activity and reduced
muscle strength contribute to greater psychological distress and fatigue. State anxiety was
not significantly predicted by any of the explanatory variables (all p > 0.05). On the basis of
tolerance and the VIF, the model had no multicollinearity problems (see Table 4).

4. Discussion
4.1. Key Results and Interpretation

This study investigated the relationships among self-reported weekly physical activity
minutes, HGS, psychological symptoms, and fatigue in cancer survivors not engaging in
regular physical activity as defined by the ACSM criteria. The results indicated that physical
inactivity was significantly associated with increased levels of depressive symptoms, greater
fatigue, and greater trait anxiety. Additionally, lower HGS was associated with the same
psychological outcomes: greater depressive symptoms, increased fatigue, and heightened
trait anxiety. However, no significant relationship was observed between self-reported
weekly physical activity minutes or HGS and state anxiety.

These results support our hypothesis that, in physically inactive cancer survivors,
both physical deconditioning (as indicated by reduced HGS) and inactivity itself contribute
significantly to a greater burden of psychological distress and fatigue.

Symptoms of depression, anxiety, fear of recurrence, and fatigue are widespread
among cancer survivors, who are physically inactive, often persist well after completion
of treatment [39–41] and have a significant effect on quality of life [42–44]. Studies have
consistently shown that these symptoms often coexist, contributing to the emotional distress
and functional impairment of survivors [45–47].

Depressive symptoms and fatigue represent two of the most debilitating long-term
consequences of cancer survivorship [48], as found in our study. Research indicates that
depression affects up to 30–40% of survivors, with symptoms ranging from low mood
and anhedonia to more severe impairments in daily functioning [49,50]. Similarly, cancer-
related fatigue (CRF) is reported by more than half of survivors and often persists for years
after treatment [51,52].

Anxiety, particularly trait anxiety, also plays a key role in the psychological distress
experienced by cancer survivors [53]. High trait anxiety is associated with persistent worry,
heightened stress responses, and difficulty returning to precancer levels of emotional
well-being [54,55].

Survivors experiencing persistent fatigue, depressive symptoms, or heightened anxiety
may be less likely to engage in physical activity [30,56], leading to progressive decondition-
ing and muscle weakness [57,58].

Many studies have highlighted the association between reduced muscle strength and
psychological distress in cancer survivors, particularly in relation to depression [25,26] and
quality of life [59,60]. However, to our knowledge, our study is novel in that it specifically
examines the relationship between physical inactivity, HGS, and the broader symptom
profile in a group that does not engage in regular physical activity, highlighting the unique
interaction between inactivity, muscle deconditioning, and psychological distress.

Physical activity often decreases during survival, and the number of survivors meeting
physical activity guidelines remains low [61], as found in our study. A substantial number
of randomized controlled studies, reviews, and meta-analyses have revealed that physical
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inactivity is associated with fatigue, psychological distress, and worse overall quality of
life in cancer survivors [30,40,62].

Physical inactivity has been associated with reduced levels of brain-derived neu-
rotrophic factor (BDNF), a key regulator of neuroplasticity and mood stabilization [63].
Moreover, prolonged inactivity may contribute to dysregulation of the hypothalamic–
pituitary–adrenal (HPA) axis, heightening stress responses and exacerbating mood distur-
bances [64]. Chronic inflammation, often observed in cancer survivors due to the lingering
effects of treatment, may further amplify these associations, as proinflammatory cytokines
have been implicated in both fatigue and depressive symptoms [65].

Psychosocial factors further contribute to this relationship. Physically inactive cancer
survivors may experience greater social isolation [66], reduced engagement in enjoyable or
meaningful activities [67], and a diminished sense of control over their health [68], which are
all factors linked to increased depressive symptoms and lower quality of life. Additionally,
inactivity is often associated with poor sleep quality [69], which may exacerbate both
fatigue and mood disturbances. From a psychological perspective, physical inactivity can
negatively impact self-efficacy and perceived control [70]. Cancer survivors who engage in
regular physical activity often report feeling more empowered in managing their health [68],
whereas those who remain inactive may struggle with feelings of helplessness and lack
motivation, further perpetuating emotional distress [67].

A better understanding of the biological mechanisms underlying the associations of
physical activity and sedentary behavior with fatigue can provide more information about
the potential causal pathways of these associations [71].

Reduced physical activity leads to muscle atrophy, decreased bone density, and
metabolic dysregulation [57,58,72], all of which contribute to fatigue and diminished
physical functioning. Additionally, inactivity is linked to unfavorable changes in body
composition, including increased body mass index (BMI) [73], which further exacerbates
fatigue and decreases motivation for physical engagement [74].

CRF, whether stemming from treatment side effects, anemia, or underlying health con-
ditions, can lead to further reductions in physical activity [75], initiating a self-perpetuating
cycle of deconditioning and worsening symptoms [75,76]. Over time, this cycle reinforces
both physiological and psychological consequences, making it increasingly difficult for
individuals to break free from sedentary behaviors [77].

HGS, as an indicator of upper limb muscle function, has emerged as a potential marker
of both physical resilience and psychological well-being in oncology patients practicing
physical activity [22,27,60,73]. Our findings align with this evidence, demonstrating that
lower HGS is significantly associated with greater fatigue, depressive symptoms, and trait
anxiety in cancer survivors not engaging in regular physical activity. The observed relation-
ships between lower HGS and increased depression and fatigue suggest that functional
impairments may contribute to worsening psychological well-being, further exacerbating
the burden of survivorship. This association may be partly attributed to systemic inflamma-
tion and neuroendocrine dysregulation, mechanisms known to contribute to both muscle
deterioration and mood disorders [78–80]. Furthermore, dysregulation of the hypothalamic–
pituitary–adrenal (HPA) axis, which leads to altered cortisol secretion, has been related to
both mood disorders and reductions in muscular function [81–84]. Additionally, the strong
association between low HGS and fatigue severity is consistent with previous findings
suggesting that reduced muscle function reflects underlying mitochondrial dysfunction
and energy metabolism impairments [85]. CRF is a multifactorial condition influenced by
inflammatory cytokines, hormonal imbalances, and muscle deconditioning [86,87], all of
which are interrelated with reduced HGS [88,89]. Further knowledge about the specific
forms of psychological distress experienced by cancer survivors can be gained from the
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association between HGS and trait anxiety but not state anxiety. Trait anxiety reflects a
stable predisposition toward anxiety, which has been linked to chronic stress, autonomic
dysregulation, and reduced physiological resilience [90]. This aligns with our findings that
individuals with lower muscle strength, potentially reflecting greater physical vulnera-
bility, exhibit higher levels of trait anxiety. In contrast, state anxiety is more situational
and context dependent, which may explain the absence of significant associations with
both HGS and physical inactivity in this study. Unlike trait anxiety, which reflects a more
stable predisposition to anxiety-related experiences, state anxiety fluctuates in response
to immediate stressors, such as medical appointments, recent test results, or psychosocial
challenges [91,92].

Given its transient nature, state anxiety may be less influenced by long-term physi-
ological factors such as muscle strength or habitual physical inactivity. Moreover, while
chronic inactivity has been linked to psychological distress, its impact may be more pro-
nounced on persistent mood disturbances, such as depression or fatigue, rather than on
anxiety states that are inherently dynamic and shaped by acute stressors. This distinction
suggests that the absence of associations in our findings may reflect the differing temporal
characteristics of state anxiety compared with more stable indicators of psychological and
physical health [93].

The relationships among physical inactivity, HGS, depression, anxiety, and fatigue are
likely mediated by a dysfunctional biopsychosocial cycle that perpetuates physical and psy-
chological decline. Cancer survivors who experience high levels of anxiety and depression
may have a reduced tendency to engage in physical activity, as in our sample [30,94,95],
resulting in progressive deconditioning and loss of muscle function [96–98], which is re-
flected in decreased hand strength. The decline in muscle strength and overall physical
capacity may, in turn, exacerbate psychological symptoms [25,26], reinforcing a vicious
cycle of inactivity, decreased strength and worsening mental health. Increased depressive
and anxiety symptoms lead to reduced motivation and energy to engage in physical ac-
tivity [99,100]. Reduced minutes of physical activity lead to muscle disuse and decreased
HGS, resulting in reduced physical resilience [72]; decreased muscle strength and overall
functional capacity contribute to increased fatigue, decreased self-efficacy and worsened
mental health, further reinforcing physical activity avoidance [22,101].

Given these findings, physical activity and HGS emerge as important parameters to
assess in physically inactive cancer survivors, not only as markers of physical function
and psychological well-being but also as modifiable factors that can be improved through
targeted interventions. Unlike other clinical and psychological risk factors that are not
modifiable, physical activity and HGS can be improved through the introduction of and
participation in structured programs, particularly those incorporating resistance training
and aerobic exercise [102,103].

Although our study focused on self-reported exercise practices, it is well established
that knowledge and attitudes towards physical activity critically mediate behavioral en-
gagement. Accordingly, structured programs should not only measure exercise practices
but also assess patients’ exercise knowledge and attitudes, as these tools can identify educa-
tional needs and motivational barriers in cancer survivors [104]. Incorporating structured
education and motivational support alongside practice-based interventions may therefore
enhance adherence and long-term exercise adoption.

There is robust evidence demonstrating that physical activity interventions in can-
cer survivors lead to improvements in fatigue [105–107], depressive symptoms [21,108],
and overall quality of life [109,110]. Resistance training, in particular, has been shown
to increase muscle strength and endurance [111–113], which in turn may contribute to
reductions in cancer-related fatigue and psychological distress [33,114,115]. Given that



Curr. Oncol. 2025, 32, 289 12 of 18

fatigue, depression, and anxiety are interconnected with physical function, improving
muscle strength through exercise could provide a dual beneficial effect, both by enhancing
HGS and breaking the dysfunctional cycle of inactivity and psychological burden.

4.2. Strengths and Limitations

This study contributes to the literature by strengthening the evidence supporting the
relationship between physical inactivity, muscle strength, and psychological well-being
in cancer survivors not engaging in regular physical activity. Our results highlight that
physical activity and HGS are simple, noninvasive, cost-effective and clinically relevant
methodologies for identifying individuals at increased risk for psychological distress and
fatigue. Unlike many clinical and psychological risk factors that cannot be modified, muscle
strength and physical activity practices are modifiable through targeted interventions,
highlighting their importance in cancer survivorship. Among all the covariates included in
the analysis, physical inactivity and HGS were the only variables significantly associated
with depressive symptoms, trait anxiety, and fatigue, emphasizing their distinct roles
as determinants of physical and psychological health in this population. These findings
suggest that their incorporation into the routine care of survivors could offer valuable
clinical insights, allowing for the early identification of individuals at risk of persistent
psychological and physical impairment.

Despite these strengths, several limitations must be recognized. The cross-sectional
design precludes causal inferences, making it unclear whether physical inactivity and
muscle weakness contribute to psychological distress or whether psychological distress
leads to reduced physical function and activity. Longitudinal studies are needed to establish
the directionality of these associations and to determine whether changes in muscle strength
and activity practices over time correspond to changes in depressive symptoms, anxiety,
and fatigue. In addition, no standardized questionnaires were used, but only self-reported
values of leisure-time physical activity were collected, excluding those who followed the
ACSM guidelines.

Although adjustments were made for key covariates such as age, sex, cancer type, and
time since treatment, other unmeasured factors, including nutritional status and medication
use, may have influenced the observed associations. Furthermore, the use of consecutive
samples from a single institution and the small sample size may limit the generalizability
of these results. Larger, multicenter studies with more diverse cohorts of cancer survivors
are needed to confirm these results and strengthen their external validity.

5. Conclusions
This study reinforces the role of low physical activity and HGS as significant correlates

of depressive symptoms, fatigue, and trait anxiety in cancer survivors, emphasizing that
these associations were observed in a physically inactive population.

The lack of regular physical activity among participants suggests that reduced muscle
strength may not only serve as a marker of psychological distress but also reflect the
broader consequences of a sedentary lifestyle, which is known to negatively impact both
musculoskeletal function and mental well-being. Despite some limitations, the associations
observed demonstrate the detrimental effects of inactivity on physical and mental health.

Given that physical activity and muscle strength are modifiable factors, future research
should explore whether targeted resistance training interventions can attenuate psycho-
logical distress and improve general well-being in physically inactive cancer survivors.
These findings support the integration of routine muscle strength assessments into survivor
care and increased leisure-time physical activity practices, not only as screening tools to
identify those at increased risk for psychological distress but also as a modifiable goal for



Curr. Oncol. 2025, 32, 289 13 of 18

rehabilitation programs. Encouraging structured physical activity, particularly strength
training, may be a key strategy to improve both physical resilience and mental health
outcomes in this population.

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/curroncol32050289/s1, Supplement S1: STROBE Checklist.

Author Contributions: Conceptualization, I.P. and A.P.; methodology, I.P., A.P., S.C. and G.G.;
software, I.P.; validation, I.P., A.P., S.C. and G.G.; formal analysis, I.P. and A.P.; investigation, I.P., A.P.,
C.M. and S.M.; resources, F.F., C.M., S.C., G.G. and L.T.; data curation, I.P.; writing—original draft
preparation, I.P. and A.P.; writing—review and editing, F.F., S.C. and G.G.; visualization, I.P. and
A.P.; supervision, F.F., S.C. and G.G. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was conducted in accordance with the Decla-
ration of Helsinki and was approved by the Ethics Committee of Bari University (protocol code
0324886|30 December 2024/24).

Informed Consent Statement: Written informed consent was obtained from all the subjects involved
in the study.

Data Availability Statement: The data presented in this study are available upon request from the
first author. The data are not publicly available due to privacy concerns.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Siegel, R.L.; Miller, K.D.; Wagle, N.S.; Jemal, A. Cancer Statistics, 2023. CA Cancer J. Clin. 2023, 73, 17–48. [CrossRef]
2. Miller, K.D.; Nogueira, L.; Mariotto, A.B.; Rowland, J.H.; Yabroff, K.R.; Alfano, C.M.; Jemal, A.; Kramer, J.L.; Siegel, R.L. Cancer

Treatment and Survivorship Statistics, 2019. CA Cancer J. Clin. 2019, 69, 363–385. [CrossRef] [PubMed]
3. Huneidi, S.A.; Wright, N.C.; Atkinson, A.; Bhatia, S.; Singh, P. Factors Associated with Physical Inactivity in Adult Breast Cancer

Survivors—A Population-Based Study. Cancer Med. 2018, 7, 6331–6339. [CrossRef] [PubMed]
4. Campbell, K.L.; Winters-Stone, K.M.; Wiskemann, J.; May, A.M.; Schwartz, A.L.; Courneya, K.S.; Zucker, D.S.; Matthews,

C.E.; Ligibel, J.A.; Gerber, L.H.; et al. Exercise Guidelines for Cancer Survivors: Consensus Statement from International
Multidis-ciplinary Roundtable. Med. Sci. Sports Exerc. 2019, 51, 2375–2390. [CrossRef] [PubMed]

5. Rock, C.L.; Thomson, C.; Gansler, T.; Gapstur, S.M.; McCullough, M.L.; Patel, A.V.; Andrews, K.S.; Bandera, E.V.; Spees, C.K.;
Robien, K.; et al. American Cancer Society Guideline for Diet and Physical Activity for Cancer Prevention. CA Cancer J. Clin. 2020,
70, 245–271. [CrossRef]

6. Sallis, J.F.; Bull, F.; Guthold, R.; Heath, G.W.; Inoue, S.; Kelly, P.; Oyeyemi, A.L.; Perez, L.G.; Richards, J.; Hallal, P.C. Progress in
Physical Activity over the Olympic Quadrennium. Lancet 2016, 388, 1325–1336. [CrossRef]

7. Ortiz, A.; Tirado, M.; Hughes, D.C.; Gonzalez, V.; Song, J.; Mama, S.K.; Basen-Engquist, K. Relationship between Physical Activity,
Disability, and Physical Fitness Profile in Sedentary Latina Breast Cancer Survivors. Physiother. Theory Pract. 2018, 34, 783–794.
[CrossRef]

8. Amarsheda, S.B.; Bhise, A.R. Association of Fatigue, Quality of Life and Functional Capacity in Breast Cancer Patients Receiving
Adjuvant Chemotherapy. Asian Pac. J. Cancer Care 2021, 6, 59–64. [CrossRef]

9. Cameron, B.; Webber, K.; Li, H.; Bennett, B.K.; Boyle, F.; De Souza, P.; Wilcken, N.; Lynch, J.; Friedlander, M.; Goldstein, D.; et al.
Genetic Associations of Fatigue and Other Symptoms Following Breast Cancer Treatment: A Prospective Study. Brain Behav.
Immun.—Health 2021, 10, 100189. [CrossRef]

10. Grassi, L.; Caruso, R.; Riba, M.B.; Lloyd-Williams, M.; Kissane, D.; Rodin, G.; McFarland, D.; Campos-Ródenas, R.; Zachariae,
R.; Santini, D.; et al. Anxiety and Depression in Adult Cancer Patients: ESMO Clinical Practice Guideline. ESMO Open 2023, 8,
101155. [CrossRef]

11. Martinez-Calderon, J.; García-Muñoz, C.; Heredia-Rizo, A.M.; Cano-García, F.J. The Prevalence of Anxiety and Depression in
Cancer around the World: An Overview of Systematic Reviews Evaluating 128 Meta-Analyses. J. Affect. Disord. 2024, 351, 701–719.
[CrossRef] [PubMed]

12. Oers, H. van Exercise Effects on Mood in Breast Cancer Patients. S. Afr. J. Sports Med. 2013, 25, 55–59. [CrossRef]

https://www.mdpi.com/article/10.3390/curroncol32050289/s1
https://www.mdpi.com/article/10.3390/curroncol32050289/s1
https://doi.org/10.3322/caac.21763
https://doi.org/10.3322/caac.21565
https://www.ncbi.nlm.nih.gov/pubmed/31184787
https://doi.org/10.1002/cam4.1847
https://www.ncbi.nlm.nih.gov/pubmed/30358141
https://doi.org/10.1249/MSS.0000000000002116
https://www.ncbi.nlm.nih.gov/pubmed/31626055
https://doi.org/10.3322/caac.21591
https://doi.org/10.1016/S0140-6736(16)30581-5
https://doi.org/10.1080/09593985.2018.1424978
https://doi.org/10.31557/apjcc.2021.6.1.59-64
https://doi.org/10.1016/j.bbih.2020.100189
https://doi.org/10.1016/j.esmoop.2023.101155
https://doi.org/10.1016/j.jad.2024.01.259
https://www.ncbi.nlm.nih.gov/pubmed/38311072
https://doi.org/10.7196/sajsm.481


Curr. Oncol. 2025, 32, 289 14 of 18

13. Andrioti, A.; Papadopetraki, A.; Maridaki, M.; Philippou, A. The Effect of a Home-Based Tele-Exercise Training Program on the
Quality of Life and Physical Performance in Breast Cancer Survivors. Sports 2023, 11, 102. [CrossRef]

14. Álvarez-Bustos, A.; de Pedro, C.G.; Romero-Elías, M.; Ramos, J.; Osorio, P.; Cantos, B.; Maximiano, C.; Méndez, M.; Fiuza-Luces,
C.; Méndez-Otero, M.; et al. Prevalence and Correlates of Cancer-Related Fatigue in Breast Cancer Survivors. Support Care Cancer
2021, 29, 6523–6534. [CrossRef]

15. Lopes, C.; Lopes-Conceição, L.; Fontes, F.; Ferreira, A.; Pereira, S.; Lunet, N.; Araújo, N. Prevalence and Persistence of Anxiety and
Depression over Five Years since Breast Cancer Diagnosis—The NEON-BC Prospective Study. Curr. Oncol. 2022, 29, 2141–2153.
[CrossRef] [PubMed]

16. Ruiz-Casado, A.; Álvarez-Bustos, A.; De Pedro, C.G.; Méndez-Otero, M.; Romero-Elías, M. Cancer-Related Fatigue in Breast
Cancer Survivors: A Review. Clin. Breast Cancer 2021, 21, 10–25. [CrossRef]

17. Schenker, R.A.; Ciurea, M.E.; Stovicek, P.O.; Ciubara, A.; Schenker, M.; Marinescu, I. Depression and Anxiety—Risk Factors in the
Evolution of Breast Cancer in Women. BRAIN Broad Res. Artif. Intell. Neurosci. 2022, 13, 135–158. [CrossRef]

18. Williams, A.M.; Khan, C.P.; Heckler, C.E.; Barton, D.L.; Ontko, M.; Geer, J.; Kleckner, A.S.; Dakhil, S.; Mitchell, J.; Mustian,
K.M.; et al. Fatigue, Anxiety, and Quality of Life in Breast Cancer Patients Compared to Non-Cancer Controls: A Nationwide
Longitudinal Analysis. Breast Cancer Res Treat 2021, 187, 275–285. [CrossRef]

19. Medeiros Torres, D.; Jorge Koifman, R.; da Silva Santos, S. Impact on Fatigue of Different Types of Physical Exercise during
Adjuvant Chemotherapy and Radiotherapy in Breast Cancer: Systematic Review and Meta-Analysis. Support Care Cancer 2022, 30,
4651–4662. [CrossRef]

20. Cáceres, M.C.; Nadal-Delgado, M.; López-Jurado, C.; Pérez-Civantos, D.; Guerrero-Martín, J.; Durán-Gómez, N. Factors Related
to Anxiety, Depressive Symptoms and Quality of Life in Breast Cancer. Int. J. Environ. Res. Public Health 2022, 19, 3547. [CrossRef]

21. Patsou, E.D.; Alexias, G.D.; Anagnostopoulos, F.G.; Karamouzis, M.V. Effects of Physical Activity on Depressive Symptoms
during Breast Cancer Survivorship: A Meta-Analysis of Randomised Control Trials. ESMO Open 2017, 2, e000271. [CrossRef]
[PubMed]

22. Esteban-Simón, A.; Díez-Fernández, D.M.; Artés-Rodríguez, E.; Casimiro-Artés, M.Á.; Rodríguez-Pérez, M.A.; Moreno-Martos,
H.; Casimiro-Andújar, A.J.; Soriano-Maldonado, A. Absolute and Relative Handgrip Strength as Indicators of Self-Reported
Physical Function and Quality of Life in Breast Cancer Survivors: The EFICAN Study. Cancers 2021, 13, 5292. [CrossRef] [PubMed]

23. Bohannon, R.W. Muscle strength: Clinical and prognostic value of hand-grip dynamometry. Curr. Opin. Clin. Nutr. Metab. Care
2015, 18, 465. [CrossRef]

24. Shin, H.Y.; Kim, K.Y.; Kang, P. Association between Handgrip Strength and Physical Activity: A Nationwide Population-based
Study in Korea. Public Health Nurs. 2024, 41, 987–995. [CrossRef]

25. Oliveira, M. de P.L.; Siqueira, J.M.; Santos, A.N.; Lemos, E.B.; Lemos, E.B.; Soares, E.M.; Pimentel, G.D. Low Handgrip Strength Is
a Risk Factor for Symptoms of Anxiety and Depression in Survivors Breast Cancer Patients. Pers. Med. Psychiatry 2024, 47–48,
100143. [CrossRef]
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58. Polat, K.; Karadibak, D.; Güç, Z.G.S.; Yavuzşen, T.; Öztop, İ. The Relationship between Exercise Capacity and Muscle Strength,
Physical Activity, Fatigue and Quality of Life in Patients with Cancer Cachexia. Nutr. Cancer 2024, 76, 55–62. [CrossRef]

59. Barbosa, M.V.; dos Santos, M.P.; Leite, J.A.; Rodrigues, V.D.; de Pinho, N.B.; Martucci, R.B. Association between Functional
Aspects and Health-Related Quality of Life in Patients with Colorectal Cancer: Can Handgrip Strength Be the Measure of Choice
in Clinical Practice? Support Care Cancer 2023, 31, 144. [CrossRef]

60. Cheung, A.T.; Li, W.H.C.; Ho, L.L.K.; Xia, W.; Luo, Y.; Chan, G.C.F.; Chung, J.O.K. Associations of Physical Activity and Handgrip
Strength with Different Domains of Quality of Life in Pediatric Cancer Survivors. Cancers 2022, 14, 2554. [CrossRef] [PubMed]

61. Aguiñaga, S.; Ehlers, D.K.; Cosman, J.; Severson, J.; Kramer, A.F.; McAuley, E. Effects of Physical Activity on Psychological
Well-Being Outcomes in Breast Cancer Survivors from Prediagnosis to Posttreatment Survivorship. Psycho-Oncol. 2018, 27,
1987–1994. [CrossRef]

62. Lipsett, A.; Barrett, S.; Haruna, F.; Mustian, K.; O’Donovan, A. The Impact of Exercise during Adjuvant Radiotherapy for Breast
Cancer on Fatigue and Quality of Life: A Systematic Review and Meta-Analysis. Breast 2017, 32, 144–155. [CrossRef]

63. Jemni, M.; Zaman, R.; Carrick, F.R.; Clarke, N.D.; Marina, M.; Bottoms, L.; Matharoo, J.S.; Ramsbottom, R.; Hoffman, N.; Groves,
S.J.; et al. Exercise Improves Depression through Positive Modulation of Brain-Derived Neurotrophic Factor (BDNF). A Review
Based on 100 Manuscripts over 20 Years. Front. Physiol. 2023, 14, 1102526. [CrossRef]

64. Li, A.; Zheng, X.; Liu, D.; Huang, R.; Ge, H.; Cheng, L.; Zhang, M.; Cheng, H. Physical Activity and Depression in Breast Cancer
Patients: Mechanisms and Therapeutic Potential. Curr. Oncol. 2025, 32, 77. [CrossRef]

65. Cohen, M.; Levkovich, I.; Katz, R.; Fried, G.; Pollack, S. Low Physical Activity, Fatigue and Depression in Breast Cancer Sur-vivors:
Moderation by Levels of IL-6 and IL-8. Int. J. Psychophysiol. 2020, 158, 96–102. [CrossRef] [PubMed]

66. Barber, F.D. Social Support and Physical Activity Engagement by Cancer Survivors. Clin. J. Oncol. Nurs. 2012, 16, E84–E98.
[CrossRef] [PubMed]

67. Wurz, A.; St-Aubin, A.; Brunet, J. Breast Cancer Survivors’ Barriers and Motives for Participating in a Group-Based Physical
Activity Program Offered in the Community. Support Care Cancer 2015, 23, 2407–2416. [CrossRef]

68. Langelier, D.M.; Jackson, C.; Bridel, W.; Grant, C.; Culos-Reed, S.N. Coping Strategies in Active and Inactive Men with Prostate
Cancer: A Qualitative Study. J. Cancer Surviv. 2022, 16, 421–431. [CrossRef]

69. Atoui, S.; Bernard, P.; Carli, F.; Liberman, A.S. Association Between Physical Activity, Sedentary Behaviors, and Sleep-Related
Outcomes Among Cancer Survivors: A Cross-Sectional Study. Int. J. Behav. Med. 2024, 31, 741–752. [CrossRef]

70. Haas, B.K. Fatigue, Self-efficacy, Physical Activity, and Quality of Life in Women With Breast Cancer. Cancer Nurs. 2011, 34, 322.
[CrossRef]

71. Serdà i Ferrer, B.-C.; van Roekel, E.; Lynch, B.M. The Role of Physical Activity in Managing Fatigue in Cancer Survivors. Curr
Nutr. Rep. 2018, 7, 59–69. [CrossRef] [PubMed]

72. Bowden Davies, K.A.; Pickles, S.; Sprung, V.S.; Kemp, G.J.; Alam, U.; Moore, D.R.; Tahrani, A.A.; Cuthbertson, D.J. Reduced
Physical Activity in Young and Older Adults: Metabolic and Musculoskeletal Implications. Ther. Adv. Endocrinol. 2019, 10,
2042018819888824. [CrossRef]

73. Li, C.-C.; Chou, Y.-J.; Shun, S.-C. The Relationship Between Muscle Strength and Body Composition Measures and Cancer-Related
Fatigue: A Systematic Review and Meta-Analysis. ONF 2021, 48, 558–576. [CrossRef]

74. Connor, A.E.; Baumgartner, R.N.; Pinkston, C.M.; Boone, S.D.; Baumgartner, K.B. Obesity, Ethnicity, and Quality of Life among
Breast Cancer Survivors and Women without Breast Cancer: The Long-Term Quality of Life Follow-up Study. Cancer Causes
Control. 2016, 27, 115–124. [CrossRef]

75. Yang, S.; Chu, S.; Gao, Y.; Ai, Q.; Liu, Y.; Li, X.; Chen, N. A Narrative Review of Cancer-Related Fatigue (CRF) and Its Possible
Pathogenesis. Cells 2019, 8, 738. [CrossRef]

76. Packel, L.; Claghorn, K.V.; Dekerlegand, J. Cancer-related Fatigue and Deconditioning: A Program Evaluation. Rehabil. Oncol.
2006, 24, 3. [CrossRef]

77. Paxton, R.J.; Anderson, A.; Sarkar, S.; Taylor, W.C. Breaking Up Sedentary Behavior: Perceptions From Cancer Survivors. Cancer
Nurs 2016, 39, 272–278. [CrossRef] [PubMed]

78. Kang, K.Y.; Jung, Y.-E.; Jang, H.; Kim, M.-D.; Bahk, W.-M. Relationship between Handgrip Strength and Low-Grade In-flammation
in Older Adults with Depression. Clin. Psychopharmacol. Neurosci. 2021, 19, 721–730. [CrossRef] [PubMed]

79. Ortega, M.A.; Fraile-Martinez, O.; García-Montero, C.; Diaz-Pedrero, R.; Lopez-Gonzalez, L.; Monserrat, J.; Barrena-Blázquez,
S.; Alvarez-Mon, M.A.; Lahera, G.; Alvarez-Mon, M. Understanding Immune System Dysfunction and Its Context in Mood
Disorders: Psychoneuroimmunoendocrinology and Clinical Interventions. Mil. Med. Res. 2024, 11, 80. [CrossRef]

80. Robbins, R.N.; Kelleher, J.L.; Vellanki, P.; O’Connor, J.C.; Mascaro, J.S.; Nocera, J.R.; Serra, M.C. Kynurenine Metabolism as a
Mechanism to Improve Fatigue and Physical Function in Postmenopausal Breast Cancer Survivors Following Resistance Training.
J. Funct. Morphol. Kinesiol. 2022, 7, 45. [CrossRef] [PubMed]

81. Almeida, F.B.; Pinna, G.; Barros, H.M.T. The Role of HPA Axis and Allopregnanolone on the Neurobiology of Major Depressive
Disorders and PTSD. Int. J. Mol. Sci. 2021, 22, 5495. [CrossRef]

https://doi.org/10.1080/01635581.2023.2276486
https://doi.org/10.1007/s00520-023-07608-7
https://doi.org/10.3390/cancers14102554
https://www.ncbi.nlm.nih.gov/pubmed/35626159
https://doi.org/10.1002/pon.4755
https://doi.org/10.1016/j.breast.2017.02.002
https://doi.org/10.3389/fphys.2023.1102526
https://doi.org/10.3390/curroncol32020077
https://doi.org/10.1016/j.ijpsycho.2020.09.011
https://www.ncbi.nlm.nih.gov/pubmed/33080293
https://doi.org/10.1188/12.CJON.E84-E98
https://www.ncbi.nlm.nih.gov/pubmed/22641333
https://doi.org/10.1007/s00520-014-2596-2
https://doi.org/10.1007/s11764-021-01037-3
https://doi.org/10.1007/s12529-023-10216-8
https://doi.org/10.1097/NCC.0b013e3181f9a300
https://doi.org/10.1007/s13668-018-0234-1
https://www.ncbi.nlm.nih.gov/pubmed/30094747
https://doi.org/10.1177/2042018819888824
https://doi.org/10.1188/21.ONF.558-576
https://doi.org/10.1007/s10552-015-0688-z
https://doi.org/10.3390/cells8070738
https://doi.org/10.1097/01893697-200624020-00002
https://doi.org/10.1097/NCC.0000000000000330
https://www.ncbi.nlm.nih.gov/pubmed/26713501
https://doi.org/10.9758/cpn.2021.19.4.721
https://www.ncbi.nlm.nih.gov/pubmed/34690127
https://doi.org/10.1186/s40779-024-00577-w
https://doi.org/10.3390/jfmk7020045
https://www.ncbi.nlm.nih.gov/pubmed/35736016
https://doi.org/10.3390/ijms22115495


Curr. Oncol. 2025, 32, 289 17 of 18

82. Knezevic, E.; Nenic, K.; Milanovic, V.; Knezevic, N.N. The Role of Cortisol in Chronic Stress, Neurodegenerative Diseases, and
Psychological Disorders. Cells 2023, 12, 2726. [CrossRef]

83. Lever-van Milligen, B.A.; Lamers, F.; Smit, J.H.; Penninx, B.W.J.H. Physiological Stress Markers, Mental Health and Objective
Physical Function. J. Psychosom. Res. 2020, 133, 109996. [CrossRef]

84. Mirza, F.; Fazal, A.; Shabbir, K.; Farooq, H.; Ahmed, S. Association of Grip Strength with Obesity & Cortisol; Possible Indicators
of Biological Ageing. Int. J. Endorsing Health Sci. Res. 2020, 8, 145–152. [CrossRef]

85. Kunz, H.E.; Port, J.D.; Kaufman, K.R.; Jatoi, A.; Hart, C.R.; Gries, K.J.; Lanza, I.R.; Kumar, R. Skeletal Muscle Mitochondrial
Dysfunction and Muscle and Whole Body Functional Deficits in Cancer Patients with Weight Loss. J. Appl. Physiol. 2022, 132,
388–401. [CrossRef]

86. Lin, P.-J.; Belcher, E.K.; Gilmore, N.J.; Hardy, S.J.; Xu, H.; Mustian, K.M. Cancer-Related Fatigue. In Common Issues in Breast Cancer
Survivors: A Practical Guide to Evaluation and Management; Kimmick, G.G., Shelby, R.A., Sutton, L.M., Eds.; Springer International
Publishing: Cham, Switzerland, 2021; pp. 153–168. ISBN 978-3-030-75377-1.

87. Wang, X.S. Pathophysiology of Cancer-Related Fatigue. Clin. J. Oncol. Nurs. 2008, 12, 11–20. [CrossRef] [PubMed]
88. Minniti, G.; Pescinini-Salzedas, L.M.; Minniti, G.A. dos S.; Laurindo, L.F.; Barbalho, S.M.; Vargas Sinatora, R.; Sloan, L.A.; Haber,

R.S. de A.; Araújo, A.C.; Quesada, K.; et al. Organokines, Sarcopenia, and Metabolic Repercussions: The Vicious Cycle and the
Interplay with Exercise. Int. J. Mol. Sci. 2022, 23, 13452. [CrossRef] [PubMed]

89. Ntiamoah, P.; Ananni-Akollor, M.E.; Frempong, M.T.; Agordzo, S.K.; Baah, E.; Muanah, I.A.; Agyapong, E.O.; Gadzeto, F.;
Atta-Mensah, B.; Appiah, A.; et al. Association Between Handgrip Strength, TNF-Alpha Levels and the Presence of Chronic
Diseases Among the Elderly. Res. Sq. 2024. [CrossRef]

90. Radley, J.J.; Herman, J.P. Preclinical Models of Chronic Stress: Adaptation or Pathology? Biol. Psychiatry 2023, 94, 194–202.
[CrossRef]
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