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Effects of a strength physical
exercise program in chronic
lymphocytic leukemia patients on
quality of life, mental health, and
frailty: a randomized controlled
trial study protocol
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Universitario de Salamanca, Salamanca, Spain, 4Faculty of Medicine, University of Salamanca, Salamanca,
Spain, 5Biomedical Research Networking Center for Cancer (CIBERONC), ISCIII, Salamanca, Spain

Background: Chronic lymphocytic leukemia (CLL) is a type of cancer that affects
the blood and bone marrow, and it is the most prevalent form of leukemia in adults.
Many patients experience symptoms that can significantly impact their quality of
life, particularly in terms of physical ability, emotional health, and fatigue.
Therapeutic exercise has shown to be an effective intervention for alleviating
both physical and psychological symptoms in these patients. Specifically, strength
training may help address some common treatment side effects.
Objective: This study aims to evaluate the effects of a therapeutic exercise
program, focused on frailty in patients with CLL, along with secondary
objectives including impacts on functional capacity, quality of life, psychological
status, sleep quality, body composition, anthropometric variables, lipid profile
and on proteins related to the immune system and inflammation.
Methods: An open label, randomized controlled trial will be carried out with 36
participants, divided into an intervention group (supervised resistance training
twice a week and home exercises) and a control group (home exercise only).
The primary outcome measure is fraility, assessed using Short Physical
Performance Battery (SPPB). Secondary outcomes include assessments using
HADS, FACT-F, EORTC QLQ-C30, EORT QLQ-CLL17.
Results and conclusions: This study will explore how physical exercise can
improve quality of life and various health metrics in patients with CLL. By
creating customized exercise protocols, the research seeks to boost patient
well-being, improve treatment outcomes, and lessen debilitating side effects,
ultimately promoting the integration of physical activity into routine care.

Clinical Trial Registration: ClinicalTrials.gov, identifier (NCT06654206).
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1 Introduction

Chronic lymphocytic leukemia (CLL) is a malignant

hematological disease that mainly affects older people, with a

mean age at diagnosis of about 70 years, and is the most

common form of leukemia in adults (1, 2). It has an incidence of

4–5 cases per 100,000 people in Western countries, accounting

for nearly 30% of all adult leukemias (3). This condition is

characterized by an accumulation of mature B lymphocytes in

the blood, bone marrow, and lymph nodes. Its progression is

generally slow, though the clinical development can vary: some

patients remain stable for years without needing treatment, while

others require early medical intervention (4).

As CLL progresses, many patients experience symptoms that

affect their quality of life, especially regarding functional capacity

and emotional well-being. Fatigue is one of these most

characteristic symptoms (5), and directly correlates with muscle

weakness, lack of energy, and a consequent loss of physical

functionality, leading to limitations in daily activities, reduced

mobility, and, ultimately, a loss of autonomy and social interaction

(6). Additionally, side effects from CLL treatments, such as BTK

inhibitors, BCL2 inhibitors and monoclonal antibodies can

exacerbate this functional decline, creating a cycle of physical and

emotional limitations that severely impact quality of life.

The frailty phenotype involving five domains [unintentional

weight loss (10 lbs in past year), self-reported exhaustion,

weakness (grip strength), slow walking speed, and low physical

activity], and characterizes physical frailty as a subset of frailty

(7). In turn, sarcopenia was redefined in 2019 by EWGSOP2 (8)

and is now considered a syndrome characterized by progressive

and generalized decline in muscle mass, strength and function,

associated with age and leading to adverse events. Considering

this, physical frailty and sarcopenia are strongly related and

sarcopenia has been described as the biological substrate of

physical frailty (9).

The emotional aspect also plays a crucial role in CLL patients.

Literature suggests that the diagnosis and course of this chronic

disease generate high levels of stress, anxiety, and depression—

emotions that affect perceived control over the disease and the

adaptation to the diagnosis (10). This emotional burden not only

worsens other physical symptoms but can increase fatigue and

reduce motivation to participate in physical and social activities.

In light of these clinical challenges, therapeutic exercise has

proven to be a promising intervention for improving both

physical and psychological symptoms in these patients (11–15).

Specifically, strength training could help manage some of the

common adverse effects of CLL. Strengthening muscles and

increasing muscle mass helps counteract weakness and improve

functional capacity, promoting independence in daily activities

and reducing feelings of fatigue (16). Additionally, strength

training could improve bone health, joint stability, and balance,

which are often compromised in CLL patients, increasing the

risk of falls and fractures (17).

Furthermore, recent pilot studies have shown that different

types of exercise can be beneficial for patients with chronic

lymphocytic leukaemia. Moderate-intensity aerobic activity can
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improve cardiorespiratory fitness, reduce chronic fatigue and

strengthen the immune system (18) and high-intensity interval

training (HIIT) with strength training had strong effects on

muscle strength and immune function in previously untreated

older adults with CLL (19), all of which are crucial for patients

with haematological diseases such as CLL. In this regard, a

training intensity of 70% of the 1-RM with 12 repetitions has

been selected, as previous studies have indicated that lower

intensities may not provide a sufficient stimulus to counteract

sarcopenia and the functional decline associated with the disease

and its treatments (20). Therefore, this approach has been

considered optimal for maximizing benefits without

compromising patient safety.

It is also hypothesized that strength training could be

particularly beneficial given the clinical characteristics of the

disease. CLL is characterized by immune dysfunction and a high

risk of sarcopenia and bone density loss, which can significantly

reduce patients’ physical functionality. Muscle strengthening

through resistance training could mitigate these effects,

contributing to improved muscle and bone health. Furthermore,

strength training could reduce the risk of falls and fractures,

which are common issues in this population.

On the other hand, physical activity appears to have positive

emotional effects, including reductions in anxiety and depression,

which promotes better sleep (21). Beyond its physiological

benefits, regular exercise contributes to improved self-esteem and

self-perception, offering patients a sense of control over their

health. This is especially relevant in chronic diseases like CLL,

where patients often feel a loss of control (22). Thus, exercise

could not only improve quality of life but also provide a tool for

facing emotional challenges related to disease, particularly

relevant consideration in a long-term illness.

Despite this evidence, there is still limited research on the

benefits of strength training in cancer patients, and specific

studies on the effects of strength training programs in CLL are

particularly lacking. Most studies have focused on more prevalent

cancers, such as breast or prostate cancer, leaving a gap in

knowledge about the impact of exercise on hematological

diseases like CLL. Specifically, studies exploring how strength

training influences specific aspects of health in these patients

are needed.

In this context, our study aims to contribute to the existing

knowledge by evaluating the effects of a therapeutic exercise

program focused on strength training on general functional

capacity and quality of life in CLL patients. That is why we

propose a study protocol that addresses all these clinical

challenges in this type of patients, aiming to help establish

evidence-based clinical intervention protocols in the future.

As the primary objective, we aim to evaluate the effects of a

supervised therapeutic exercise program, focused on strength

training, on frailty in patients undergoing treatment for CLL.

And as secondary objectives, the following:
• To characterize and describe the functional and psychological

status of participants treated for CLL.
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• To assess the impact of a therapeutic strength-based exercise

program on quality of life in participants under treatment

for CLL.

• To assess the impact of a therapeutic strength-based exercise

program on sleep quality in participants under treatment

for CLL.

• To evaluate the impact of a therapeutic strength-based exercise

program on specific aspects of functional physical capacity in

participants treated for CLL, including fatigue, upper and

lower limb strength and walking speed.

• To assess the impact of a therapeutic strength-based exercise

program on psychological well-being in participants with

treatment for CLL, with a focus on anxiety and depression.

• To evaluate the impact of a therapeutic strength-based exercise

program on body composition and other anthropometric

variables in participants under treatment for CLL.

• To assess the impact of a therapeutic strength-based exercise

program on lipid profile and on proteins related to the

immune system and inflammation.
2 Methods and analysis

2.1 Study design and setting

An open-label, randomized controlled trial will be carried out

at the University of Salamanca’s Faculty of Nursing and

Physiotherapy (Spain), adhering to the Consolidated Standards of

Reporting Trials (CONSORT) guidelines (23). The current

treatment protocol is detailed based on SPIRIT recommendations

(24). A detailed overview of participant enrolment, interventions,

and assessments is provided in the Supplementary Material

(Supplementary Table S1). The Research Ethics Committee for

Medicinal Products of the IBSAL-Hospital Universitario de

Salamanca has approved the trial protocol (record number2024/

11), and the study will be conducted in compliance with the

Declaration of Helsinki. This clinical trial has been registered on

ClinicalTrials.gov (NCT06654206).
2.2 Participants and eligibility criteria

Participants diagnosed with Chronic Lymphocytic Leukemia

(CLL) undergoing active treatment will be recruited from the

Hematology Department of the Hospital Universitario de

Salamanca.

The inclusion criteria are as follows:

• Participants diagnosed with CLL or Small Lymphocytic

Lymphoma (SLL) undergoing active treatment.

• Participants who have not engaged in regular physical activity in

the past 8 weeks.

• Performance Status (ECOG) 0–1.

• Signed informed consent.

The exclusion criteria are:
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• The presence of any medical contraindications to physical

exercise, such as severe musculoskeletal disorders, serious

cardiovascular diseases, bone metastases, or other conditions

as determined by a healthcare professional.

• Participants unable to complete the initial evaluation tests or

who have difficulty performing basic exercises.

• Other circumstances, as determined by the researchers, that may

interfere with the study’s objectives or development.

Participants will be discontinued if they meet any of the following:

• Negative developments or progression of the tumor process.

• Severe adverse events related to exercise.

• Voluntary withdrawal from the intervention.

• New medical contraindications that prevent safe participation.

• Non-adherence to the intervention protocol that compromises

study integrity.

These criteria ensure participant safety and adherence to ethical

research guidelines.
2.3 Intervention

The exercise intervention program has been tailored for

participants diagnosed with CLL undergoing active treatment. To

ensure appropriate methodological quality and replicability of the

exercise program, the Consensus on Exercise Reporting Template

(CERT) (25) guidelines will be followed for a detailed description

of the intervention (Supplementary Table S2). It primarily

emphasizes resistance training, while also incorporating daily

aerobic activities. This intervention will span a duration of 8

weeks. The study sample will be randomly split into two groups:

the intervention group and the control group, as described below.

2.3.1 Intervention group
The intervention group will engage in a supervised resistance

training program twice a week, along with a home-based physical

activity promotion program to be completed three times a week.

All supervised training sessions will be led by a physiotherapist

at a healthcare facility.

2.3.1.1 Supervised training sessions
There will be two weekly sessions, each one lasting 50 min. Each

session will have three distinct parts:

- Warm-up: Begin with 10 min of full-body strength and aerobic

exercises focusing on the muscle groups that will be targeted in

the upcoming session. Exercise intensity will be monitored using

the 0–10 Rating of Perceived Exertion (RPE) scale, following the

recommendations of the American College of Sports Medicine

(26), participants will be required to maintain a perceived

effort of at least 6 on the RPE scale.

- Resistance Training: Participants will perform six resistance

exercises targeting the major muscle groups over a 30-minute

period. The initial load will be set at 70% of the estimated

one-repetition maximum (1-RM). When a participant

successfully completes three sets of 12 repetitions at this

weight for two consecutive sessions, the load will be increased
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by 10%. The exercises will follow a circuit format, with 30 s of

rest between exercises and 90 s of rest between sets. Exercise

intensity will be monitored using the 0–10 RPE scale,

following the recommendations of the American College of

Sports Medicine. To ensure an adequate training stimulus,

participants will be required to maintain a perceived effort of

at least 7 on the RPE scale. This approach allows for a precise

regulation of exercise intensity, considering individual

variations in training response and ensuring sufficient

overload for adaptation. For exercises that include jumps, such

as Sit-to-Stand Jumps, Single-Leg Box Step-Ups, and Jump

Squats, only body weight will be used initially. These exercises

will not progress based on 1RM but will be adjusted following

RPE, ensuring that participants maintain an appropriate

intensity while minimizing the risk of injury

- Cooldown/Mobility: Finish with 10 min of a combination of

deep breathing exercises and global mobility work to

promote recovery.

The following describes the four training sessions, which will be

repeated in order and cyclically until the 8 weeks of training

are completed.
2.3.1.1.1 Session 1

1. Warm-up (10 min)

• 2 min: Walk in circles taking advantage of the width of

the room incorporating mobility exercises.
Frontiers
○ 20 s: Just walk fast.
○ 20 s: Walk with a long stride.
○ 20 s: Shoulder circles backward.
○ 20 s: Alternating knee lifts to chest.
○ 20 s: Walk on tiptoes.
○ 20 s: Lateral movement with jogging.
• 2 min: Single-leg balance with slight knee and hip flexion,

1 min on each leg.

• 1 min: Wall/floor push-ups.

• 1 min: Wall sit.

• 2 min: Skipping.

• 2 min: Partner ball throws or wall throws.

2. Resistance Training

• Bodyweight squat.

• Romanian deadlift.

• Abdominal plank (3 set of 30 s).

• Bench press with barbell.

• Bicep curls dumbbells + shoulder flexion.

• Dumbbell rows.

*There will be 6 stations, and participants will rotate from one to

the next until completing all 6 exercises. They will do 3 sets of 12

repetitions at 70% of 1RM. For unilateral exercises, 3 sets of 12

repetitions will be performed on each side. Rest 30 s between

stations and at the end of each complete set, rest for 90 s.

3. Cool-down

• 3 min: Slow-paced walking with diaphragmatic breathing.

• 1 min: Quadriceps stretch.

• 1 min: Hamstring stretch.
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• 1 min: Calf stretch.

• 1 min: Bicep stretch.

• 1 min: Shoulder stretch.

• 2 min: Seated cervical mobility exercises.

2.3.1.1.2 Session 2

1. Warm-up (10 min)

• 2 min: Walk in circles taking advantage of the room’s

width incorporating mobility exercises.

○ 20 s: Just walk.
○ 20 s: Shoulder abduction/adduction in

transverse plane.
○ 20 s: Alternating shoulder flexion/extension.
○ 20 s: Leg lifts with straight knees alternately.
○ 20 s: Walk on tiptoes.
○ 20 s: Jumping in place.
• 2 min: Ankle proprioception on single-leg support, 1 min

on each leg.

• 1 min: Knee lift with contralateral arm raise.

• 1 min: Bodyweight squats/sit and stand from a chair.

• 2 min: Step-up with contralateral knee raise.

• 2 min: Boxing (punching forward with alternate arms at a

slow pace).

2. Resistance Training

• Forward lunge with sandbag/dumbbell/kettlebell.

• Hip thrust with barbell/kettlebell.

• Pallof press with resistance band.

• Dumbbell bench press.

• Dumbbell shoulder press.

• Sit-to-stand jumps.

*There will be 6 stations, and participants will rotate from one to

the next until completing all 6 exercises. They will do 3 sets of 12

repetitions at 70% of 1RM. Rest 30 s between stations and at the

end of each complete set, rest for 90 s.

3. Cool-down

• 3 min: Slow-paced walking with diaphragmatic breathing.

• 1 min: Quadriceps stretch.

• 1 min: Glute stretch.

• 1 min: Adductor stretch.

• 1 min: Hamstring stretch.

• 1 min: Shoulder stretch.

• 2 min: Seated cervical mobility exercises.

2.3.1.1.3 Session 3

1. Warm-up (10 min)

• 2 min: Walk in circles taking advantage of the room’s

width incorporating mobility exercises.

○ 20 s: Just walk.
○ 20 s: Elbow flexion/extension.
○ 20 s: Shoulder abduction/adduction.
○ 20 s: Hip flexion + abduction.
○ 20 s: Walking lunges.
○ 20 s: Side steps.
• 2 min: Lateral step-ups, 1 min on each leg.

• 1 min: Close-grip push-ups on wall/floor.

• 1 min: Bodyweight alternating lunges in place.
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• 2 min: Jumping jacks.

• 2 min: Bodyweight glute bridges.

2. Resistance Training

• Wide stance squat.

• Deadlift.

• Barbell rows.

• Barbell bicep curls.

• Dumbbell lateral shoulder raises.

• Single-leg box step-ups.

*There will be 6 stations, and participants will rotate from one to

the next until completing all 6 exercises. They will do 3 sets of 12

repetitions at 70% of 1RM. Rest 30 s between stations and at the

end of each complete set, rest for 90 s.

3. Cool-down

• 3 min: Slow-paced walking with diaphragmatic breathing.

• 1 min: Quadriceps stretch.

• 1 min: Glute stretch.

• 1 min: Hamstring stretch.

• 1 min: Bicep stretch.

• 1 min: Shoulder stretch.

• 2 min: Seated cervical mobility exercises.

2.3.1.1.4 Session 4

1. Warm-up (10 min)

• 2 min: Walk in circles taking advantage of the room’s

width incorporating mobility exercises.
Frontiers
○ 20 s: Just walk.
○ 20 s: Squat and stand up as you walk.
○ 20 s: Trunk rotations with shoulder push.
○ 20 s: Shoulder raises.
○ 20 s: Side lunges.
○ 20 s: Walk backward.
• 2 min: Sit and stand from a chair.

• 1 min: Theraband elbow flexion.

• 1 min: Calf raises and holds statically.

• 2 min: Jumping in place.

• 2 min: Shoulder circumduction with light weight.

2. Resistance Training

• Lateral lunge with kettlebell.

• Deadlift.

• Incline bench chest fly with dumbbells.

• Supine triceps press.

• Front shoulder raises with plate.

• Jump squats.

*There will be 6 stations, and participants will rotate from one to

the next until completing all 6 exercises. They will do 3 sets of 12

repetitions at 70% of 1RM. Rest 30 s between stations and at the

end of each complete set, rest for 90 s.

3. Cool-down

• 3 min: Slow-paced walking with diaphragmatic breathing.

• 1 min: Quadriceps stretch.

• 1 min: Glute stretch.

• 1 min: Triceps stretch.

• 1 min: Chest stretch.
in Sports and Active Living 05
• 1 min: Shoulder stretch.

• 2 min: Seated cervical mobility exercises.

2.3.1.2 Physical activity promotion
Participants will complete three weekly home training

sessions that will not coincide with supervised training days.

Each session will last 20 min, they will complete two sets of

five exercises, with one minute of work and one minute

of rest.

- Day 1

1. Sitting and standing up from a chair.

2. Lateral lunge.

3. Supine bicycle.

4. Elbow flexion with weights.

5. Lateral shoulder raises.

- Day 2
1. Lunge.

2. Quadriceps wall isometric.

3. Glute bridge.

4. Frontal shoulder raises.

5. Wall push-ups.
- Day 3

1. Walking on tiptoes.

2. 2. Squats.

3. Knee-to-chest raises.

4. Abdominal crunch.

5. Shoulder press with weights.

Additionally, all participants should walk for 60 min each day

of the week.

2.3.2 Control group
The control group will only perform the physical activity

promotion program 5 days/week. This will be combined with

walking for 60 min every day of the week.
2.4 Outcomes

During the initial assessment, all variables, including

sociodemographic factors, will be measured. After the

intervention period, all outcome variables will then be

evaluated again.

Personal and sociodemographic variables are as follows:

• Age (years)

• Gender (male/female)

• Weight (kilograms), height (meters) and body mass index (kg/

m2)

• Time since diagnosis (years and months)

• Diagnosis (CLL or small lymphocytic lymphoma)

• IGHV mutational status (mutated/unmutated)

• Number of prior lines of treatment

• Current treatment and dose

• Time under current treatment (months)

• Chromosome 17p deletion and TP53 mutation status prior to

current treatment (present/absent)

• Current treatment under clinical trial (yes/no)
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2.4.1 Primary outcomes
The primary outcome measure will be frailty: Frailty will be

assessed using the Short Physical Performance Battery (SPPB)

scale (27), which includes three components: a balance test, gait

speed, and a chair stand test. The scale has a maximum score of

12 points, with higher scores reflecting better physical function.

2.4.2 Secondary outcomes
The secondary outcomes are as follows:

• Quality of life: Quality of life will be evaluated using the

European Organization for Research and Treatment of Cancer

Quality of Life Questionnaire (EORTC QLQ). The EORTC

QLQ-C30 is a widely used tool designed to assess quality of

life in patients with cancer (28). Comprising 30 items, this

questionnaire divides 24 items across five functional domains:

physical, role, emotional, cognitive, and social. Additionally, it

includes three symptom-related scales—fatigue, pain, and

nausea/vomiting—and a global health status scale. Six further

items evaluate other symptoms, including dyspnea, appetite

loss, insomnia, constipation, and diarrhea, as well as financial

burden. Patients respond to items using a four-point scale

(“not at all”, “a little”, “quite a bit”, “very much”), except for

the overall health and quality-of-life scales, which use a seven-

point format. On the functioning and overall health and

quality-of-life scales, higher scores reflect better health status.

In contrast, higher scores on the symptom scales indicate a

greater level of symptom burden. In addition, a specific

questionnaire was used to measure quality of life in patients

with CLL, the EORTC QLQ-CLL17 questionnaire. The

EORTC QLQ-CLL17 includes 17 items, which are organized

into three multi-item subscales: symptom burden from disease

and/or treatment (six items), physical condition and fatigue

(four items), and health-related worries or fears about

functioning (seven items, with two being conditional). The

conditional items pertain to work or education and are only

rated by patients if relevant to their situation. Each item is

rated on a four-point scale (“not at all”, “a little”, “quite a

bit”, and “very much”), reflecting experiences over the past

week (29). The scoring method for the QLQ-CLL17 follows

that of the EORTC QLQ-C30, with items in each subscale

summed and converted to a standardized scale from 0 to 100.

Higher scores across all scales and individual items indicate

greater levels of symptoms or issues.

• Anxiety and depression: Anxiety and depression will be

evaluated using the Hospital Anxiety and Depression Scale

HADS, a well-established and validated questionnaire (30) for

various populations. HADS includes a total of 14 items, with

seven questions dedicated to assessing anxiety (subscale A)

and the other seven focused on depression (subscale D), each

rated on a scale of 0–3. This structure provides separate scores

for anxiety and depression.

• Fatigue: Fatigue will be evaluated using the 13-item Functional

Assessment of Cancer Therapy-Fatigue (FACT-F) subscale

(31), a self-reported tool designed to measure the severity of

fatigue in cancer patients (32, 33). This widely used scale for
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assessing cancer-related fatigue combines 27 items from the

FACT-General section with 13 additional items specific to

fatigue, resulting in a score range from 0 to 160. Higher

scores on the FACT-F indicate less fatigue.

• Sleep quality: Patient sleep quality will be assessed using the

Athens Insomnia Scale (AIS), a self-administered tool

consisting of eight items developed by Soldatos (34) and

validated for use in the Spanish population (35). The first five

items assess “sleep disturbances”—specifically, sleep onset,

nocturnal awakenings, early morning awakening, total sleep

duration, and overall sleep quality—corresponding to criterion

“A” for insomnia diagnosis under the ICD-10 classification of

mental and behavioral disorders. The last three items evaluate

“daytime consequences”, such as daytime well-being, physical

and mental functioning, and daytime sleepiness, aligned with

criterion “C” of the ICD-10. Each item is rated on a Likert

scale from 0 (“no problem”) to 3 (“significant problem”),

yielding a total score range of 0–24. Higher scores reflect

more severe impairment, with a score of ≥6 indicating the

presence of insomnia (36).

• Physical activity: The overall physical activity will be measured

with the Spanish version of the International Physical Activity

Questionnaire (IPAQ) (37). The IPAQ includes seven

questions designed to assess the duration and frequency of

physical activities at different intensity levels: Light activity

(<600 MET minutes/week), such as walking at home, at work,

or leisure walking; Moderate activity (600–3,000 MET

minutes/week), which includes activities like cycling, playing

tennis, or carrying light loads; Vigorous activity (>3,000 MET

minutes/week), involving high-intensity exercises such as

aerobic workouts, digging, or heavy lifting. Additionally, the

IPAQ evaluates inactivity over the past week, providing a

comprehensive view of the participant’s physical activity levels.

The total PA score is the sum of vigorous, moderate, and light

PA in MET minutes/week (38).

• Body composition: The collection of various variables related to

the body composition of the participants will be carried out.

Height will be measured using a measuring rod. The other

variables will be obtained using the electrical bioimpedance

technique, using the TANITA BC-418® device. Variables to be

collected include total body weight and appendicular muscle

mass (ASM), which is defined as the sum of the muscle mass

of each limb. To calculate the appendicular muscle mass index

(ASMI), the height-adjusted appendicular muscle mass

formula (AMM/height2) will be applied (8). In addition,

parameters such as visceral fat, body fat percentage (BF%) and

body mass index (BMI) will be assessed. To ensure the

accuracy of the data, all participants will be weighed with the

minimum amount of clothing and barefoot, which minimizes

variations in the measurements and ensures that the results

are representative of their actual body composition (39).

• Strength: The strength of both the lower and upper limbs will be

assessed. The Jamar® dynamometer (J00105 Lafayette

Instrument Company, USA), a hydraulic dynamometer

considered the gold standard in the evaluation of grip

strength, will be used (40). Both hands will be measured. The
frontiersin.org

https://doi.org/10.3389/fspor.2025.1534861
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/


Sánchez-González et al. 10.3389/fspor.2025.1534861
measurement will be performed following the Southampton

Protocol (41). The patient will be seated in a chair with a

backrest and the test will be explained to them. Three

consecutive measurements will be taken on the same hand with

a duration of 5 s per contraction and with an interval of 10 s

between measurements. Encouraging commands will be given

during the test to squeeze harder. The patient shall be seated in

a chair with backrest, shoulder adducted and neutrally rotated,

elbow flexed at 90°, forearm in neutral position and wrist in

slight extension (0°–30°). The second Jamar® position shall be

selected for all participants, with the exception of small hands

which shall be placed in the first position and reported. The

Jamar® measurement shall always be performed by the same

evaluator. The mean/maximum value of each hand will be

selected for analysis. The assessment of lower extremity strength

will be conducted through the Five-Repetition Sit-to-Stand Test

(5STS), a functional test that quantifies the capacity to rise and

sit from a chair without the use of the arms, thereby reflecting

lower extremity strength. An armless folding chair with a seat

height of 17 in (43.2 cm) will be utilized. The time taken to

complete the five repetitions will be recorded from the moment

the subject rises from the chair to the moment they return to

the sitting position (42).

• Physical performance: In addition to the SPPB, walking speed is

assessed as a measure of physical performance associated with

frailty using the four-meter walk test (4MWT). The patient

starts walking one meter before the start line, where the

stopwatch is activated, and is instructed to maintain his or her

usual speed until four meters past the finish line. The test is

performed three times, and the best value is recorded (43).
2.5 Sample size

The sample size was determined based on functional capacity,

assessed by the Short Physical Performance Battery (SPPB) with

scores ranging from 0 to 12 points (27). According to previous

research in subjects with similar characteristics, 1.34 points has

been established as a substantial minimum demonstrable change,

in order to avoid detection of small and irrelevant changes (44).

Furthermore, in studies with interventions shorter than 12 weeks,

with similar participants, the standard deviation of the SPPB has

been estimated to range between 1 and 1.5 points (45, 46).

Considering these data, the sample size calculation to detect a

difference equal to or greater than 1.34 points on the SPPB, with a

standard deviation of 1.3 points, accepting an alpha risk of 0.05 and

with a power of 80%, requires 18 participants in each group, also

assuming a loss rate of 15%. This calculation was performed with

GRANMO software version 7.12.
2.6 Allocation and randomization

The randomization process for this clinical trial will be

conducted using Microsoft Excel 2020, which generated a list of
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random numbers for participant assignment. Each participant

will be allocated a unique number from this list: participants

with odd numbers were assigned to the experimental group, and

those with even numbers to the control group. This method

ensures a randomized and balanced distribution between groups,

reducing potential bias and enhancing the validity of the trial

results. This process will be carried out by a member of staff

from the Haematology Department of the Hospital Universitario

de Salamanca who is not involved in the research.
2.7 Blinding

Given the study design, blinding of participants and evaluators

to the intervention will not be feasible. However, to maintain

objectivity, statistical analysis will be performed by an

independent statistician who is unaware of the participants’

group assignments.
2.8 Statistical methods

For the descriptive analysis, data normality will be assessed

using the Kolmogorov–Smirnov and Shapiro–Wilk tests

(applicable for samples where n < 30). Variables following a

normal distribution will be characterized by mean, standard

deviation, and range, while non-normally distributed variables

will be represented by median and interquartile range.

Qualitative variables will be described through frequencies

and percentages.

In terms of quantitative analysis, Pearson’s correlation

coefficient will be used to confirm the validity of the assessment

procedures chosen for this study, and Cronbach’s alpha will

verify their reliability. For comparisons between two means, we

will employ Student’s t-test (a parametric test for independent

samples), the Mann–Whitney U-test (a non-parametric test for

two independent samples), and Wilcoxon’s test (a non-

parametric test for paired data). For comparisons across three or

more means, an ANOVA will be used for independent groups

(parametric with Snedecor’s F-test and non-parametric with the

Kruskal–Wallis H-test). For repeated measures, Snedecor’s F-test

will be applied to parametric data, while Friedman’s test will be

used for non-parametric data. Correlations will be analyzed using

Pearson’s correlation for normally distributed data and

Spearman’s correlation for non-normally distributed data.

To identify variables associated with outcomes of interest, a

multivariate logistic regression analysis will be conducted. This

model will include variables that are either significant in the

bivariate analysis or pertinent to the study. For qualitative or

categorical variables, contingency tables and the Chi-square test

will be used for comparisons involving two independent samples.

p-value of less than 0.05 will be considered statistically

significant, indicating a confidence interval of 95%. Analyses will

be performed using IBM SPSS Statistics, version 28.0.1.
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3 Discussion

3.1 Potential impact and significance of the
study

The implementation of a strength-training exercise program for

patients with CLL has significant practical and clinical implications

that can transform the care and management of this disease. First

and foremost, muscle strength and endurance play a crucial role

in reducing frailty in patients with chronic lymphocytic leukemia

(CLL), who, with a median diagnosis age of 71, are at high risk of

developing this condition. Frailty is a clinical state that increases

vulnerability to adverse events and can hinder recovery and

adherence to medical treatments. Through a structured strength-

training program, patients can improve their daily functionality,

promoting independence and reducing the risk of falls and

injuries. This not only enhances their physical well-being but can

also lessen the burden on the healthcare system by reducing

hospitalizations and related complications.

Additionally, implementing a strength-training exercise

program for patients with CLL has significant clinical and

practical implications, particularly in improving their quality of

life. Regular physical activity can help mitigate treatment side

effects such as fatigue and muscle weakness and is associated

with greater emotional well-being and overall life satisfaction. By

integrating strength training into CLL management, patients are

provided with effective tools to cope with the physical and

emotional challenges of the disease, contributing to a more

comprehensive and effective approach to treatment.

The implications of exercise also extend to mental health. Research

has shown that CLL patients may experience high levels negative of

anxiety and depression, conditions that negatively affect their quality

of life. A strength-training program can act as an effective mood

regulator, helping to alleviate symptoms of anxiety and depression.

By improving patients’ self-efficacy and self-esteem through physical

strengthening, mental and emotional health can be positively

impacted. Furthermore, exercise has shown positive effects on sleep

quality, a critical aspect that is often compromised in oncology

patients. Improved sleep not only enhances physical health but also

supports emotional well-being, creating a positive cycle of health.

In conclusion, this physical exercise program could provide

substantial benefits for patients with CLL who are receiving

pharmacologic therapy. It may enhance their quality of life,

physical abilities, and potentially their clinical outcomes, while

also fostering a positive mindset and encouraging healthy lifestyle

habits. By comparing the anticipated results of this study with

existing research, it is clear that this work will make a

meaningful contribution to the current body of knowledge,

offering specific insights into the effects of exercise on CLL

patients. This will not only aid in refining current treatment

approaches but also serve as important guidance for future

research and clinical practices in this area. Despite the benefits

noted, it is also worth mentioning the potential harms induced

by the intervention that participants may suffer. Fatigue and

exhaustion may be two of the main complications associated

with the exercise programme. It will be necessary to individually
Frontiers in Sports and Active Living 08
adjust and optimise the intervention to try to prevent the

occurrence of these complications.
3.2 Limitations

This study presents three main limitations. First, the progression

of the disease itself, as well as tumor-related complications, may

result in participant dropout. Second, the presence of

comorbidities, whether pre-existing before the cancer diagnosis or

arising as a consequence of the disease and its treatment, could

affect the standardization of interventions. However, these

limitations are inherent to any complex clinical process. Third, the

side effects of oncological treatment—such as fatigue, metabolic

alterations, and immune function suppression—may impact

training capacity and progression. To address this, the study

incorporates a flexible approach to workload adjustment based on

perceived exertion (RPE ≥7), allowing for load reductions when

necessary to optimize safety and adherence (47, 48).
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material, further inquiries can be

directed to the corresponding author.
Ethics statement

The studies involving humans were approved by this study

involving human participants has been reviewed and approved

by the Research Ethics Committee for Medicinal Products of the

University Hospital of Salamanca (record number2024/11). The

studies were conducted in accordance with the local legislation

and institutional requirements. The participants provided their

written informed consent to participate in this study.
Author contributions

JS-G: Conceptualization, Funding acquisition, Investigation,

Methodology, Project administration, Resources, Software,

Supervision, Validation, Visualization, Writing – original draft,

Writing – review & editing. EF-R: Conceptualization,

Investigation, Methodology, Resources, Visualization, Writing –

original draft. RM-S: Writing – original draft, Writing – review

& editing, Conceptualization, Data curation, Formal Analysis,

Investigation, Project administration, Software. LP-F:

Conceptualization, Methodology, Project administration,

Validation, Writing – review & editing. AP-G: Conceptualization,

Methodology, Resources, Validation, Visualization, Writing –

review & editing. CR: Conceptualization, Funding acquisition,

Resources, Supervision, Visualization, Writing – review & editing.

SM-A: Conceptualization, Funding acquisition, Resources,

Visualization, Writing – review & editing. PB-B: Funding
frontiersin.org

https://doi.org/10.3389/fspor.2025.1534861
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/


Sánchez-González et al. 10.3389/fspor.2025.1534861
acquisition, Resources, Validation, Visualization, Writing – review

& editing. AN-B: Funding acquisition, Investigation, Project

administration, Resources, Validation, Visualization, Writing –

review & editing. FS-G: Funding acquisition, Project

administration, Resources, Validation, Visualization, Writing –

review & editing. CM-S: Conceptualization, Investigation,

Methodology, Project administration, Resources, Supervision,

Visualization, Writing – original draft.
Funding

The author(s) declare financial support was received for the

research, authorship, and/or publication of this article. This

research was funded by Colegio Profesional de Fisioterapeutas de

Castilla y León, Spain (CPFCYL), S/2024/01503 CO.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Frontiers in Sports and Active Living 09
Generative AI statement

The author(s) declare that no Generative AI was used in the

creation of this manuscript.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their

affiliated organizations, or those of the publisher, the editors

and the reviewers. Any product that may be evaluated in this

article, or claim that may be made by its manufacturer, is not

guaranteed or endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fspor.2025.

1534861/full#supplementary-material
References
1. American Cancer Society. Key Statistics for Chronic Lymphocytic Leukemia 2024.
Available online at: https://www.cancer.org/cancer/types/chronic-lymphocytic-
leukemia/about/key-statistics.html (Accessed November 20, 2024).

2. Hallek M. Chronic lymphocytic leukemia: 2020 update on diagnosis, risk
stratification and treatment. Am J Hematol. (2019) 94:1266–87. doi: 10.1002/ajh.25595

3. Ou Y, Long Y, Ji L, Zhan Y, Qiao T, Wang X, et al. Trends in disease burden of
chronic lymphocytic leukemia at the global, regional, and national levels from 1990 to
2019, and projections until 2030: a population-based epidemiologic study. Front
Oncol. (2022) 12:840616. doi: 10.3389/fonc.2022.840616

4. Kalloger SE, Watson A, Sajkowski S, Bolaños N, Warwick L. HSR24-164: predicting
treatment-related fatigue in the context of lymphoma and chronic lymphocytic leukemia.
J Natl Compr Canc Netw. (2024) 22:HSR24–164. doi: 10.6004/jnccn.2023.7219

5. Ghia P, Coutre SE, Cheson BD, Barrientos JC, Hillmen P, Pettitt AR, et al. Impact
of idelalisib on health-related quality of life in patients with relapsed chronic
lymphocytic leukemia in a phase III randomized trial. Haematologica. (2020) 105:
e519. doi: 10.3324/haematol.2019.238808

6. Shadman M. Diagnosis and treatment of chronic lymphocytic leukemia: a review.
JAMA. (2023) 329:918. doi: 10.1001/jama.2023.1946

7. Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J, et al.
Frailty in older adults: evidence for a phenotype. J Gerontol A Biol Sci Med Sci.
(2001) 56:M146–57. doi: 10.1093/gerona/56.3.M146

8. Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyère O, Cederholm T, et al.
Sarcopenia: revised European consensus on definition and diagnosis. Age Ageing.
(2019) 48:16–31. doi: 10.1093/ageing/afy169

9. Cruz-Jentoft AJ, Sayer AA. Sarcopenia. Lancet. (2019) 393:2636–46. doi: 10.1016/
S0140-6736(19)31138-9

10. Chan KY, Chan TSY, Gill H, Chan TCW, Li CW, Au HY, et al. Supportive care
and symptom management in patients with advanced hematological malignancies: a
literature review. Ann Palliat Med. (2022) 11:3273–91. doi: 10.21037/apm-22-691

11. Cannella L, Caocci G, Jacobs M, Vignetti M, Mandelli F, Efficace F. Health-
related quality of life and symptom assessment in randomized controlled trials of
patients with leukemia and myelodysplastic syndromes: what have we learned? Crit
Rev Oncol Hematol. (2015) 96:542–54. doi: 10.1016/j.critrevonc.2015.07.012

12. Robbertz AS, Weiss DM, Awan FT, Byrd JC, Rogers KA, Woyach JA. Identifying
risk factors for depression and anxiety symptoms in patients with chronic lymphocytic
leukemia. Support Care Cancer. (2020) 28:1799–807. doi: 10.1007/s00520-019-04991-y

13. Scarfò L, Ferreri AJM, Ghia P. Chronic lymphocytic leukaemia. Crit Rev Oncol
Hematol. (2016) 104:169–82. doi: 10.1016/j.critrevonc.2016.06.003
14. Papadopetraki A, Giannopoulos A, Maridaki M, Zagouri F, Droufakou S,
Koutsilieris M, et al. The role of exercise in cancer-related sarcopenia
and sarcopenic obesity. Cancers (Basel). (2023) 15:5856. doi: 10.3390/
cancers15245856

15. Lemanne D, Cassileth B, Gubili J. The role of physical activity in cancer
prevention, treatment, recovery, and survivorship. Oncology (Williston Park). (2013)
27:580–5.

16. Campbell KL, Winters-Stone KM, Wiskemann J, May AM, Schwartz AL,
Courneya KS, et al. Exercise guidelines for cancer survivors: consensus statement
from international multidisciplinary roundtable. Med Sci Sports Exerc. (2019)
51:2375–90. doi: 10.1249/MSS.0000000000002116

17. Sitlinger A, Brander DM, Bartlett DB. Impact of exercise on the immune system
and outcomes in hematologic malignancies. Blood Adv. (2020) 4:1801–11. doi: 10.
1182/bloodadvances.2019001317

18. Crane JC, Gordon MJ, Basen-Engquist K, Ferrajoli A, Markofski MM, Lee CY,
et al. Relationships between T-lymphocytes and physical function in adults with
chronic lymphocytic leukemia: results from the HEALTH4CLL pilot study. Eur
J Haematol. (2023) 110:732–42. doi: 10.1111/ejh.13958

19. MacDonald G, Sitlinger A, Deal MA, Hanson ED, Ferraro S, Pieper CF, et al. A
pilot study of high-intensity interval training in older adults with treatment naïve
chronic lymphocytic leukemia. Sci Rep. (2021) 11:23137. doi: 10.1038/s41598-021-
02352-6

20. Strasser B, Steindorf K, Wiskemann J, Ulrich CM. Impact of resistance training
in cancer survivors: a meta-analysis. Med Sci Sports Exerc. (2013) 45:2080–90. doi: 10.
1249/MSS.0b013e31829a3b63

21. Sitlinger A, Thompson DP, Deal MA, Garcia E, Stewart T, Guadalupe E, et al.
Exercise and chronic lymphocytic leukemia (CLL)—relationships among physical
activity, fitness, & inflammation, and their impacts on CLL patients. Blood. (2018)
132:5540. doi: 10.1182/blood-2018-99-117736

22. Takemura N, Cheung DST, Smith R, Deng W, Ho KY, Lin J, et al. Effectiveness
of aerobic exercise and mind-body exercise in cancer patients with poor sleep quality:
a systematic review and meta-analysis of randomized controlled trials. Sleep Med Rev.
(2020) 53:101334. doi: 10.1016/j.smrv.2020.101334

23. Moher D, Hopewell S, Schulz KF, Montori V, Gotzsche PC, Devereaux PJ, et al.
CONSORT 2010 explanation and elaboration: updated guidelines for reporting parallel
group randomised trials. Br Med J. (2010) 340:c869. doi: 10.1136/bmj.c869

24. Chan A-W, Tetzlaff JM, Altman DG, Laupacis A, Gøtzsche PC, Krleža-Jerić K,
et al. SPIRIT 2013 statement: defining standard protocol items for clinical trials. Ann
Intern Med. (2013) 158:200. doi: 10.7326/0003-4819-158-3-201302050-00583
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fspor.2025.1534861/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fspor.2025.1534861/full#supplementary-material
https://www.cancer.org/cancer/types/chronic-lymphocytic-leukemia/about/key-statistics.html
https://www.cancer.org/cancer/types/chronic-lymphocytic-leukemia/about/key-statistics.html
https://doi.org/10.1002/ajh.25595
https://doi.org/10.3389/fonc.2022.840616
https://doi.org/10.6004/jnccn.2023.7219
https://doi.org/10.3324/haematol.2019.238808
https://doi.org/10.1001/jama.2023.1946
https://doi.org/10.1093/gerona/56.3.M146
https://doi.org/10.1093/ageing/afy169
https://doi.org/10.1016/S0140-6736(19)31138-9
https://doi.org/10.1016/S0140-6736(19)31138-9
https://doi.org/10.21037/apm-22-691
https://doi.org/10.1016/j.critrevonc.2015.07.012
https://doi.org/10.1007/s00520-019-04991-y
https://doi.org/10.1016/j.critrevonc.2016.06.003
https://doi.org/10.3390/cancers15245856
https://doi.org/10.3390/cancers15245856
https://doi.org/10.1249/MSS.0000000000002116
https://doi.org/10.1182/bloodadvances.2019001317
https://doi.org/10.1182/bloodadvances.2019001317
https://doi.org/10.1111/ejh.13958
https://doi.org/10.1038/s41598-021-02352-6
https://doi.org/10.1038/s41598-021-02352-6
https://doi.org/10.1249/MSS.0b013e31829a3b63
https://doi.org/10.1249/MSS.0b013e31829a3b63
https://doi.org/10.1182/blood-2018-99-117736
https://doi.org/10.1016/j.smrv.2020.101334
https://doi.org/10.1136/bmj.c869
https://doi.org/10.7326/0003-4819-158-3-201302050-00583
https://doi.org/10.3389/fspor.2025.1534861
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/


Sánchez-González et al. 10.3389/fspor.2025.1534861
25. Slade SC, Dionne CE, Underwood M, Buchbinder R. Consensus on exercise
reporting template (CERT): explanation and elaboration statement. Br J Sports Med.
(2016) 50:1428–37. doi: 10.1136/bjsports-2016-096651

26. Liguori G. ACSM’s Guidelines for Exercise Testing and Prescription. 11th ed.
Philadelphia, PA: Wolters Kluwer (2021).

27. Guralnik JM, Simonsick EM, Ferrucci L, Glynn RJ, Berkman LF, Blazer DG,
et al. A short physical performance battery assessing lower extremity function:
association with self-reported disability and prediction of mortality and nursing
home admission. J Gerontol. (1994) 49:M85–94. doi: 10.1093/geronj/49.2.M85

28. Aaronson NK, Ahmedzai S, Bergman B, Bullinger M, Cull A, Duez NJ, et al. The
European organization for research and treatment of cancer QLQ-C30: a quality-of-
life instrument for use in international clinical trials in oncology. JNCI J Natl
Cancer Inst. (1993) 85:365–76. doi: 10.1093/jnci/85.5.365

29. Van De Poll-Franse L, Oerlemans S, Bredart A, Kyriakou C, Sztankay M, Pallua
S, et al. International development of four EORTC disease-specific quality of life
questionnaires for patients with Hodgkin lymphoma, high- and low-grade non-
Hodgkin lymphoma and chronic lymphocytic leukaemia. Qual Life Res. (2018)
27:333–45. doi: 10.1007/s11136-017-1718-y

30. Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta
Psychiatr Scand. (1983) 67:361–70. doi: 10.1111/j.1600-0447.1983.tb09716.x

31. Yellen SB, Cella DF, Webster K, Blendowski C, Kaplan E. Measuring fatigue and
other anemia-related symptoms with the functional assessment of cancer therapy
(FACT) measurement system. J Pain Symptom Manage. (1997) 13:63–74. doi: 10.
1016/S0885-3924(96)00274-6

32. Lee E-H, Chun M, Kang S, Lee H-J. Validation of the functional assessment of
cancer therapy-general (FACT-G) scale for measuring the health-related quality of life
in Korean women with breast cancer. Jpn J Clin Oncol. (2004) 34:393–9. doi: 10.1093/
jjco/hyh070

33. Minton O, Stone P. A systematic review of the scales used for the measurement
of cancer-related fatigue (CRF). Ann Oncol. (2009) 20:17–25. doi: 10.1093/annonc/
mdn537

34. Soldatos CR, Dikeos DG, Paparrigopoulos TJ. Athens insomnia scale: validation
of an instrument based on ICD-10 criteria. J Psychosom Res. (2000) 48:555–60. doi: 10.
1016/S0022-3999(00)00095-7

35. Catalan A, Salazar de Pablo G, Vaquerizo Serrano J, Mosillo P, Baldwin H,
Fernández-Rivas A, et al. Annual research review: prevention of psychosis in
adolescents—systematic review and meta-analysis of advances in detection,
prognosis and intervention. J Child Psychol Psychiatry. (2021) 62:657–73. doi: 10.
1111/jcpp.13322

36. Soldatos CR, Dikeos DG, Paparrigopoulos TJ. The diagnostic validity of the
Athens insomnia scale. J Psychosom Res. (2003) 55:263–7. doi: 10.1016/S0022-3999
(02)00604-9
Frontiers in Sports and Active Living 10
37. Craig CL, Marshall AL, Michael M, Bauman AE, Booth ML, Ainsworth BE,
et al. International physical activity questionnaire: 12-country reliability and
validity. Med Sci Sports Exerc. (2003) 35:1381–95. doi: 10.1249/01.MSS.0000078924.
61453.FB

38. Hurtig-Wennlöf A, Hagströmer M, Olsson LA. The international physical
activity questionnaire modified for the elderly: aspects of validity and feasibility.
Public Health Nutr. (2010) 13:1847–54. doi: 10.1017/S1368980010000157

39. Kyle UG, Bosaeus I, De Lorenzo AD, Deurenberg P, Elia M, Manuel Gómez J,
et al. Bioelectrical impedance analysis—part II: utilization in clinical practice. Clin
Nutr. (2004) 23:1430–53. doi: 10.1016/j.clnu.2004.09.012

40. Roberts HC, Denison HJ, Martin HJ, Patel HP, Syddall H, Cooper C, et al. A
review of the measurement of grip strength in clinical and epidemiological studies:
towards a standardised approach. Age Ageing. (2011) 40:423–9. doi: 10.1093/ageing/
afr051

41. Dodds RM, Syddall HE, Cooper R, Kuh D, Cooper C, Sayer AA. Global variation
in grip strength: a systematic review and meta-analysis of normative data. Age Ageing.
(2016) 45:209–16. doi: 10.1093/ageing/afv192

42. Schaubert KL, Bohannon RW. Reliability and validity of three strength measures
obtained from community-dwelling elderly persons. J Strength Cond Res. (2005)
19:717. doi: 10.1519/R-15954.1

43. Bohannon RW. Population representative gait speed and its determinants.
J Geriatr Phys Ther. (2008) 31:49–52. doi: 10.1519/00139143-200831020-00002

44. Perera S, Mody SH, Woodman RC, Studenski SA. Meaningful change and
responsiveness in common physical performance measures in older adults. J Am
Geriatr Soc. (2006) 54:743–9. doi: 10.1111/j.1532-5415.2006.00701.x

45. Bandinelli S, Lauretani F, Boscherini V, Gandi F, Pozzi M, Corsi AM, et al. A
randomized, controlled trial of disability prevention in frail older patients screened
in primary care: the FRASI study. Design and baseline evaluation. Aging Clin Exp
Res. (2006) 18:359–66. doi: 10.1007/BF03324831

46. Gutiérrez-Reguero H, Buendía-Romero Á, Franco-López F, Martínez-Cava A,
Hernández-Belmonte A, Courel-Ibáñez J, et al. Effects of multicomponent
training and HMB supplementation on disability, cognitive and physical
function in institutionalized older adults aged over 70 years: a cluster-randomized
controlled trial. J Nutr Health Aging. (2024) 28:100208. doi: 10.1016/j.jnha.2024.
100208

47. Fairman CM, Zourdos MC, Helms ER, Focht BC. A scientific rationale to
improve resistance training prescription in exercise oncology. Sports Med. (2017)
47:1457–65. doi: 10.1007/s40279-017-0673-7

48. Kirkham AA, Eves ND, Shave RE, Bland KA, Bovard J, Gelmon KA, et al. The
effect of an aerobic exercise bout 24 h prior to each doxorubicin treatment for breast
cancer on markers of cardiotoxicity and treatment symptoms: a RCT. Breast Cancer
Res Treat. (2018) 167:719–29. doi: 10.1007/s10549-017-4554-4
frontiersin.org

https://doi.org/10.1136/bjsports-2016-096651
https://doi.org/10.1093/geronj/49.2.M85
https://doi.org/10.1093/jnci/85.5.365
https://doi.org/10.1007/s11136-017-1718-y
https://doi.org/10.1111/j.1600-0447.1983.tb09716.x
https://doi.org/10.1016/S0885-3924(96)00274-6
https://doi.org/10.1016/S0885-3924(96)00274-6
https://doi.org/10.1093/jjco/hyh070
https://doi.org/10.1093/jjco/hyh070
https://doi.org/10.1093/annonc/mdn537
https://doi.org/10.1093/annonc/mdn537
https://doi.org/10.1016/S0022-3999(00)00095-7
https://doi.org/10.1016/S0022-3999(00)00095-7
https://doi.org/10.1111/jcpp.13322
https://doi.org/10.1111/jcpp.13322
https://doi.org/10.1016/S0022-3999(02)00604-9
https://doi.org/10.1016/S0022-3999(02)00604-9
https://doi.org/10.1249/01.MSS.0000078924.61453.FB
https://doi.org/10.1249/01.MSS.0000078924.61453.FB
https://doi.org/10.1017/S1368980010000157
https://doi.org/10.1016/j.clnu.2004.09.012
https://doi.org/10.1093/ageing/afr051
https://doi.org/10.1093/ageing/afr051
https://doi.org/10.1093/ageing/afv192
https://doi.org/10.1519/R-15954.1
https://doi.org/10.1519/00139143-200831020-00002
https://doi.org/10.1111/j.1532-5415.2006.00701.x
https://doi.org/10.1007/BF03324831
https://doi.org/10.1016/j.jnha.2024.100208
https://doi.org/10.1016/j.jnha.2024.100208
https://doi.org/10.1007/s40279-017-0673-7
https://doi.org/10.1007/s10549-017-4554-4
https://doi.org/10.3389/fspor.2025.1534861
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/

	Effects of a strength physical exercise program in chronic lymphocytic leukemia patients on quality of life, mental health, and frailty: a randomized controlled trial study protocol
	Introduction
	Methods and analysis
	Study design and setting
	Participants and eligibility criteria
	Intervention
	Intervention group
	Supervised training sessions
	Session 1
	Session 2
	Session 3
	Session 4

	Physical activity promotion

	Control group

	Outcomes
	Primary outcomes
	Secondary outcomes

	Sample size
	Allocation and randomization
	Blinding
	Statistical methods

	Discussion
	Potential impact and significance of the study
	Limitations

	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher's note
	Supplementary material
	References


