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Surveying physical activity and
nutritional status of pediatric
leukemia patients

Ahlam Saleh Alhajri*

Department of Food and Nutrition Sciences, College of Agricultural and Food Sciences,
King Faisal University, Al-Ahsa, Saudi Arabia

Background: Pediatric leukemia treatment often leads to challenges in
maintaining adequate physical activity and nutritional status, both of which are
crucial for overall health and recovery. Despite their importance, few studies
have explored the interplay between physical activity, nutrition, and treatment
stages in children undergoing leukemia treatment.

Aim: This study aimed to evaluate the physical activity levels and nutritional
status of pediatric leukemia patients, examining how these factors vary by
gender, age, leukemia type, and treatment stage.

Methods: A cross-sectional survey was conducted among 337 pediatric
leukemia patients aged 6 to 12 years in Saudi Arabia. Data on physical activity
and dietary habits were collected using an online questionnaire. Descriptive
statistics, T-tests, and ANOVA were used to analyze the data.

Results: The study found that 60% of participants failed to meet recommended
physical activity levels. Males had significantly better nutrient-rich diets compared
to females (Mean = 4.22 vs. 2.86, p < 0.0001). Children in the remission phase
reported the lowest engagement in physical activity (Mean = 2.53, p < 0.0001),
while those in the maintenance phase exhibited the highest energy levels
(Mean = 445, p <0.0001). Age differences were significant in motivation to
participate in physical activities, with children aged 8-9 years reporting higher
motivation (Mean = 2.97, p = 0.0249).

Conclusion: The study highlights significant differences in physical activity and
nutritional status based on gender, age, leukemia type, and treatment stage.
Integrating personalized physical activity and nutritional interventions into
pediatric leukemia care is essential for improving health outcomes and quality
of life during treatment.
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Introduction

Leukemia is the most common pediatric cancer, accounting for approximately 30% of
childhood malignancies worldwide (1). In 2020, 67,008 new cases of chronic leukemia (CL)
were recorded globally, with a higher incidence in males (57.85%) compared to females
(42.15%). The age-standardized incidence rate (ASIR) for CL was highest in North America
(5.4), followed by Europe (5.2), Latin America (4.9), Oceania (4.6), Asia (4.0), and Africa (1.4)
(2). That same year, CL-related deaths totaled 25,080, again with a higher mortality rate among
males (58.86%) than females (41.44%).
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Pediatric leukemia patients face significant health challenges due to
the disease itself and its treatment, particularly regarding physical
activity and nutrition. Leukemia treatments, including chemotherapy
and radiation, often result in fatigue, muscle atrophy, and metabolic
disturbances, negatively impacting physical activity levels (3, 4). Studies
indicate that regular physical activity can mitigate these effects. For
example, research shows that engaging in moderate physical activity
during and after leukemia treatment leads to improved muscle strength,
cardiovascular health, and overall physical function (5-8). A meta-
analysis reported that structured exercise interventions improved fatigue
levels by 25% and enhanced physical endurance by 20% in pediatric
cancer patients. Additionally, exercise has been linked to improved
mental health, with reductions in anxiety and depression symptoms by
up to 30% in children undergoing leukemia treatment (9-12).

Despite these benefits, participation in physical activity among
pediatric leukemia patients remains low, primarily due to treatment
side effects, fatigue, and parental concerns about safety (13-16). The
lack of standardized exercise guidelines tailored for this population
further complicates the implementation of physical activity programs.
Given the variability in individual health conditions and treatment
stages, personalized exercise recommendations are necessary to
optimize benefits without causing harm.

Nutritional challenges are another critical concern. Many pediatric
leukemia patients experience malnutrition due to poor appetite, nausea,
and gastrointestinal issues caused by chemotherapy (17-20). Both
undernutrition and unhealthy weight gain have been reported, with
studies indicating that up to 40% of pediatric leukemia patients suffer
from malnutrition at some stage during treatment (21-23). Malnutrition
has been linked to poorer treatment outcomes, including a 35% increased
risk of infections, prolonged hospital stays, and reduced chemotherapy
tolerance (24, 25). Nutritional interventions, such as individualized meal
plans and supplementation, have shown promising results in preventing
weight loss and managing nutrient deficiencies. One study demonstrated
that targeted nutritional support reduced hospital readmission rates by
20% and improved treatment tolerance (26, 27). However, studies have
shown that general dietary advice without personalization often fails to
address the complex nutritional needs of these patients (21-23, 28-31).

Although physical activity and nutrition are critical for
maintaining health during leukemia treatment, research often
addresses these factors separately. However, muscle wasting and
metabolic disturbances linked to treatment-related inactivity suggest
an interplay between nutrition and exercise. A holistic approach that
integrates both aspects could provide a more comprehensive
framework for improving pediatric leukemia patients’ overall health
and recovery. This study aims to assess the combined impact of
physical activity and nutritional status in pediatric leukemia patients,
identifying patterns, challenges, and opportunities for intervention.
By bridging the gap between these two areas, the research seeks to
provide evidence-based strategies for enhancing the quality of life and
treatment outcomes in children undergoing leukemia therapy.

Methods
Study settings and participants

This study was conducted in pediatric oncology units across public
hospitals in Saudi Arabia, specifically targeting children diagnosed with
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leukemia aged 6 to 12years. The selected hospitals provide
comprehensive care for pediatric cancer patients, including treatment
and supportive services. The target population for this study consisted
of children aged 6 to 12 years who have been diagnosed with leukemia
and are currently receiving treatment, whether it be chemotherapy,
radiotherapy, or a combination of therapies. To ensure a representative
sample, participants were recruited from both inpatient and outpatient
settings within the pediatric oncology units of the participating hospitals.

Inclusion criteria for the study

o Children aged 6 to 12 years.

o A confirmed diagnosis of leukemia (acute lymphoblastic
leukemia, acute myeloid leukemia, or other specified types).

o Currently undergoing treatment for leukemia.

« Ability to understand and respond to survey questions, with the
assistance of a parent or guardian.

Exclusion criteria

o Children with significant comorbidities or chronic illnesses that
could impact physical activity levels or nutritional status, such as
metabolic disorders or severe developmental disabilities.

o Children who are non-verbal or unable to provide informed
consent, even with parental assistance.

Recruitment process

Participants were recruited from pediatric oncology units within
public hospitals in Saudi Arabia. The study targeted children aged
6-12 diagnosed with leukemia and currently undergoing treatment.
This population was chosen to understand physical activity and
nutritional needs in pediatric leukemia patients, aiming to guide
healthcare improvements. Recruitment was done through:

 Hospital Records Review: Identifying eligible patients based on
age and diagnosis.

 Direct Contact: Hospital staff approached families during
clinic visits to explain the study, answer questions, and
invite participation.

« Information Sessions: Conducted in oncology units to provide
study details and its potential benefits.

This population was selected to reflect a range of treatment stages,
leukemia types, and demographic backgrounds. This diversity allows
for a comprehensive assessment of how different factors influence
physical activity and nutrition in pediatric leukemia patients.

Consent procedures

Informed consent was mandatory from all participants’ parents or
guardians before enrollment. The consent process involved:

o Informative Overview: Providing parents with clear

information on the study’s objectives, voluntary nature, and
confidentiality measures.
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« Child Assent: When appropriate, children were also informed
about the study in age-appropriate terms and asked for
their assent.

« Emphasis on Voluntary Participation: Families were assured of
their right to withdraw at any time, with no impact on
medical care.

Confidentiality Assurance: Data anonymization was emphasized,

ensuring  responses would not be linked to

identifiable information.

These procedures helped ensure informed and voluntary
participation, respecting ethical considerations for research involving
minors and vulnerable populations.

An online survey instrument was utilized to collect data, allowing
for broad participation while ensuring convenience for both the
children and their caregivers. The survey was designed to be user-
friendly, incorporating visual aids and simplified language to
accommodate the developmental level of the target age group. Parents
or guardians were required to provide consent prior to the children’s
participation in the survey, and they assisted their children in
completing the online questionnaire when necessary.

Sampling

A stratified random sampling method (32) was employed to
ensure a representative sample of pediatric leukemia patients aged 6
to 12 years. Participants were stratified based on key variables,
including hospital affiliation, gender, age group (sub-categorized into
6-7 years, 8-9 years, and 10-12 years), and type of leukemia (e.g.,
acute lymphoblastic leukemia, acute myeloid leukemia) to evaluate
potential differences in physical activity levels and nutritional status.
The target sample size was calculated using Cochran’s formula (33),
aiming for a minimum of 300 to achieve sufficient statistical power for
analysis. Eligible participants were identified through medical records
at participating hospitals, and families were approached during
routine clinic visits or hospital admissions, with parents or guardians
invited to consent to their child’s participation in the online survey. To
enhance participation rates, outreach efforts included information
sessions in pediatric oncology units to explain the study’s purpose and
follow-up communications to remind families about the survey.

Questionnaire design

The survey aims to gather comprehensive data on the physical
activity levels and nutritional intake of children diagnosed with
leukemia. The questionnaire consists of multiple sections that cover
demographics, physical activity patterns, dietary habits, potential
correlations between physical activity and nutrition, and barriers to
maintaining an active lifestyle and healthy diet during treatment.

Section 1 collects demographic information about the child,
including age, gender, duration since diagnosis, treatment phase, and
type of leukemia, which are crucial for understanding the background
of the participants and analyzing how these factors may influence their
physical activity and nutritional status. Section 2 focuses on physical
activity patterns, asking caregivers about the frequency of their child’s
engagement in various physical activities, energy levels, participation
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in structured exercise, and perceived motivation. This section uses a
Likert scale to quantify responses, allowing for nuanced insights into
the children’s activity levels and any challenges they may face. Section
3 evaluates nutritional intake and dietary habits, asking caregivers
about their child’s eating patterns, diet quality, consumption of high-
sugar or high-fat foods, and challenges related to treatment side
effects. This section also employs a Likert scale to gauge the frequency
of these dietary behaviors. Section 4 explores the correlations between
physical activity and nutritional status, investigating how physical
activity affects appetite, the relationship between physical health and
dietary balance, and how energy levels may fluctuate based on
nutrition. Section 5 identifies barriers to physical activity and
nutrition, including treatment-related fatigue, side effects, family or
environmental factors, and emotional challenges. This section
provides insight into the difficulties families encounter in supporting
their child’s health during treatment. The survey tool utilized Likert-
scale questions with response categories designed to have regular
intervals, allowing for meaningful comparisons and statistical
calculations. The scale used in most sections followed a five-point
structure (e.g., Never-Rarely-Sometimes—Often-Always or Very
Poor-Poor-Average-Good-Excellent), which was treated as an
ordinal variable but assumed to approximate interval-level data based
on prior studies using similar methodologies.

To ensure clarity and accuracy in responses, the questionnaire was
carefully designed with caregiver comprehension in mind. For
subjective measures such as energy levels and motivation, caregivers
were provided with contextual examples and guided descriptors
within the survey to help them assess and classify their child’s
experiences on the Likert scale. For instance, ‘structured exercise’ was
explicitly defined with examples such as physical therapy or sports to
facilitate a shared understanding. Similarly, energy levels were assessed
based on observable daily activity patterns rather than requiring
caregivers to make clinical calculations.

Regarding dietary habits, caregivers were asked about general
patterns rather than requiring precise nutritional calculations. The
questionnaire inquired about the frequency of consuming nutrient-
rich foods (e.g., fruits, vegetables, whole grains) and high-sugar or
high-fat foods (e.g., sweets, fast food), using layman’s terms rather
than complex nutritional metrics. This approach ensured accessibility
while capturing essential dietary trends.

For sections investigating the impact of physical activity on
nutrition and energy fluctuations, questions were framed based on
observable behaviors. Caregivers were asked to assess changes in
appetite following physical activity and their perceptions of how
overall diet quality influenced energy levels. Similarly, barriers such as
treatment-related fatigue and emotional challenges were examined
using caregiver observations of their child’s struggles rather than
requiring medical expertise.

While several validated tools, such as STRONGkids, SGNA, and
STAMP, are commonly used to assess pediatric nutritional status, this
study employed a tailored questionnaire to capture leukemia-specific
dietary considerations. Existing tools primarily focus on general
pediatric populations or malnutrition risk screening, whereas our
instrument was designed to assess the interplay between physical
activity and nutrition in pediatric leukemia patients within the
Saudi Arabian healthcare context. The questionnaire incorporated
elements from validated tools while expanding its scope to include
chemotherapy-related appetite changes, treatment-induced metabolic
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alterations, and dietary intake patterns. This approach allowed for a
more comprehensive, leukemia-specific assessment while maintaining
feasibility within an online survey format.

A certified translator (34) translated the questionnaire from
English to Arabic. The accuracy of the translated version was
subsequently validated by two professors from the eHealth department
at King Faisal University. They proposed several grammatical
adjustments, which were incorporated into the Arabic version of the
questionnaire. To further refine the instrument, a pilot study was
conducted with a sample of 11 parents of leukemia affected children.
The data collected from this exploratory study were analyzed, and the
Cronbach’s alpha coefficient for all items was calculated. The
coeflicient exceeded 0.7, indicating robust internal consistency and
reliability of the questionnaire (35).

To ensure construct validity, the questionnaire was developed
based on an extensive literature review of validated instruments used
in pediatric oncology and nutrition research. The dimensions assessed
(e.g., physical activity frequency, energy levels, and meal patterns)
were aligned with established concepts in pediatric health and
nutritional science. Additionally, expert validation was conducted,
where specialists in pediatric oncology, nutrition, and survey
methodology reviewed the tool to confirm that the questions
appropriately captured the intended constructs.

For criterion validity, the tool was pilot-tested with a sample of
parents of pediatric leukemia patients (n=11) to assess clarity,
reliability, and relevance. The internal consistency of the tool was
evaluated using Cronbach’s alpha, which exceeded 0.7, indicating
acceptable reliability. While direct validation against clinical measures
(e.g., biochemical markers) was not conducted due to the survey-
based nature of the study, the tool was designed to be comparable to
similar validated instruments in pediatric health research.

Data collection

Data for this study were collected over 4 weeks using a structured
survey questionnaire, available in both English and Arabic. The
questionnaire was distributed exclusively through online platforms to
ensure broad accessibility and convenience for participants across
various regions in Saudi Arabia, including urban, suburban, and rural
areas. The online distribution leveraged social media, hospital
networks, and community forums to reach a diverse population. This
digital approach facilitated the collection of comprehensive data
ensuring participants could complete the survey at their convenience.
At the end of 4 weeks, 352 responses were received, out of which 15
responses were incomplete. After removing incomplete responses, a
final sample of 337 was considered for data analysis.

Data analysis

To achieve the study’s objectives, the data were analyzed using the
Statistical Package for the Social Sciences (SPSS, IBM Version 24).
Descriptive statistics, including means and standard deviations, were
employed to present the demographic characteristics of the
participants. Given the relatively large sample size, we used the mean
as the primary measure of central tendency, which is a common
approach when Likert scales are structured with evenly spaced
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response options. Additionally, the standard deviation was included
to reflect variability in responses, and in cases where response
distributions were skewed, the median was considered for
supplementary analysis. We recognize that for strictly ordinal data, the
median is often preferred; however, in this study, the decision to use
the mean was based on the practical interpretability of results,
comparability with similar research, and the fact that Likert responses
were assumed to be equidistant. Additionally, a two-sample t-test with
unequal variances and a one-way ANOVA were conducted to analyze
the data further.

Ethical considerations

This study adhered to strict ethical guidelines to ensure the safety
and well-being of participants, particularly given the vulnerable nature
of pediatric leukemia patients. Ethical approval was obtained from the
relevant institutional review board at King Faisal University
(KFU-REC-2024-OCT-ETHICS2707).
required from parents or guardians before participation, providing

Informed consent was
detailed information about the study’s purpose, procedures, potential
risks, and benefits. Assent from the children was sought where
appropriate. Participant confidentiality was ensured by anonymizing
all data collected through the online survey, and it was made clear that
participation was voluntary, with the option to withdraw at any time
without affecting medical care. Measures were also in place to manage
any distress caused by survey questions, allowing participants to skip
uncomfortable items.

Results

Furthermore, the mean value of 3.21 for the question regarding
how often the child experiences difficulty eating due to nausea, loss of
appetite, or other treatment-related symptoms indicates that, on
these difficulties
“Sometimes.” Findings also indicated positive perceptions regarding

average, participants report experiencing
the interplay between physical activity, overall health, and nutrition
among pediatric leukemia patients. The mean value of 4.04 for the
impact of physical activity on appetite suggests that caregivers believe
increased physical activity strongly stimulates hunger and encourages
healthier eating behaviors in their children. Similarly, the mean value
of 4.07 reflects a strong perception that the child’s overall physical
health is closely linked to their ability to maintain a balanced diet,
highlighting the importance of good health in facilitating proper
nutrition. Lastly, a mean of 4.05 indicates that caregivers feel the child’s
energy levels for physical activities significantly vary based on their
nutrition, reinforcing the idea that dietary intake directly influences
physical performance and overall well-being in children undergoing
treatment (Tables 1, 2).

The analysis of the T-test results in Table 3 indicates that gender
influences certain physical activity and nutritional factors among
participants. Males reported slightly higher engagement in physical
activities (Mean = 3.70) and energy levels (Mean = 3.86) than females
(Means = 3.55 and 3.67, respectively), but these differences were not
statistically significant (p = 0.3343 and p = 0.1704). Males also had
lower engagement in structured exercise (Mean = 2.66) compared to
females (Mean = 2.85), with a non-significant p-value of 0.2358.
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TABLE 1 Participants demographics.

10.3389/fnut.2025.1519399

Variables N Relative frequency
Gender Male 187 55.5%
Female 150 44.5%
Leukemia type Acute Lymphoblastic Leukemia (ALL) 33 9.8%
Acute Myeloid Leukemia (AML) 90 26.7%
Chronic Lymphocytic Leukemia (CLL) 42 12.5%
Chronic Myeloid Leukemia (CML) 5 1.5%
Juvenile Myelomonocytic Leukemia (JMML) 61 18.1%
Mixed Phenotype Acute Leukemia (MPAL) 106 31.5%
Age (in years) 6-7 73 21.7%
8-9 99 29.4%
10-12 165 49.0%
Treatment Stage Initial treatment 68 20.2%
Maintenance phase 136 40.4%
Relapse 69 20.5%
Remission 64 19.0%
TABLE 2 Participants physical activity and nutritional (diet) related factors.
Factors Mean Standard Deviation
Physical Activities Engagement in physical activities such as 3.63 1.44
walking, running, or playing
Child’s energy levels 3.77 1.29
Engagement in structured exercise (e.g., 2.74 1.45
physical therapy, sports)
Motivation to participate in physical 2.62 1.51
activities
Dietary habits Child consumption of meals according to a 3.49 1.45
regular eating schedule
Quality of the child’s diet in terms of 3.61 1.37
nutrient-rich foods
Frequency of consuming high-sugar or 3.87 1.14
high-fat foods

Notably, males exhibited significantly better diet quality in terms of
nutrient-rich foods (Mean = 4.22) compared to females (Mean = 2.86),
with a significant difference (p < 0.0001). Other factors, like meal
consumption regularity and high-sugar food frequency, showed no
significant gender differences. Overall, only the quality of the child’s
diet revealed a significant difference based on gender.

The ANOVA results in Table 4 reveal significant differences in
physical activity and nutritional factors among participants based on
the type of leukemia. Engagement in physical activities showed a
significant variance (p =0.007), with an overall mean of 4.18,
indicating that children with different leukemia types engage
differently in physical activities. The energy levels of the children were
notably higher overall (Mean = 4.15) with a significant p-value (<
0.0001), suggesting a variation in energy levels across leukemia types.
Structured exercise engagement also differed significantly (p = 0.0356),
with an overall mean of 3.30. However, motivation to participate in
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physical activities did not show significant differences (p = 0.3062).
Regular meal consumption significantly varied (p < 0.0001), with a
mean of 3.91, indicating differences in eating habits. The quality of the
child’s diet in terms of nutrient-rich foods also displayed a significant
difference (p =0.0428), with an overall mean of 3.55. Lastly, the
frequency of consuming high-sugar or high-fat foods showed no
significant differences (p = 0.9704). Overall, the type of leukemia
impacts several aspects of physical activity and nutritional
habits significantly.

The ANOVA results in Table 5 indicate differences in physical
activity and nutritional factors based on the age of participants.
Engagement in physical activities, with means of 3.52 for ages 6-7,
3.58 for 8-9, and 3.72 for 10-12, showed no significant differences
(p=0.5726). Similarly, children’s energy levels did not vary
significantly across age groups (p = 0.3455), with means of 3.75, 3.93,
and 3.69, respectively. However, motivation to participate in physical
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TABLE 3 T-test results assessing difference between participants physical activity and nutritional (diet) related factors—based on their gender.

Factors Gender \ Mean Variance p-value

Engagement in physical Male 187 3.70 2.09 0.3343

activities such as walking, Female 150

running, or playing 3.55 2.13

Child’s energy levels Male 187 3.86 1.71 0.1704
Female 150 3.67 1.61

Engagement in structured Male 187 2.66 2.20 0.2358

exercise (e.g., physical therapy, Female 150

sports) 2.85 1.98

Motivation to participate in Male 187 2.50 2.32 0.0923

physical activities Female 150 2.78 2.16

Child consumption of meals Male 187 3.60 1.95 0.1452

according to a regular eating Female 150

schedule 3.37 2.30

Quality of the child’s diet in Male 187 4.22 1.06 <0.0001%*

terms of nutrient-rich foods Female 150 2.86 1.92

Frequency of consuming high- Male 187 3.88 1.16 0.8174

sugar or high-fat foods Female 150 3.85 151

*Statistically significant difference at p < 0.05 confidence interval.

activities exhibited a statistically significant difference (p = 0.0249),
suggesting that older children may feel more motivated compared to
younger ones, with means of 2.47, 2.97, and 2.49. Child consumption
of meals according to a regular eating schedule did not reveal
significant differences (p = 0.1413), with means of 3.32, 3.73, and 3.44.
The quality of the child’s diet regarding nutrient-rich foods also
showed no significant variance (p = 0.6075), while the frequency of
consuming high-sugar or high-fat foods remained consistent across
ages (p = 0.2642). Overall, while most factors remained stable across
age groups, motivation to engage in physical activities
varied significantly.

The ANOVA results presented in Table 6 reveal significant
differences in physical activity and nutritional factors based on the
treatment stage of participants. Engagement in physical activities
shows a notable variation, with means of 3.84 during initial treatment,
3.99 in the maintenance phase, 3.75 during relapse, and a significantly
lower mean of 2.53 in remission (p < 0.0001). Similarly, children’s
energy levels also differ significantly across treatment stages, with
means of 3.81, 4.45, 3.01, and 3.13, respectively (p < 0.0001).
Motivation to participate in physical activities exhibits a significant
decline from initial treatment (3.21) to remission (2.38) (p < 0.0001).
Furthermore, child consumption of meals according to a regular
eating schedule is significantly higher during initial treatment (4.13)
compared to remission (2.44) (p < 0.0001). In contrast, factors like the
quality of the child’s diet in terms of nutrient-rich foods and frequency
of high-sugar or high-fat food consumption did not show significant
differences across treatment stages (p =0.3852 and p =0.3631,
respectively).

The findings in Figure 1 highlights key barriers to physical activity
and nutrition in children undergoing leukemia treatment. Psychological
barriers such as anxiety and depression present the most significant
challenge, with the highest mean score (4.34) and a median of 5,
indicating that most caregivers perceive these factors as major obstacles

to physical activity. Treatment-related fatigue is another substantial
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barrier, with a median of 5 and a mean of 3.86, reflecting its widespread
impact on children’s ability to engage in exercise. Difficulties in
maintaining a balanced diet due to treatment side effects, such as nausea
and taste changes, also emerge as a challenge, with a median of 4 and a
mean of 3.88. Family and environmental constraints, including access to
healthy food and time limitations, influence both physical activity (mean
3.82) and dietary habits (mean 3.59), though diet appears to be slightly
less affected. The wide range of responses (1-5) across all factors suggests
varied caregiver experiences, emphasizing the need for personalized
interventions, including psychological support, dietary guidance, and
structured physical activity programs to mitigate these barriers effectively.

Discussion

This study provides valuable insights into the physical activity levels
and nutritional status of pediatric leukemia patients, highlighting
significant variations based on gender, leukemia type, age, and treatment
stage. These findings align with existing literature and provide further
evidence of the challenges faced by children undergoing treatment.

A key finding was that 60% of participants failed to meet
recommended physical activity levels, with children in the remission
phase exhibiting significantly lower engagement in physical activities
compared to those in the initial treatment or maintenance phases. This
result aligns with previous studies (36-38), which found that fatigue
and prolonged inactivity due to intensive treatment can contribute to
lower physical activity levels. Additionally, the highest energy levels
were reported in children in the maintenance phase, likely due to
reduced treatment-related side effects, as supported by prior research
(5-8). The significant variation in physical activity levels across
treatment stages suggests that tailored exercise programs may
be beneficial at different points in the treatment journey.

Gender differences were also observed, particularly in diet quality,
where males had significantly better nutrient-rich diets compared to
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TABLE 4 ANOVA results assessing difference between participants physical activity and nutritional (diet) related factors—based on type of Lukemia.

Factors Type of Leukemia N Mean Variance p-value
Engagement in physical ALL 33 4.18 1.09 0.007*
activities such as walking, AML 90 3.61 235
running, or playing CLL 0 400 151

CML 5 4.00 2.00

JMML 61 3.75 1.69

MPAL 106 3.25 247
Child’s energy levels ALL 33 4.15 1.20 <0.0001*

AML 90 3.68 1.82

CLL 42 4.38 0.92

CML 5 4.60 0.30

JMML 61 4.07 1.33

MPAL 106 3.29 1.79
Engagement in structured ALL 33 3.30 2.09 0.0356*
exercise (e.g., physical therapy, AML 90 2.68 2.36
sports)

CLL 42 2.36 1.84

CML 5 3.60 1.80

JMML 61 2.52 1.79

MPAL 106 2.86 2.07
Motivation to participate in ALL 33 3.21 2.73 0.3062
physical activities AML 90 2.56 216

CLL 42 2.69 2.46

CML 5 2.60 3.30

JMML 61 2.49 222

MPAL 106 2.56 2.08
Child consumption of meals ALL 33 391 1.46 <0.0001*
according to a regular eating AML 90 3.29 219
schedule

CLL 42 4.05 1.02

CML 5 4.00 1.00

JMML 61 4.13 1.02

MPAL 106 2.93 2.67
Quality of the child’s diet in ALL 33 3.55 2.13 0.0428%*
terms of nutrient-rich foods AML 90 341 1.98

CLL 42 4.21 1.20

CML 5 4.20 1.70

JMML 61 3.49 1.79

MPAL 106 3.61 1.99
Frequency of consuming high- ALL 33 3.94 1.50 0.9704
sugar or high-fat foods AML 90 3.84 121

CLL 42 3.74 1.66

CML 5 3.80 1.70

JMML 61 3.92 1.08

MPAL 106 3.90 1.37

*Statistically significant difference at p < 0.05 confidence interval.
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TABLE 5 ANOVA results assessing difference between participants physical activity and nutritional (diet) related factors—based on age.

Factors Age (in years) N Mean Variance p-value
Engagement in physical activities 6-7 73 3.52 2.20 0.5726
such as walking, running, or 8-9 99 3.58 1.88
playing 10-12 165 3.72 222
Child’s energy levels 6-7 73 3.75 1.77 0.3455
8-9 99 3.93 1.49

10-12 165 3.69 1.73
Engagement in structured 6-7 73 2.63 1.90 0.2681
exercise (e.g., physical therapy, 8-9 99 2.94 1.98
sports) 10-12 165 2.67 227
Motivation to participate in 6-7 73 2.47 2.03 0.0249*
physical activities 8-9 99 2.97 225

10-12 165 249 2.29
Child consumption of meals 6-7 73 3.32 2.16 0.1413
according to a regular eating 8-9 99 3.73 1.67
schedule

10-12 165 3.44 2.33
Quality of the child’s diet in terms 6-7 73 3.73 1.98 0.6075
of nutrient-rich foods 8-9 99 352 1.80

10-12 165 3.62 1.93
Frequency of consuming high- 6-7 73 3.85 1.16 0.2642
sugar or high-fat foods 8.9 99 3.73 1.65

10-12 165 3.96 1.17

*Statistically significant difference at p < 0.05 confidence interval.

females. This finding mirrors previous research (21), which reported
similar disparities in pediatric cancer patients’ nutritional intake. The
reasons behind these differences may be multifaceted, potentially
involving cultural factors, food preferences, or caregiver feeding
behaviors. Future research should explore whether targeted nutritional
interventions can address these disparities effectively.

Age-related differences were notable in motivation to participate
in physical activities, with children aged 8-9 years reporting higher
motivation compared to younger or older age groups. This supports
earlier studies (39-41) suggesting that younger children may have
developmental challenges that affect physical activity, while older
children may experience psychological barriers such as anxiety and
depression, limiting their engagement. These findings highlight the
importance of age-specific interventions to encourage physical activity
throughout treatment.

Furthermore, variations in physical activity and nutritional
status based on leukemia type were observed. Children with ALL
had significantly higher engagement in physical activities compared
to those with MPAL, with a similar trend observed in energy levels.
Prior research (42-44) suggests that different leukemia types and
treatment protocols can impact physical health differently, which
may explain these variations. Additionally, children with CLL and
CML reported better-quality diets compared to those with MPAL,
further emphasizing the need for individualized dietary strategies
based on leukemia type.

One of the most critical findings was the impact of treatment
phase on both physical activity and nutrition. Children in
remission reported the lowest adherence to a regular eating
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schedule, which could be attributed to long-term side effects of
treatment, as previously noted in studies (9-12). The significant
decline in both physical activity and dietary adherence during
remission underscores the need for continued support even after
active treatment ends. Ensuring that children maintain healthy
habits beyond intensive treatment could improve long-term
health outcomes.

Overall, these findings suggest that physical activity and
nutrition cannot be addressed in isolation, as they are
interdependent and influenced by multiple factors, including
treatment stage, gender, and leukemia type. This study reinforces
the importance of personalized, multidisciplinary interventions,
incorporating tailored exercise programs, gender-sensitive
nutritional plans, and psychological support to optimize health
outcomes in pediatric leukemia patients (29). Future research
should focus on developing integrated care models that address
these interrelated factors and evaluating their effectiveness in
improving quality of life during and after leukemia treatment.

Implications

Theoretically, this study contributes to the understanding of the
complex relationships between physical activity, nutritional status,
and treatment stages in pediatric leukemia patients. It highlights how
different leukemia types, treatment phases, and gender impact
physical health and nutrition, reinforcing the need for an integrative
approach to pediatric cancer care. The findings emphasize that
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TABLE 6 ANOVA results assessing difference between participants physical activity and nutritional (diet) related factors—based on treatment stage.

Factors Variables N Mean Variance p-value
Engagement in physical Initial treatment 68 3.84 1.69 <0.0001*
activities such as walking, Maintenance phase 136 3.99 1.41
running, or playing Relapse 69 375 222

Remission 64 2.53 2.48
Child’s energy levels Initial treatment 68 3.81 1.56 <0.0001*

Maintenance phase 136 4.45 0.75

Relapse 69 3.01 1.63

Remission 64 3.13 1.83
Engagement in structured Initial treatment 68 3.12 2.19 0.1026
exercise (e.g. physical therapy, Maintenance phase 136 2.70 2.12
sports)

Relapse 69 2.55 1.93

Remission 64 2.64 2.08
Motivation to participate in Initial treatment 68 3.21 2.43 <0.0001*
physical activities Maintenance phase 136 2.76 2.58

Relapse 69 2.01 1.25

Remission 64 2.38 1.70
Child consumption of meals Initial treatment 68 4.13 1.25 <0.0001*
according to a regular eating Maintenance phase 136 3.99 121
schedule

Relapse 69 2.87 2.88

Remission 64 2.44 1.71
Quality of the child’s diet in Initial treatment 68 351 1.60 0.3852
terms of nutrient-rich foods Maintenance phase 136 355 2.03

Relapse 69 3.87 1.64

Remission 64 3.58 222
Frequency of consuming high- Initial treatment 68 3.68 1.06 0.3631
sugar or high-fat foods Maintenance phase 136 3.98 116

Relapse 69 3.84 1.58

Remission 64 3.88 1.60

*Statistically significant difference at p < 0.05 confidence interval.

physical activity and nutrition cannot be addressed in isolation but
must be considered together to optimize health outcomes during
treatment. Practically, the results underscore the importance of
personalized care interventions. Healthcare providers should develop
tailored physical activity programs and individualized nutritional
plans that cater to the specific needs of patients based on their
treatment stage, leukemia type, and gender. Furthermore, the study
suggests that addressing psychological barriers, such as anxiety and
depression, is critical for enhancing both physical activity and
nutritional intake. These practical strategies could improve the
quality of life and treatment outcomes for pediatric leukemia patients,
providing a more holistic approach to managing cancer care.

Limitations

This study has several limitations that should be acknowledged.
First, the use of self-reported data from caregivers may introduce bias,
as responses might not fully capture the child’s actual physical activity
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levels or dietary habits, potentially leading to inaccuracies.
Additionally, the cross-sectional design provides a snapshot of
physical activity and nutritional status at one point in time, limiting
the ability to assess long-term trends or changes throughout the
treatment journey. The sample, while diverse, is geographically
restricted to Saudi Arabia, which may limit the generalizability of the
findings to other regions with different healthcare systems and cultural
contexts. Furthermore, the study did not account for other factors
such as socioeconomic status, which could influence access to
nutritional resources or opportunities for physical activity. Future
research could address these limitations by using objective measures
of physical activity, adopting a longitudinal design, and expanding the
sample to include diverse populations across multiple regions.

Conclusion

This study provides important insights into the physical activity
levels and nutritional status of pediatric leukemia patients,
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B How challenging is it for the child to engage in physical activities due to treatment-related fatigue?
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FIGURE 1
Box and Whisker plots for barriers to physical activity and nutrition.

highlighting significant variations based on gender, leukemia type,
age, and treatment stage. The findings demonstrate that treatment-
related side effects such as fatigue, loss of appetite, and psychological
distress significantly impact both physical activity and dietary habits,
contributing to challenges in maintaining health during leukemia
treatment. Gender differences in diet quality and age-related
variations in motivation for physical activity further emphasize the
need for personalized approaches to care. The study underscores the
importance of integrating physical activity, nutrition, and
psychological support into pediatric leukemia treatment plans to
optimize outcomes and improve quality of life. Addressing these
factors holistically, with tailored interventions based on individual
patient needs, is critical for enhancing the overall well-being and
recovery of children undergoing leukemia treatment. Future research
should focus on exploring the long-term effects of physical activity
and nutrition interventions and expanding this approach to
diverse populations.
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