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Abstract

Introduction: Acute Lymphocytic Leukemia (ALL) therapy, particularly the intensive use of
glucocorticoids, is strongly associated with adverse nutritional outcomes. This study aimed to
investigate the changes in nutritional status, assessed by body mass index (BMI) and weight-
for-height (WFH), during the first six months of treatment in children with ALL and to identify
associated patient characteristics.

Methods: A retrospective cohort study enrolled 325 pediatric ALL patients. Nutritional status
Mehran Noroozi was determined at diagnosis and after six months of standard therapy, using WFH for patients <2
Email mehrfnoré)ozi@yahoo. years (n=83) and BMI for those>2 years (n=242). Baseline demographics, initial white blood
com cell (WBC) count, CNS involvement, and corticosteroid type were analyzed using the Chi-square
test for association with post-treatment nutritional status.

Results: The cohort included 54.5% female patients. A rapid shift toward overnutrition was
observed across all age groups. In the>2-year-old cohort, the combined prevalence of overweight
and obesity increased from 7.5% at diagnosis to 18.6 % at six months, while the underweight
prevalence simultaneously decreased from 64.5% to 45.9%. Bivariate analysis revealed two
significant risk factors for developing overweight/obesity: female gender (P=0.002) and a high
baseline WBC count>10/uL; P=0.006). No significant association was found between nutritional
status and CNS involvement (P=0.486) or the specific corticosteroid agent used (P=0.632).
Conclusion: The initial 6-month period of ALL treatment is a critical window for the rapid
development of overnutrition, driven primarily by the class of glucocorticoids used. Female
gender and a high baseline WBC count are crucial, easily identifiable metabolic risk markers that
necessitate the implementation of early, targeted nutritional intervention strategies beginning at
diagnosis.
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Introduction

Acute lymphoblastic leukemia (ALL) is the most common
pediatric malignancy, accounting for approximately
25% of all childhood cancers worldwide. ! Advances in
chemotherapy protocols have significantly improved
survival rates, with current cure rates exceeding 85%
in high-income countries. > While treatment efficacy
has dramatically improved, the intensive, multi-phase
chemotherapy regimens are associated with significant
long-term and late effects that substantially impact the
quality of life and overall health of survivors. > Among
the most concerning of these effects is the development
of adverse changes in body composition, primarily
manifested as excessive weight gain and subsequent risk
of developing obesity. * While advancements in treatment

have significantly improved survival rates, they have
also led to a greater recognition of associated long-term
complications, particularly alterations in nutritional status
and body composition. *

Body mass index (BMI) is a widely used indicator
of nutritional status and has emerged as a critical
parameter in pediatric oncology. ¢ Several studies have
documented substantial changes in BMI during ALL
treatment, particularly in the early phases of therapy. ’
Chemotherapy agents, combined with corticosteroids
such as dexamethasone and prednisone, can induce
hyperphagia, fluid retention, and reduced physical activity,
leading to rapid weight gain. ® Evidence suggests that the
prevalence of overweight and obesity among children
with ALL increases markedly during induction and
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consolidation phases, with some cohorts reporting a rise
from 7-13% at diagnosis to over 20-40% within the first
six months of treatment. ®'° These changes are clinically
significant because excess weight during treatment
has been associated with adverse outcomes, including
increased risk of relapse, treatment-related toxicity, and
poorer overall survival. ' Moreover, early weight gain
may persist into survivorship, contributing to long-
term metabolic complications such as insulin resistance,
dyslipidemia, and cardiovascular disease. ' Despite these
concerns, data on BMI trajectories during the initial six
months of ALL therapy remain limited, particularly in
diverse populations. *

Understanding BMI changes during this critical
treatment window is essential for developing timely
interventions to mitigate obesity-related risks.
Therefore, this study aims to investigate the pattern
and magnitude of BMI changes in children with ALL
during the first six months of chemotherapy, providing
insights into potential targets for nutritional and lifestyle
interventions.

Material and Methods

Study Design

This study employed a descriptive-analytical, retrospective
design, utilizing data collected from patient files over
a 13-year period. The study protocol was reviewed and
granted ethical approval by the Independent Ethics
Committee of Urmia University of Medical Sciences
(IR.UMSU.REC.1403.334). The research was conducted
in full compliance with the ethical principles of the
Declaration of Helsinki, ensuring all patient data were
handled confidentially and anonymized prior to analysis.

Study Population

The target population for this research was children
diagnosed with ALL. The study cohort consisted of all
children under 18 years of age who were newly diagnosed
with ALL and referred to the Pediatric Oncology Ward
at Shahid Motahari Hospital in Urmia, Iran, from the
beginning of the Persian calendar year 1390 (March 2011)
through the end of 1402 (March 2024). A census approach
(complete enumeration) was utilized, meaning all eligible
patients diagnosed during this period were included.

Inclusion Criteria
»  Children under 18 years of age diagnosed with ALL
*  Confirmed diagnosis of ALL

Exclusion Criteria

*  Patients who died within the first six months of
initiating chemotherapy treatment, as insufficient
data points would preclude longitudinal analysis

Treatment Protocol
All patients included in the study were treated according

to the [modified Berlin-Frankfurt-Miinster (BFM)] ALL
protocol. This standard regimen consisted of induction
and consolidation phases. The primary focus of the BMI
analysis was on the high-dose corticosteroid components
administered during these initial phases. Specifically,
in accordance with the BFM guidelines, all patients
received oral prednisolone (60 mg/m®/day) and oral
dexamethasone (10 mg/m?*/day) as part of their initial
therapy.

Data Collection

Patient clinical and demographic data were retrieved

retrospectively from medical records and recorded onto a

structured, pre-designed data collection form.

*  Age at diagnosis (in years)

*  Gender

*  White blood cell (WBC) count at diagnosis

*  Central nervous system (CNS) involvement status

*  Body Mass Index (BMI) at diagnosis and after six
months of treatment

*  Treatment regimen details

Baseline Prognostic Variables

*  Age at Diagnosis: Continuous variable, measured in
years.

*  Sex: Categorical variable (Male/Female).

*  Initial White Blood Cell (WBC) Count: Categorical
variable, classified into four ordinal groups based on
established prognostic risk: <4,000/uL, 4,000-10,000/
uL, 10,000-50,000/uL, and >50,000/ulL.

* Central Nervous System (CNS) Involvement:
Categorical variable (Present/Absent) at the time of
diagnosis.

Outcome Variables
*  BMI at Diagnosis (Baseline)
e BMI at Six Months Post-Treatment

BMI Calculation

For children under two years of age, weight-for-height
ratio was used instead of BMI. BMI categories were
defined according to CDC guidelines for children aged
2-19 years:

*  Underweight: BMI < 5th percentile

*  Normal weight: 5th < BMI < 85th percentile

»  Overweight: 85th <BMI < 95th percentile

*  Obese: BMI>95th percentile

Statistical Analysis

All collected data were coded and entered into the
Statistical Package for the Social Sciences (SPSS) software,
version 26. Descriptive statistics (e.g., means, standard
deviations, frequencies) were used to characterize the
study population and the distribution of BMI. The
association between categorical variables was evaluated
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using either the Chi-squared test or, where appropriate,
Fisher’s exact test. Differences in means were assessed
using the independent samples t-test. Pearson’s
correlation coefficient was also calculated to examine
linear relationships between continuous variables as
needed. Statistical significance for all analyses was
established at a two-sided P-value of less than 0.05.

Results
Study Population Demographics
A total of 325 patients diagnosed with ALL met the
inclusion criteria and were enrolled in the study. The
cohort was slightly predominantly female, comprising 177
patients (54.5%), compared to 148 male patients (45.5%).
The age distribution at diagnosis was heavily skewed
towards the school-age category (2 to 10 years), which
accounted for the majority of the population with 211
patients (64.9%). Patients under 2 years of age represented
a substantial minority with 83 individuals (25.5%), while
patients over 10 years were the smallest group, comprising
31 individuals (9.5%) (Table 1).

Changes in Nutritional Status Following Six Months of
Treatment

Nutritional status was assessed at the time of diagnosis
and after 6 months of specific treatment. Different indices
were used based on age: Weight-for-Height (WFH) status
for patients under 2 years (n=383) and BMI for patients
aged 2 years and older (n=242) (Table 2).

Nutritional status was assessed at diagnosis and after
six months of ALL treatment, utilizing WFH for patients
under 2 years of age (n=83) and BMI status for patients
aged 2 years and older (n=242) (Table 2).

Patients Under Two Years of Age

In the cohort of 83 patients under 2 years of age, a
significant increase was observed in the prevalence of
overweight and obesity (based on WFH status) following
6 months of treatment. The frequency of overweight
status doubled from 6.0% (n=5) at diagnosis to 12.0%
(n=10) post-treatment. Similarly, the prevalence of
obesity demonstrated a substantial rise, increasing nearly
eight-fold from 1.2% (n=1) at diagnosis to 9.6% (n=38)

Table 1. Baseline Demographic Characteristics of the Study Population

Characteristics Frequency (n) Percentage (%)

Gender
Female 177 54.5
Male 148 45.5

after 6 months. Concurrently, the proportion of patients
classified as underweight decreased markedly, from 50.6%
to 32.6% (Table 2).

Patients Over Two Years of Age

Among the 242 patients aged 2 years and older, a
comparabletrend in BMI status was evident. The frequency
of overweight patients showed a threefold increase, rising
from 5.0% (n=12) at diagnosis to 14.9% (n=36) after
6 months. The prevalence of obesity also increased,
though more modestly, from 2.5% (n=6) to 3.7% (n=9).
Consistent with the younger cohort, the proportion of
underweight patients decreased significantly, from 64.5%
to 45.9% (Table 2).

Factors Associated with Nutritional Status after Six
Months of Treatment

Bivariate analysis using the Chi-square test was conducted
on the entire cohort (N =325) to determine associations
between baseline characteristics and nutritional status
(BMI/WFH) after six months of treatment (Table 3).

Gender

A statistically significant association was found between
patient gender and nutritional status at the 6-month
follow-up (P=0.002). The combined frequency of
overweight or obese statuses was significantly higher in
female patients (41.8%; overweight: 29.9%, obese: 11.9%)
compared to male patients (22.9%; overweight: 18.2%,
obese: 4.7%) (Table 3).

WBC Count at Diagnosis

The initial WBC count at diagnosis was also found to
be significantly associated with the 6-month nutritional
status (P=0.006). Patients who presented with higher
WBC counts (>10x 10° uL) showed a greater prevalence
of overweight and obesity compared to those with lower
counts. Specifically, the groups with WBC counts of
10,000 to 50,000 uL and>50,000 uL demonstrated the
highest combined proportions of overweight and obese
patients (43.9% and 47.5%, respectively). For instance,
in the 10,000 to 50,000 uL group, 32.7% were overweight
and 11.2% were obese (Table 3).

Table 2. Change in Nutritional Status at Diagnosis and After Six Months of
Treatment (Patients<2 Years and>2 Years)

Patients <2 Years Patients >2 Years (BMI
(WFH Status) Status)

After 6 Months (n, %)

Nutritional Status
Category

At Diagnosis (n, %) At Diagnosis (n, %)

Age Distribution (Years) Underweight 42 (50.6) 27 (32.6)

<2 83 25.5 Normal Weight 35(42.2) 38 (45.8)

2t0 10 211 64.9 Overweight 5(6.0) 10 (12.0)

>10 31 9.5 Obesity 1(1.2) 8(9.6)

Total Patients 325 100.0 Total Patients 83 (100.0) 83 (100.0)
International Journal of Basic Science in Medicine. 2025;10(4) | 183
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Table 3. Associations between baseline characteristics and nutritional status (BMI/WFH) after six months of treatment

Factor Underweight (n, %) Normal Weight (n, %)  Overweight (n, %) Obese (n, %) P-value
Gender
Male (n=148) 68 (45.9) 46 (31.1) 27 (18.2) 7 (4.7)
0.002
Female (n=177) 53(29.9) 50 (28.2) 53(29.9) 21 (11.9)
WBC Count (x 10%/ uL) at Diagnosis
<4 (n=95) 46 (48.4) 29 (30.5) 16 (16.8) 4(4.2)
4-10 (n=73) 31 (42.5) 25(34.2) 12 (16.4) 5(6.8)
0.006
10-50 (n=98) 26 (26.5) 29 (29.6) 32 (32.7) 11 (11.2)
>50 (n=59) 18 (30.5) 13 (22.0) 20(33.9) 8(13.6)
CNS Involvement
No (n=304) 113 (37.2) 92 (30.3) 74 (24.3) 25(8.2)
0.486
Yes (n=21) 8(38.1) 4(19.0) 6(28.6) 3(14.3)
Treatment Type
Dexamethasone (n=41) 17 (41.5) 12 (29.3) 6 (14.6) 6 (14.6)
Prednisolone (n=36) 12 (33.3) 11 (30.6) 10 (27.8) 3(8.3)
0.632
Dexamethasone + Prednisolone (n=248) 92 (37.1) 73 (29.4) 64 (25.8) 19 (7.7)
Total (N=325) 121 (37.2) 96 (29.5) 80 (24.6) 28 (8.6)

CNS Involvement and Treatment Type

No statistically significant association was observed
between the 6-month nutritional status and either the
presence of Central Nervous System (CNS) involvement
(P=0.486) or the specific type of corticosteroid therapy
(Dexamethasone, Prednisolone, or combined regimen)
administered (P=0.632) (Table 3).

Discussion

The results of this study demonstrated a significant
and rapid change in the nutritional profile of children
undergoing treatment for ALL during the critical first
six months. This period, characterized by intensive
chemotherapy and mandatory glucocorticoid use, led to a
pronounced shift from a high prevalence of underweight
status at diagnosis to a considerable increase in overweight
and obesity by the six-month follow-up.

The observed nutritional transition in this study,
where a high baseline prevalence of underweight (50.6%
for patients<2 years and 64.5% for patients>2 years)
rapidly shifted to increased overnutrition within the
first six months, strongly mirrors outcomes reported
internationally, underscoring a well-recognized adverse
metabolic effect of intensive ALL therapy. * This transition
is evidenced by the surge in the combined prevalence
of overweight and obesity to 18.6% post-treatment for
patients>2 years, a trend consistent with studies like
Egnell et al. '® and Zhang et al., 7 which documented
similar substantial increases in overnutrition during
treatment and follow-up. This metabolic perturbation is
overwhelmingly attributed to the required administration
of glucocorticoids (prednisolone and dexamethasone)
during the induction and consolidation phases. '
Glucocorticoids stimulate appetite (hyperphagia) and

promote visceral adiposity, while the cytotoxic effects
of chemotherapy and associated fatigue often lead to
reduced physical activity, creating a sustained positive
energy balance. "

This study identified two important patient
characteristics, gender and initiall WBC count, as
significant independent factors associated with adverse
nutritional status (overweight/obesity) at the six-
month follow-up. The finding that female patients
exhibited a significantly higher combined prevalence of
overweight/obesity post-treatment strongly confirms a
potential gender-specific vulnerability to the obesogenic
environment of ALL therapy. * While some investigations,
such as a study by Touyz et al., * reported no significant
association between post-treatment BMI and gender,
a growing body of evidence supports this differential
response. For instance, a study by Galati et al. *? identified
gender as a major predictor of post-treatment BMI. The
heightened risk in girls, as corroborated by our findings
and the majority of the literature, is hypothesized to be
linked to several factors: increased sensitivity to steroids
and resulting hyperphagia, » a higher predisposition to
developing insulin resistance, ** greater accumulation
of abdominal obesity, and a subsequently elevated
risk of persistent obesity 20. This differential response
underscores the necessity for a tailored approach to
nutritional counseling, prioritizing early, intensive
intervention for female patients. *

The observed significant association between a high
baseline WBC count (=10 uL) and a significantly higher
prevalence of overweight/obesity at the six-month follow-
up is a clinically critical finding, establishing this factor,
historically a marker of increased tumor burden and
disease aggressiveness, as an early metabolic risk marker.

184 |

International Journal of Basic Science in Medicine. 2025;10(4)

Archive of SID.ir



Archive of SID.ir

Sabonchi and Noroozi

This is corroborated by the literature, where studies have
acknowledged the relevance of WBC counts above 10,000
uL in assessing post-treatment BMI changes, % and where
an association between higher WBC counts at diagnosis
and higher post-treatment BMI has been reported. ¥
The mechanism is posited to stem from the need for
intensified therapeutic demands in high-risk patients, as
those with higher WBC counts often receive more potent
chemotherapy, leading to greater metabolic disruption
than in standard-risk patients. * This intensified
treatment exposure is hypothesized to exaggerate the
known obesogenic effects of glucocorticoids, driving
greater increases in appetite and insulin resistance,
enhanced fat accumulation, and more prolonged
inactivity. # Consequently, the finding necessitates the
implementation of stringent early metabolic monitoring
and proactive intervention specifically for ALL patients
classified as high-risk based on their initial WBC count. *°

The absence of a statistical association between the
adverse nutritional outcome at six months and either CNS
involvement or corticosteroid type is noteworthy. The lack
of association with CNS status in our study may reflect the
efficacy of modern ALL treatment protocols, which have
largely moved away from routine cranial radiotherapy
(CRT) in favor of intensive intrathecal chemotherapy for
prophylaxis. *' This is crucial because CRT, historically
used for CNS-directed therapy, is known to cause damage
to the hypothalamus and pituitary gland. ** Such damage
leads to hormonal disorders, including hypothyroidism
and growth hormone deficiency, which are established
secondary causes of severe obesity and weight gain. *
While studies have shown variable results—for instance,
Touyz et al.  associated a higher post-treatment BMI
with CNS involvement, whereas Arpe et al. ** found
no significant association, our finding suggests that if
CNS involvement did not necessitate CRT, the primary
mechanism for hypothalamic-mediated obesity was
avoided. However, it must be acknowledged that children
with CNS involvement are often classified as high-risk
and may require more intensive systemic chemotherapy,
which itself contributes to weight gain through non-
hypothalamic pathways like increased appetite and
insulin resistance. * The radiotherapy intended for these
patients can cause damage to the hypothalamus and
pituitary gland, and this damage causes more hormonal
disorders (hypothyroidism, growth hormone deficiency,
increased cortisol levels), all of which are associated with
obesity and weight gain. *

In our study, BMI after 6 months of treatment of
patients was not significantly associated with their type of
treatment. In the study of Belle et al., cranial radiotherapy
was one of the risk factors associated with obesity. Steroids
were not associated with overweight or obesity.  In the
study of Galati et al., the type of chemotherapy regimen
was a significant predictor of BMI after treatment. * In

the study of Egnell et al.,, children who had undergone
steroid treatment were most prone to overweight. ' Given
that corticosteroids increase appetite and accumulation
of abdominal fat and insulin resistance, and the radiation
therapy intended for patients can cause damage to the
hypothalamus and pituitary and further hormonal
disorders (hypothyroidism, growth hormone deficiency,
increased cortisol levels), all of which are associated
with obesity and weight gain. ** Therefore, the type of
treatment regimen for children with ALL is associated
with an increase in BMI after their treatment. *

The lack of a statistically significant association
between nutritional status at six months and the
specific corticosteroid type used (Dexamethasone vs.
Prednisolone) in our cohort is highly informative. This
finding confirms that the class effect of glucocorticoids
is the dominant metabolic contributor to early weight
gain, overshadowing any subtle differences in potency,
half-life, or dosing schedules between the two agents
within the context of the complex ALL regimen. * This
perspective aligns with clinical consensus, which views
total glucocorticoid exposure as the primary metabolic
challenge. *! Studies often show mixed results regarding
the specific agent: while some research indicates greater
toxicity (including potentially greater weight gain) with
Dexamethasone due to its higher potency, ** our results
emphasize that the underlying mechanism, steroid-
induced hyperphagia, insulin resistance, and visceral fat
accumulation, is fundamental to both drugs.

Despite our finding on steroid type, the overall
treatment regimen is undeniably associated with post-
treatment BMI, reflecting the combined impact of all
therapeutic components. * In contrast to our study’s
non-association with specific steroid type, the study by
Egnell et al. ' specifically found that children who had
undergone steroid treatment were most prone to becoming
overweight. Furthermore, Galati et al. * identified the
type of chemotherapy regimen as a significant predictor
of post-treatment BMI, highlighting that the entire drug
cocktail matters. It is essential to recognize that other
treatment components, particularly cranial radiotherapy
(CRT), are strongly linked to obesity risk, as shown by
Belle et al.  CRT can damage the hypothalamus and
pituitary gland, leading to hormonal disorders (e.g.,
hypothyroidism, growth hormone deficiency, elevated
cortisol levels) that directly promote severe, persistent
obesity and greater difficulty with weight management
than steroid exposure alone. * Therefore, while we did not
find a difference between the two most common steroids,
the type of treatment regimen, particularly the use of CRT
or more intensive systemic chemotherapy, remains crucial
in determining the ultimate risk of BMI increase. **

Limitations of study
This study provides key insights into early nutritional
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changes during ALL treatment but is subject to several
limitations. The primary constraint is the reliance on
BMI and WFH, which are surrogate measures that
fail to distinguish between fat mass and lean muscle
mass, thus potentially underestimating the true
cardiometabolic risk associated with treatment-induced
fat gain (specifically visceral adiposity). Secondly, the
lack of granular, longitudinal data on caloric intake,
specific dietary composition, and physical activity
levels prevents establishing precise causality between
treatment side effects (like hyperphagia) and weight
accumulation. Furthermore, being a single-center study,
the generalizability of the findings may be restricted by
ethnic, socioeconomic, and institutional variances. The
short, six-month follow-up captures the peak period
of weight gain but offers no information on the long-
term persistence of the acquired weight status or the
subsequent risk of metabolic syndrome in survivorship.
Finally, the analysis did not account for the cumulative
glucocorticoid dose received by each patient, which may
be a more accurate predictor of metabolic disruption than
the specific corticosteroid agent utilized.

Conclusion

In conclusion, this study validates the urgent need for
comprehensive metabolic risk management beginning
at the time of ALL diagnosis. The rapid progression to
overweight and obesity within the first six months is
a critical window for intervention. The identified risk
factors, female gender and high WBC count, should be
integrated into clinical algorithms to stratify patients for
high-intensity nutritional and physical activity support.
Future research must focus on prospective, randomized
controlled trials of early dietary and exercise interventions
aimed at mitigating glucocorticoid-induced weight gain
and improving long-term cardiovascular health in these
vulnerable patients.
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