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Abstract

As previous studies of obesity in survivors of pediatric acute lymphoblastic leukemia (ALL) have
primarily been conducted among non-Hispanic white survivors or children treated on older
protocols, our objective was to describe the prevalence and correlates of overweight status among
an ethnically diverse population of pediatric ALL survivors, largely treated with more
contemporary therapies. We evaluated the overweight/obesity status of pediatric ALL survivors
(n=406) followed in the Texas Children's Cancer Center between 2004 and 2014. Survivors were
classified as underweight, normal weight, overweight, or obese on the basis of their Body Mass
Index (BMI) at their most current follow-up visit. Our results showed that Hispanic ethnicity (39%
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of subjects) was associated with being overweight (adjusted odds ratio [aOR]=1.88; 95%
confidence interval [CI]: 1.13-3.14) or obese (aOR=2.84; 95% CI: 1.59-5.06) at follow-up, even
after adjusting for cranial radiotherapy (CRT) exposure. BMI z-score at diagnosis was also
associated with overweight/obesity at follow-up. Additionally, there was a statistically significant
interaction between younger age at diagnosis and CRT, indicating that younger age at diagnosis
was associated with obesity among patients who received CRT. These findings may help identify
pediatric ALL patients that are at increased risk of being overweight or obese following treatment.
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Introduction

Acute lymphoblastic leukemia (ALL), the most common pediatric malignancy, accounts for
nearly a quarter of all childhood cancers.! Improved treatment regimens are responsible for
increases in survival from pediatric ALL, with current five-year survival rates exceeding
80%.2 Given the improved survival of many pediatric oncology patients, increasing
emphasis has been placed on characterizing the long-term, adverse impact of intensive
cancer therapy. In fact, according to a recent report from the St. Jude Lifetime Cohort Study,
by 45 years of age 95.5% of childhood cancer survivors suffer from at least one chronic
health condition,3 including impaired cardiovascular function.

Obesity is a particularly important problem among ALL survivors, which can intensify
cardiovascular outcomes and place these individuals at greater risk for other chronic health
conditions.*6 Several patient and treatment-related factors, including age at diagnosis and
cranial radiotherapy (CRT), have been studied in association with overweight and obesity
among survivors of pediatric ALL.% 5 7-33 However, these factors do not account for all of
the variation in weight status among pediatric ALL survivors. While younger patients may
be particularly sensitive to the adverse effects of ALL treatment, a recent meta-analysis
concluded that the existing evidence was inadequate to establish an association between age
at diagnosis and obesity.34 Age at diagnosis has been associated with an increased risk of
obesity in some studies,8: 20. 25,35 though other studies did not observe an

association.® 13.15.17. 22 Notably, studies using data from the Childhood Cancer Survivor
Study cohort have indicated an association between age at diagnosis and the risk of being
overweight or obese among female survivors of ALL treated with high doses of CRT,16: 23
suggesting the relationship between age at diagnosis and the development of obesity may be
modified by CRT. Once widely used in the treatment of pediatric ALL, CRT is rarely used in
contemporary treatment protocols.

There is a need to confirm suspected risk factors and identify novel predictors for obesity
among pediatric ALL survivors. Additionally, the current literature is largely based on
observations from non-Hispanic white populations and populations treated with older
protocols. Therefore, the objectives of this study were to: 1) describe the prevalence and
correlates of overweight status among an ethnically diverse population of pediatric ALL
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survivors; 2) assess whether CRT modifies the association between age at diagnosis and
overweight status; and 3) evaluate the robustness of these associations among patients
treated with more contemporary protocols.

The study included pediatric ALL survivors consecutively enrolled and followed at the
Texas Children's Cancer Center (Houston, TX) Long-Term Survivor Clinic between 2004
and 2014. Eligible patients were age <18 years at diagnosis and at least five years removed
from diagnosis. Of the 428 survivors of ALL followed at the Long-Term Survivor Clinic,
three patients who were treated for ALL at another institution were excluded from the
analysis due to incomplete treatment information. Patients who had relapsed or were
undergoing treatment for a second cancer at follow up (n=3), were diagnosed with
achondroplastic dwarfism (n=1), were pregnant at follow up (n=1), born with agenesis of
corpus callosum (n=1), or Down syndrome (n=13) were further excluded from the analysis
due to different growth trajectories, resulting in a final sample size of 406 eligible
individuals.3® Written informed consent was obtained from all participants or legal
guardians and the study protocol was approved by the Institutional Research Board at Baylor
College of Medicine.

Patient information was collected from the available medical records of consenting patients.
Body mass index (BMI) was calculated from height and weight data obtained at the most
recent clinical follow-up visit. Each individual was assigned to a BMI category according to
standard BMI classifications.3”: 38 Specifically, individuals >19 years of age were defined as
underweight (BMI <18.5 kg/m?), normal weight (BMI =18.5 and <25.0 kg/m?2), overweight
(BMI 225.0 kg/m?), or obese (BMI =30.0 kg/m?) on the basis of recorded BMI. Similarly,
individuals 2-19 years of age at follow up were defined as underweight (BMI <5t
percentile), normal weight (BMI 5™ and <85™ percentile), overweight (BMI =85t
percentile), or obese (BMI =95t percentile) using age- and sex-specific growth charts
obtained from the Centers for Disease Control and Prevention.3® Additional variables
considered in our analysis included: ALL subtype (B-cell, T-cell, or infantile); age at
diagnosis (continuous years); BMI (age 2-18 years at diagnosis) and weight-for-length (age
< 2 years at diagnosis) z-score at diagnosis; race/ethnicity (non-Hispanic white, Hispanic,
non-Hispanic back, or other); gender (female or male); CRT (none, low dose [18 Gy], high
dose [>24 Gy]); and age at follow-up visit (continuous years).

All statistical analyses were conducted in Stata v.13.1 (StataCorp, College Station, TX)
using a 5% significance level. Descriptive statistics, reported as means and standard
deviations for continuous variables or frequencies and proportions for categorical variables,
are presented by weight status categories at follow up. A multinomial logistic regression
model was constructed to describe the association between baseline patient and treatment
characteristics and each weight category at follow up. Associations are reported as adjusted
odds ratios (aOR) with corresponding 95% confidence intervals (CI). The joint effects of age
at diagnosis and CRT were assessed by including interaction terms in logistic regression
models, which combined overweight and obese status at follow up. To evaluate the
reproducibility of these models in populations treated under more contemporary protocols, a
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sensitivity analysis was restricted to patients treated after 1995. This cut point was adopted
based on previous assessments indicating that shifts in ALL treatment regimens occurred
after 1995, when the use of CRT decreased significantly.40: 41 We constructed an additional
model adjusted for BMI and weight-for-length z-score at diagnosis. Finally, restricted cubic
splines were used to graphically explore potential non-linear relationships between age at
diagnosis and the probability of being overweight at follow up, with knots defined at ages 4,
8, and 12 years at diagnosis.

The mean age at diagnosis for 406 eligible patients was 5.4 years (range: 0.25-17.9) with a
mean follow-up of 11.4 years (range: 5.2-37.2) post-diagnosis. Demographic and treatment
characteristics are displayed by underweight (2.7%), normal weight (47.5%), overweight
(27.6%) and obesity (22.2%) status at follow up in Table 1. Most patients were male
(54.2%), non-Hispanic white (49.0%) or Hispanic (38.7%), diagnosed with B-cell lineage
ALL (89.9%), age less than five years (64.8%) and normal weight (68.9%) at diagnosis.
Only 46 (11.3%) patients received CRT, and 317 (78.1%) patients were treated after 1995.

A multinomial logistic regression model was constructed to assess the association between
baseline characteristics and BMI class at follow up, with normal weight as the reference
group (Table 2). Receipt of CRT was associated with being overweight (aOR=2.99; 95% ClI:
1.33-6.71) or obese (aOR=2.40; 95% CI: 1.00-5.77) at follow up, after adjusting for age at
diagnosis, gender, race/ethnicity, and age at follow up. Females were less likely than males
to be overweight at follow up (aOR=0.56; 95% CI: 0.34-0.91); however, there was no
association observed between female gender and obesity at follow up (aOR=1.01; 95% ClI:
0.60-1.70). Overweight and obesity status also differed by race/ethnicity. Compared to non-
Hispanic whites, Hispanics were more likely to be overweight (aOR=1.88; 95% CI:
1.13-3.14) and obese (aOR=2.84; 95% CI: 1.59-5.06) at follow up, after adjusting for age at
diagnosis, CRT exposure, gender, and age at follow up. Additionally, non-Hispanic blacks
were more likely to be obese at follow up when compared to non-Hispanic whites
(aOR=4.99; 95% CI: 1.89-13.19).

Because younger individuals may be increasingly susceptible to the adverse effects of CRT,
we evaluated interactions between CRT and age at diagnosis in logistic regression models
(Table 3). Specifically, we compared the estimated association between patient
characteristics and the odds of overweight and obesity combined relative to normal weight at
follow up. Interaction terms between age at diagnosis and CRT status were statistically
significant (interaction OR=0.84, 95% CI: 0.71-0.98), and suggested that age at diagnosis
was inversely associated with overweight status at follow up among patients who received
CRT. Conversely, there was no association or a weak positive association between age at
diagnosis and overweight status at follow up among those that did not receive CRT. Other
interaction terms between age at diagnosis, CRT, and gender and ethnicity were not
statistically significant (results not shown). These findings were further evaluated in a
sensitivity analysis restricted to a more contemporary subset of the population (i.e., those
treated after 1995). Overall, the results from the entire cohort were similar to those obtained
in the more contemporary sample (Model 1, n=307). In both samples overweight status at
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follow up was significantly associated with CRT and Hispanic ethnicity, though exposure to
CRT was infrequent in the contemporary population (n=28). The observed associations
persisted after adjusting for BMI and weight-for-length z-scores at diagnosis (Model 2,
n=276).

Restricted cubic splines were constructed to graphically depict non-linear dose-response
relationships between age at diagnosis and the probability of being overweight at follow up
by CRT group (Fig. 1). The predicted probability of being overweight at follow up was
approximately 75% among children younger than three years of age at diagnosis who
received CRT. The probability of being overweight at follow up declined gradually with
increasing age until about age nine, and decreased rapidly after that point. Conversely, the
predicted probability of being overweight at follow up was more consistent for children who
did not receive CRT, ranging between 40% and 55% across all ages at diagnosis.

Discussion

In this assessment of post-therapy weight status among a multiethnic population of pediatric
ALL survivors, nearly half were overweight or obese at follow up. Our assessment provides
a refined evaluation of the interaction between age at diagnosis and exposure to radiation
therapy on the long-term risk of overweight and obesity among pediatric ALL survivors.
Additionally, our study adds to the growing literature indicating that Hispanics are at a
greater risk of post-treatment overweight and obesity, even after adjusting for CRT
exposure.18: 24,25 |n order to compare our findings with the general population, we explored
differences between our population and participants in the National Health and Nutrition
Examination Survey (NHANES). Specifically, relative to non-Hispanic white and Hispanic
participants in NHANES, the prevalence of overweight and obesity in this population of
pediatric ALL survivors (Figure 2) was higher among those 6 to 11 years of age (59.2%
among survivors vs. 34.2% among general population) and 12 to 19 years of age (44.1%
among survivors vs. 34.5% among general population), but slightly lower among those over
19 years of age (50.9% among survivors vs. 60.3% among general population).42 There are
several possible explanations for the lower than expected prevalence of overweight and
obesity observed among older survivors. First, the obesogenic effects of ALL therapy may
not persist into adulthood. Furthermore, many of the ALL survivors included in this analysis
were identified at our institutional long-term survivor clinic. It is possible that the population
seeking medical care at long-term survivor clinics is comprised of health-conscious
survivors and may, therefore, underestimating the true prevalence of obesity in older age
groups.

The prevalence of overweight and obesity was particularly high among Hispanic survivors
less than 19 years of age (61%), exceeding the NHANES estimate of overweight and obesity
among Hispanic adolescents less than 19 year of age (38.9%). Notably, Hispanic ethnicity
was associated with overweight and obesity in survivors of childhood ALL. Although
Hispanics were slightly heavier on average than non-Hispanic whites at diagnosis (mean
BMI or weight-for-length z-score: 0.43 vs. 0.08), the increased risk of post-therapy
overweight and obesity among Hispanics persisted after adjustment for adiposity at
diagnosis. The reason for the observed association between Hispanic ethnicity and post-
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therapy overweight status is unknown but could be related to non-genetic differences (e.g.,
adherence to care, socio-economic, cultural, etc.) or differences in underlying genetic
susceptibility.*3 For instances, genetically-defined ancestry, consistent with admixed
Hispanic populations, has been associated with an increased risk of relapse in pediatric
ALL.#

Although patient characteristics, including female gender, weight status and age at diagnosis
have been previously associated with post-therapy weight status among survivors of

ALL,% 5 7-33 results have been equivocal across studies. Our findings are consistent with
past research which demonstrated an association between pre-treatment overweight

status, 20: 22 byt not associated with female gender.% 18 22, 30 |nconsistent findings across
studies regarding the role of female gender on obesity risk in pediatric ALL survivors may
be due in part to difference in underlying patient characteristics (e.g., race/ethnicity, age at
diagnosis) or treatment strategies (e.g., CRT exposure).

In addition to patient characteristics, overweight status has also been associated with ALL
treatment factors, including CRT and corticosteroid dose.# 8 15,16, 23, 32 \wWhile we were
unable to assess the impact of corticosteroids on overweight status at follow up due to
inadequate dose documentation in a subset of medical records, patients who received CRT
during treatment for pediatric ALL were significantly more likely to be (2OR=2.99; 95% CI:
1.33-6.71) or obese (aOR=2.40; 95% CI: 1.00-5.77) at follow up. This is consistent with the
body of information on the role of CRT on obesity risk in pediatric ALL survivors.34

The mechanism underlying the association between CRT and obesity remains largely
unknown, but may involve radiation-induced damage to the pituitary-hypothalamus axis of
the brain. Exposure to high doses of cranial radiation may disrupt hormonal signaling
pathways involved in satiety, growth, and metabolic homeostasis. Growth hormone
deficiency and increased serum leptin levels following CRT have been linked to obesity
among childhood cancer survivors.12: 27.45-48 The detrimental effects of hypothalamic
radiation may be exacerbated during critical periods of development. While some research
suggests the risk of obesity is more pronounced in young females receiving CRT,16: 23. 49 the
association between CRT and overweight and obesity observed in this study was similar
between males and females. We did, however, identify a statistically significant interaction
between age at diagnosis and CRT, suggesting the association between CRT and overweight
status depends on the age of the patient at the time of therapy. Notably, age at diagnosis was
not strongly associated with the odds of being overweight or obese at follow up among
patients who did not receive CRT. The results of this study indicate younger patients who
receive CRT are at the highest risk of being overweight at follow up, and the adverse effects
of CRT on overweight and obesity appeared to diminish with increasing age at diagnosis.

Our study must be considered in light of certain limitations. For instance, our population
represents a single institution and includes patients seeking long-term follow-up care, which
may not represent the experiences of all survivors. It is possible that health-conscious, lean
adult survivors are more likely to return for follow-up care, which would bias our estimate of
overweight and obesity downward in this population. Other potential limitations include the
cross-sectional study design and lack of information pertaining to on-therapy changes in
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body mass. Additionally, we were not able to account behavioral or social determinants of
obesity in this population. Still, the inclusion of a multiethnic population with a mean post-
treatment follow-up of over 11 years is an important strength of the current study. This
report also adds to the limited evidence suggesting Hispanic and non-Hispanic black ALL
survivors are at increased risk of overweight and obesity when compared to non-Hispanic
whites.18 24, 25 Fyrther, as noted, the evolution of ALL treatment protocols over time may
contribute to inconsistent findings across studies. Most patients included in this analysis
were treated under contemporary protocols (78% treated after 1995), allowing greater
generalizability to populations currently undergoing treatment. Restricting our analysis to
patients treated since 1995 did not meaningfully change the results; though the proportion of
patients receiving CRT was notably lower (20.2% prior to 1995 vs. 8.8% after 1995).
Among patients treated since 1995 who did not receive CRT only Hispanic ethnicity
(OR=2.21, 95% ClI: 1.23-3.97) and BMI or weight-for-length z-score at diagnosis (OR=2.09,
95% CI: 1.61-2.72) were significant predictors of overweight status at follow up.

Many survivors of pediatric ALL experience treatment-related late effects.>° The long-term
sequelae of therapy predispose pediatric ALL survivors to cardiovascular disease and
stroke.51-53 The potential cardiovascular late effect of ALL therapy are likely compounded
in overweight and obese survivors; thus, obesity prevention is likely a critical component of
long-term health promotion programs for survivors of pediatric ALL. A better understanding
of the risk factors associated with treatment-related obesity could help identify patients who
may benefit most from targeted obesity prevention interventions. Unfortunately, few risk
factors have consistently been associated with obesity across studies. In this study, BMI or
age-for-length z-scores at diagnosis, Hispanic and non-Hispanic black ethnicity were
associated with overweight status at follow up. Exposure to CRT was also associated with an
increased risk of overweight and obesity in this study, particularly among younger patients.
Although treatment options for pediatric ALL have evolved over the past several decades to
greatly reduce the use and dosage of CRT, restricting our analysis did not notably alter our
results. Even among non-radiated patients treated since 1995, nearly half of patients were
identified as overweight or obese (26.0% overweight, 21.5% obese) at follow up. Thus,
overweight and obesity appear to be highly prevalent conditions among survivors of
pediatric ALL, independent of suspected patient and clinical risk factors.

Conclusions

Healthcare professionals should recognize pediatric ALL survivors are uniquely susceptible
late-effects related to ALL therapy, including obesity. As many survivors of childhood
cancer will seek long-term medical care from healthcare providers who may be unfamiliar
with the challenges facing this population,5# 55 it is critical that these professionals consult
published guidelines for providing long-term follow up care to childhood cancer survivors.>®
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Figure 1. Restricted cubic splines for age at diagnosis and predicted probability of overweight/
obesity at follow up1

IPredicted probability of overweight and obesity combined (95% Confidence Intervals)
among pediatric acute lymphoblastic leukemia survivors at Texas Children's Hospital A)
exposed to CRT (n=44) and B) not exposed to CRT (n=351), adjusted for ethnicity, sex, and
age at follow up (continuous)
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Figure 2. Prevalence of overweight among U.S. general population of pediatric leukemia
survivors at Texas Children's Hospital by ethnicity and age group1

1Prevalence (95% Confidence Interval) of overweight and obesity among n=199 non-
Hispanic white (A), n=157 Hispanic (B), and n=356 combined non-Hispanic white and
Hispanic survivors of childhood acute lymphoblastic leukemia (C) compared to NHANES
U.S. population estimates by age group
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Table 1

Treatment and demographic characteristics of survivors of pediatric acute lymphoblastic leukemia at Texas
Children's Hospital

BMI Class at Follow up

Overall (n=406) Underweight (n=11) Normal (n=193)  Overweight (n=112) Obese (n=90)

Subtype, n(%)]

B-cell lineage 27 (6.8) 9 (90.0) 169 (90.9) 96 (87.3) 82 (91.1)
T-cell lineage 357 (89.9) 1 (10.0) 9(4.8) 12 (10.9) 5 (5.6)
Infantile 13 (3.3) 0(0.0) 8(4.3) 2(1.8) 3(3.3)
Age at Diagnosis, n(%)
0-5 years 263 (64.8) 7 (63.6) 132 (68.4) 70 (62.5) 54 (60.0)
6-10 years 98 (24.1) 3(27.3) 39(20.2) 29 (25.9) 27 (30.0)
11-18 years 45 (11.1) 1(9.1) 22 (11.4) 13 (11.6) 9 (10.0)
Mean, year (sd) 5.44 (3.71) 5.58 (2.62) 5.33 (3.87) 5.53 (3.85) 5.55 (3.33)
Diagnosis BMI, z-score (sd)2 0.21 (1.29) -1.79 (1.31) -0.23 (1.13) 0.56 (1.21) 1.05 (1.01)
Race/Ethnicity, n(%)
Non-Hispanic white 199 (49.0) 8(72.7) 110 (57.0) 52 (46.4) 29 (32.2)
Hispanic 157 (38.7) 1(9.1) 60 (31.1) 53 (47.3) 43 (47.8)
Non-Hispanic black 24 (5.9) 0(0.0) 9(4.7) 3(2.7) 12 (13.3)
Other 26 (6.4) 2(18.2) 14 (7.2) 4(3.6) 6(6.7)
Gender, n(%)
Female 186 (45.8) 7 (63.6) 96 (49.7) 39 (34.8) 44 (48.9)
Male 220 (54.2) 4(36.4) 97 (50.3) 73 (65.2) 46 (51.1)
CRT, n(%)3
None 360 (89.1) 9(81.8) 180 (93.7) 94 (84.7) 77 (85.6)
<18 Gy 27 (6.7) 2(18.2) 8(4.2) 12 (10.8) 5 (5.6)
224 Gy 17 (4.2) 0(0.0) 4(2.1) 5 (4.5) 8(8.8)
Year of diagnosis, n(%)
1972-1994 89 (21.9) 1(9.1) 40 (20.7) 25 (22.3) 23 (25.6)
1995-2008 317 (78.1) 10 (90.9) 153 (79.3) 87 (77.7) 32 (74.4)
Age at follow-up, n(%)
<10 years 42 (10.3) 0(0.0) 23 (11.9) 23 (20.5) 16 (17.8)
11-20 years 260 (64.0) 9(81.8) 132 (68.4) 64 (57.1) 51 (56.7)
21-30 years 92 (22.7) 1(9.1) 34 (17.6) 22 (19.6) 19 (21.1)
> 31 years 12 (3.0) 1(9.1) 4(2.1) 3(2.7) 4 (4.4)
Mean, year (sd) 16.83 (5.94) 16.35 (6.05) 16.86 (5.79) 16.68 (6.13) 17.04 (6.08)
Time fom diagnosis, year (sd) 11.39 (5.33) 10.77 (5.17) 11.53 (4.93) 11.14 (5.86) 11.48 (5.54)
Treatment duration, year (sd) 2.84 (1.33) 3.06 (1.39) 2.74 (1.25) 3.02 (1.54) 2.83 (1.17)

BMI, Body Mass Index; SD, Standard Deviation; CRT, Cranial Radiation Therapy

1 .. . . .
Muissing subtype information on n=10
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ZRestricted to patients with height and weight recorded at diagnosis (n=292)

Missing radiation dose information on n=2 radiated participants
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Table 2

Multinomial logistic regressionl of pediatric acute lymphoblastic leukemia survivor weight status at Texas
Children's Hospital

BMI Class at Follow up

Underweight (n=11)  Overweight (n=112) Obese (n=90)

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny
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Age at Diagnosis, year
Age at Follow up, year
CRT
None
Any
Gender
Male
Female
Race/Ethnicity
Non-Hispanic white
Hispanic
Non-Hispanic black
Other

aOR (95% Cl)

aOR (95% CI)

aOR (95% Cl)

1.04 (0.86-1.26)
0.94 (0.82-1.08)

Ref.
3.92 (0.62-24.55)

Ref.
1.86 (0.51-6.78)

Ref.
0.21 (0.03-1.78)

1.76 (0.33-9.38)

1.02 (0.95-1.10)
0.97 (0.93-1.02)

Ref.
2.99 (1.33-6.71)

Ref.
0.56 (0.34-0.91)

Ref.
1.88 (1.13-3.14)
0.66 (0.17-2.59)
0.58 (0.18-1.88)

0.99 (0.92-1.08)
1.01 (0.60-1.70)

Ref.
2.40 (1.00-5.77)

Ref.
1.01 (0.60-1.70)

Ref.
2.84 (1.59-5.06)
4.99 (1.89-13.19)
1.59 (0.55-4.54)

BMI, Body Mass Index; aOR Adjusted Odds Ratio; Cl, Confidence Interval; CRT, Cranial Radiation Therapy

'ZAdjusted for other variables included in table, relative to normal weight group (n=193)
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Table 3

Logistic regressionl of overweight/obesity among pediatric acute lymphoblastic leukemia survivors at Texas
Children's Hospital

Year of Diagnosis >1995

Complete Data (n=193 normal Model 1 (n=153 normal weight;

2, —_—
weight; 202 overweight/obese) 154 overweight/obese) Model 2~ (n=137 normal weight; 139

overweight/obese)
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Age at Diagnosis, year3
Age at Follow up, year
CRT
None
Any
Age-by-CRT Interaction
Gender
Male
Female
Race/Ethnicity
Non-Hispanic white
Hispanic
Non-Hispanic black
Other

Diagnosis BMI, z-score

aOR (95% Cl)

aOR (95% Cl)

aOR (95% Cl)

1.05 (0.97-1.12)

0.98 (0.94-1.02)

Ref.
3.44 (1.53-7.74)
0.84 (0.71-0.98)

Ref.
0.74 (0.49-1.13)

Ref.
2.18 (1.40-3.41)
2.33 (0.95-5.69)
0.93 (0.38-2.26)
NA

1.15 (1.04-1.28)

0.88 (0.80-0.96)

Ref.
4.72 (1.32-16.90)
0.77 (0.61-0.96)

Ref.
0.86 (0.54-1.38)

Ref.
1.89 (1.14-3.13)
2.30 (0.88-5.99)
1.08 (0.39-2.96)
NA

1.14 (1.02-1.29)

0.90 (0.81-1.01)

Ref.
17.45 (1.14-266.26)
0.66 (0.45-0.96)

Ref.
0.77 (0.45-1.33)

Ref.
2.03 (1.14-3.59)
1.79 (0.56-5.75)
1.08 (0.30-3.85)
2.03 (1.57-2.62)

aOR Adjusted Odds Ratio; Cl, Confidence Interval; CRT, Cranial Radiation Therapy; BMI, Body Mass Index

Adjusted for age at follow up (continuous) and other variables included in table, relative to normal weight, underweight individuals excluded

(n=11)

2Mode| 2 restricted to patients with height and weight recorded at diagnosis (n=292)

3 . .
Age at diagnosis centered at 7 years
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