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Abstract
Background—Survivors of childhood acute lymphoblastic leukemia (ALL) are vulnerable to
exaggeration of the aging process including decreased bone mineral density (BMD). As little is
known about their dietary or nutrient intake that may affect their long-term bone health, we
examined nutrient intake in long-term survivors of childhood ALL.

Procedure—Survivors (n=164) of childhood ALL who had completed treatment for at least 5
years and were in continuous remission, completed a 110-item food questionnaire that reflected
dietary intake over the previous year. The analyzed cohort comprised 34 females and 38 males
younger than 19 years and 45 females and 47 males at least 19 years. Reported nutrient intake and
food selection were compared with age-specific Recommended Dietary Allowance and USDA
Pyramid Food Guide. Body mass index was compared to the general US population, adjusted for
age, gender, Tanner stage and race.

Results—Less than 30% of participants met recommended dietary intakes for vitamin D,
calcium, potassium or magnesium regardless of age. Mean daily caloric intake was 2204 Kcal
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(51% from carbohydrates) for younger and 2160 Kcal (49% from carbohydrates) for older
participants. Energy intake from sweets was 70% higher than recommended. Participants <19
years were less likely to have a healthy weight (Odds Ratio.0.48, 95% CI 0.30-0.79); < 19 years
more likely to be overweight (Odds Ratio 1.95, 95% CI 1.11-3.32, p<0.002)

Conclusions—Survivors of childhood ALL need careful dietary intervention to optimize long-
term health.

Keywords
body mass index; dietary intake; acute lymphoblastic leukemia; pediatric leukemia; childhood
cancer survivors

Introduction
With contemporary treatments, 80% to 90% of children with acute lymphoblastic leukemia
(ALL) become long-term survivors[1] and represent a rapidly growing population of young
adults who are vulnerable to exaggeration of the aging process[2]. Possible late effects
include not only decreased bone mineral density (BMD)[3,4] and obesity[5-8] but also an
increased risk of secondary cancers and chronic illnesses[9,10]. Whether these maladies are
due to poor health practices or are long-term consequences from cancer or its treatment
remain in question[2]. Some studies suggest that long term survivors of childhood ALL are
more likely to be overweight or obese than the healthy population[11]; others show that the
increased rate of being overweight or obese in the survivors reflects the trend seen in the
general population[11,12]. Despite this uncertainty, poor nutritional practices may
predispose individuals to chronic disease or increase the likelihood of developing another
cancer [13]. Because little is known about the nutritional habits of long-term survivors of
childhood ALL, we studied their nutritional practices, particularly as they relate to BMD,
and evaluated opportunities for interventions to promote healthy food choices integral to
bone health.

Participants and Methods
Participants for this study represent long-term survivors of ALL These individuals were
treated and followed under Institutional Review Board (IRB)-approved treatment protocols
(1984 to 1997): Total Therapy Studies XI, XII, XIIIA and XIIIB [14-17]. All participants
were approached by a research study nurse in person or via phone and provided informed
consent or assent for those < 18 years and had parents or legal guardians consent to
participate in a nutritional interventional trial whose goal was to improve BMD[18]. Briefly,
those targeted for recruitment and enrolled in the nutritional intervention trial had to be in
complete remission and at least 5 years since completion of therapy. The focus of the
intervention was on increasing calcium and vitamin D intake through foods and/or
supplements. Thus, participants were ineligible if they had active disease, were pregnant or
lactating, had anemia, were unable to take pills, or had prior bone marrow transplantation.
Individuals reported taking calcium and vitamin D supplements were asked to abstain from
their use for 3 months prior to study enrollment. All data were managed according to the
Health Insurance Portability and Accountability Act (HIPAA) of 1996. This report includes
those individuals who enrolled in the nutrition intervention trial and completed the baseline
nutrition evaluation.

Dietary Intake Measures
A self-administered food frequency questionnaire (FFQ)[19] was completed by participants
or with help by caregiver at the baseline visit of the nutrition intervention trial. This 110
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food item questionnaire (Block 1998 [19]), developed from NHANES III dietary recall data,
was designed to estimate usual intake of macro and micro nutrients. The nutrient database
was developed from the USDA Nutrient Database for Standard Reference. Individual
portion size was asked for each food; pictures were provided to enhance quantification
accuracy. The completed questionnaires were processed to yield nutrient and food intake
according to the USDA pyramid food guide [www.mypyramid.gov] for the previous 12
months. Initially, study participants (n=261) were permitted to complete their questionnaire
independent of the study coordinator and return the completed form by mail. The percentage
of returned questionnaires was suboptimal and of those returned, many with incomplete
responses were deemed unacceptable for processing. Thus, we modified the administration
process such that all questionnaires were reviewed by a registered nutritionist for
completeness during a clinic visit and submitted prior to participant departure. The study
participants in this report comprise only those who completed the questionnaire after process
modification (n=174).

Of the 174 participants, eight were excluded from analysis as their daily kilocalorie intake
fell either less than 500 or greater than 5,000 kcal per day. Two additional participants were
excluded due to incomplete data. Thus, 164 participants were evaluable for this study. Our
exclusion criterion was based on a widely used approach in nutritional epidemiology to
identify those with implausible reports [20]. The quality of each participant's diet was coded
according to the Healthy Eating Index[21] [corrected ref 21] [http://www.cnpp.usda.gov/
healthyeatingindex.htm] which measures nutritional dietary quality. An average score was
calculated according to the age group (<19 years or ≥19 years). Foods considered as sweets
were those to which sugars or syrups were added during preparations or processing as
grouped in the USDA pyramid food guide[19]. A low Healthy Eating Index score indicates a
possible low intake of nutrients important in bone health.

Anthropometric Measurements
Participant's height was measured without shoes using a wall-mounted stadiometer. Two
measurements were taken and a third if the difference between the two measurements
exceeded 1 cm. The average of the two closest measurements was used as the participant's
height. Body weight, recorded to the nearest 0.1 kilogram, was measured using a calibrated
digital scale. Participants wore light clothing. Body Mass Index (BMI) was calculated as
weight divided by height squared. Body weight status was divided into four groups. For
those 19 years of age and younger, Center for Disease Control Growth Charts for age and
gender were used as a reference for underweight (BMI below 5 percentile), healthy weight
(BMI ≥5th and <85th percentile); at risk overweight (BMI ≥85th and < 95th percentile); and
overweight (BMI ≥ 95th percentile) [22,23]. For those 20 years of age and older, BMI was
used to classify underweight (< 18.5 kg/m2), healthy weight (18.5-24.9 kg/m2); overweight
(24.9-29.9 kg/m2); and obese (≥30 kg/m2) [24].

Statistical Analysis
Statistical analyses were performed using SAS statistical software[25] and Proc StatXact
released by the Cytel Software Corporation[26]. Descriptive measures of selected
characteristics were compared between survivors who did or did not complete the FFQ at
baseline entry into the larger clinical trial. We used Wilcoxon-Mann-Whitney test to
compare measures as the data was not normally distributed. The significance level was set at
p = 0.05. Nutrition information was compared according to gender, race (non-Hispanic
white, non-Hispanic black and others), age group (< 19 years and ≥19 years), and BMI
group (underweight, healthy, overweight, and obese). The age groups were selected to
match the age ranges established for Dietary Reference Intakes (DRI)[27-31]. The percent of
each age group meeting the DRI was calculated as the sum of all individuals whose intake
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met the DRI for each nutrient. The percent of participants meeting the acceptable
macronutrient distribution ranges (AMDR) for percent kilocalories from fat fell within the
following ranges (age < 19 years: 25-35% of kcal from fat, ages ≥19 years: 20-35 % kcal
from fat). If the participant's fat intake fell outside of these ranges (either too high or too
low), it was considered as not meeting the recommended amount. The same algorithm was
used for determining the ADMR for protein (age < 19 years: 10-30%; ages ≥19 years: 10-35
%) and carbohydrate (age < 19 years: 45-65%; ages ≥19 years: 45-65 %). To compare the
proportion of study participants that were classified as at risk for overweight, overweight or
obese compared to the US population[32,33], odds ratio's and 95% exact confidence limits
were computed for each weight category for each age group with an algorithm based on
Thomas[34]. Fisher's exact test[35] was applied to determine if there were differences using
one-sided p-values.

Results
Patient Demographics

The 164 evaluable patients included 34 females and 38 males 18 years of age or younger
and 45 females and 47 males 19 years of age or older. Study participants were characterized
by 84% Non-Hispanic White (NHW), 15% Non-Hispanic Black (NHB), and 1% other race.

Comparison of participants who did or did not complete the FFQ
Survivors who did or did not complete the FFQ (Table I) were comparable with respect to
gender, race, BMI distribution, Tanner stage, years since treatment, and use of multiple
vitamin supplements. The only exception was age: survivors who completed the FFQ were
older than those who did not (19.6 years vs. 16.6 years; p <0.0001, respectively).

Nutrient Intake
Nutritional intake amongst study participants is presented in Tables II and III. Study
participants under-consumed dairy products, fruits, vegetables and whole grain groups when
compared to nutrient intake recommended by the USDA Pyramid Guide
[www.mypyramid.gov]. Energy intake from sweets was 70% higher than the recommended
level. The average Healthy Eating Index Score was 58.9 out of 100 for the younger age
group (<19 years) and 56.9 for those 19 years and older. While 100% of the participants met
the protein intake, the carbohydrate intake was primarily from low fiber containing foods
that were highly processed. Sixty percent of our sample consumed a higher percent of fat
than was recommended by the DRI's. Consuming a multivitamin supplement was reported
by 13.8% of participants younger than and 30.4% of those older than 19 years.

Less than 30% of participants met the recommended level of intake for vitamin D, calcium,
potassium or magnesium. Only 47% of those below 19 years met the recommended levels
for phosphorus, compared to 84% of those over 19 years. Other nutrients that were most
limited in the diet regardless of age included folate (< 52% met the DRI), vitamin E (<23
%), and fiber (<6%). Nutrient intake meeting the DRI comprised (% by age < 19, ≥ 19):
vitamins A (73.6%, 27.2%), B6, (83.3%, 52.2%) B12 (76.4%, 65.2%), and C (84.7%,
63.0%); thiamin (89.9%, 65.2%), and riboflavin (90.3%, 77.2).

Body Weight Status
Study participants between the ages 8 and 19 years had a lower prevalence of healthy weight
(odds ratio [OR], 0.48; 95% confidence interval [CI], 0.30-0.79; p=0.002) and higher
prevalence of overweight (OR, 1.95; 95% CI, 1.11-3.32; p=0.010) than described by
NHANES[32] (Figure 1). Though not attaining statistical significance, survivors older than
19 years tended to have low prevalence of healthy weight (OR 0.74; 95% CI, 0.45-1.18) and
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high prevalence of at risk of overweight (OR, 1.12; 95% CI, 0.68-1.83) and of overweight
(OR,1.25; 95% CI, 0.76-2.02). The prevalence of being underweight was 4.3% in the
younger group and 2.3 % in the older group. Patients who had received cranial irradiation
were significantly more likely to be overweight or obese compared to the other survivors (p
= 0.0466, OR=2.124, CI= (1.011,4.461).

Discussion
Dietary intake affects all metabolic processes with the net effect on metabolism being
dependent on the stage of the life cycle, physical activity and hormonal milieu. The trial in
which participants were ultimately randomized focused on improving BMD. However,
important information was obtained prior to any intervention and provides insight into
dietary habits contributing to overall health with specific focus on BMD in survivors of
childhood ALL.

The AMDR provides a range of intake of carbohydrate, fat and protein that is associated
with reduced risk of chronic disease while providing adequate intake of essential
nutrients[31]. While reported protein intake fell within the AMDR in more than 90% of the
cohort, reported carbohydrate and fat intake exceeded recommendation in 38% and 47% of
the participants, respectively. Since fiber intake was low, the majority of the carbohydrates
consumed might have come from refined sources. This suggests that the high intake of
carbohydrates and fat was at the expense of foods high in nutrients important to bone health.
Therefore, dietary interventions should focus on the quantity and quality of dietary fats and
carbohydrates as well as assuring adequate intake of vitamin D, calcium, potassium,
magnesium and folate. We also found that the majority of the study participants failed to
meet the DRI for vitamin D, calcium, potassium, magnesium and folate – all important
nutrients for skeletal development.

Selection of food sources
The prudent diet that includes fruits, vegetables, whole grains, low-fat dairy products, fish
and poultry is promoted to prevent chronic diseases such as heart disease, hypertension,
diabetes mellitus, cancer, obesity and perhaps osteoporosis. Nutrition interventions usually
emphasize changes in food habits, which translate into changes in nutrients consumed.
Cornerstones of most dietary interventions include increasing consumption of fruits and
vegetables while minimizing intake of foods high in fat and refined carbohydrates. The fact
that only 1% of our participants met the AI for fiber implies that whole grains, fruits and
vegetables had a limited presence in their diet. Intake of fruits and vegetables is typically
low in the US population with one study reporting only 35.1% being compliant with
recommendations[36]. Like the majority of the US population, our study participants fall
short of consuming 5 to 9 servings of fruits and vegetables and 3 or more servings of dairy
products daily[37]. Our findings contrast with one study that showed ALL survivors
consume higher quantities of fruits, vegetables and dairy products[38]. Fruits and vegetables
are excellent sources of potassium but also provide bicarbonate, essential oils and
monoterpenes[39-41] that may be beneficial for bone metabolism.

Weight status
Based on weight status as an indicator of long term energy balance, the majority of long-
term survivors consumed more energy than they expended, contributing to risk for
overweight or obesity. Thirty-seven to 51% of study survivors met their energy
requirements. However, 49% younger than 19 years and 63% of older survivors are at risk
for overweight, overweight or obese. Our current estimate and that of a recent report from
our institution [12], show 11-57% of children are at risk for overweight or fell well within
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that range [42-44]. Being overweight as a child or adolescent is a strong risk factor for
overweight or obesity as an adult[12]. The increase in overweight or obesity in ALL
survivors has been linked to decreased physical activity and increased energy intake from
treatment with corticosteroids[43]. The finding of association between obesity and treatment
with cranial irradiation in this study has been previously reported [45]. Reported
associations between increased BMI and hypertension, dyslipidemia, cardiovascular disease,
type II diabetes, osteoarthritis and some cancers, has prompted concern for long-term health
of ALL survivors[46]. Although excess body weight has been considered a protective factor
for osteoporosis[47], body weight does not account for differences in the rates of bone loss
and fracture risk in adults aged 70 to 79 years of age with type II diabetes[48,49]. Thus,
concern for bone health in persons who are overweight or obese may depend on the long-
term sequelae associated with treatment combined with genetic predisposition to
diabetes[43].

Weight control is universally important for overall health making weight reduction for
overweight or obese survivors a logical target for intervention. However, weight loss and
preservation of BMD must be balanced as intentional weight loss has been purported as a
possible detriment to bone mass [50-52]. It is estimated that a 1-2% decline in BMD is
associated with a 10% weight loss. Research suggests that energy deficiency of 500
kilocalories has little or no effect on bone metabolism [53]. Thus, interventions targeting
excess weight in adult survivors of pediatric ALL should focus on obtaining a healthy body
weight while minimizing mineral loss. Since weight loss effects on bone mass in children
are unknown, the focus should optimize growth while minimizing the adverse effect on bone
acquisition and promoting healthy regimes consistent with the prevention of other chronic
diseases.

Intake of minerals
Diet-related bone research promotes a positive calcium balance during childhood and
adolescence and a net calcium balance of zero during adulthood. More recent investigations
characterize potassium, sodium and magnesium as modulators of bone metabolism [54-57].
Both childhood and adult survivors of ALL studied, reported suboptimal intake of most
minerals. However, the average intake reported for these nutrients by our participants are
similar to those reported from the Nutrition Health and Examination Survey 1999-2000[58].
Suboptimal intake of minerals combined with insults to bone metabolism from ALL
therapy[59] and possible coexisting endocrinopathies[60] may predispose survivors to a
higher risk of osteoporosis and other chronic diseases at a younger age than would be
expected.

Vitamin intake
Vitamins directly or indirectly affect bone metabolism through the endocrine and/or
paracrine system by modulating calcium homeostasis. While our cohort reported low
vitamin D intake, we did not consistently measure their serum 25 hydroxy-vitamin D level, a
marker of vitamin D adequacy that integrates both diet and ultraviolet exposure. Some B
vitamins, have been implicated in affecting bone metabolism either by acting directly on
BMD by impaired cross link formation[61] or via homocysteine in adults[62,63]. Vitamins
A, C, E and K have been linked to bone metabolism via collagen synthesis or bone turnover,
and to BMD and fractures in adults [64-67]. The importance of these nutrients is only now
being examined in children [68,69].

Study limitations and strengths
The limitations of our report include a modest sample size, making it difficult to examine
relationships between individual nutrients, body weight status and BMD. We were able to
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identify significant dietary differences between younger and older survivors. Such
information is important for developing interventional programs directed at improving
overall nutrition and long-term health. The cross-sectional nature of investigation reflects a
single point in time. Our findings nevertheless demonstrate a need for nutritional
intervention programs over a broad spectrum of ages ranging from teens to young adults and
indicate dietary intake characteristics that could be targeted relative to patient age. We also
acknowledge that the dietary intake of the predominately white American population, most
of whom reside in the midsouth, may have limited generalizability. As in other studies[38],
the FFQ does not measure salt or sugar added during food preparation. Despite this
limitation, the FFQ is fairly easy to complete and provides a cost- and effort-efficient means
to assess dietary intake in a large patient population. While the FFQ is used to rank
individuals, it has been deemed adequate for reporting intakes of groups. The intake by our
childhood survivors is similar to that reported by other researchers using a FFQ[38,70]. The
intake of the adults is similar to that reported by NHANES suggesting that our population of
ALL survivors is similar to the general US population.

Strengths of this study include the quality control measures used to collect, process and
evaluate nutrient and food intake and the large patient cohort evaluated.

In summary, long-term survivors of ALL are similar to the general US population with
regard to consuming less minerals and vitamins than are considered essential for optimal
health. The low consumption of dairy foods, fruits and vegetables provides a target for
interventions. When coupled with behavioral interventions that increase nutrient density of
the diet while normalizing body weight, the amelioration or prevention of complications and
development of osteoporosis and other chronic diseases may ensue.
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QCT quantitative computed tomography
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AI Adequate Intake

AMDR Acceptable Macronutrient Distribution Range

USDA United States Department of Agriculture

BMI Body mass index

FFQ Food frequency questionnaire
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Figure 1.
Weight Status of Participants according to Age and sex groups (%) as defined by Center for
Disease Control Growth Charts[24]. (A) Depicts the distribution of reported pediatric
participants and (B) the distribution of reported adult participants (dark gray) compared to
the general population (light gray). 1Odds ratio (95% Confidence Interval); 2p=0.004; 3

p=0.016 distribution different than US population for 8-19 y; percent in the US population
ages 8-19[33]; percent in the US population ages 20-35[32]. Underweight values for US
population not available.
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