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Abstract

Background With improved survivorship and long-term health outcomes, the long-term nutritional management of childhood

cancer survivors, from diagnosis to long-term follow-up, has become a priority. The aim of this study was to assess diet quality

of children receiving treatment for cancer. Procedure Participants were parents of childhood cancer patients who were receiving

active treatment and not receiving supplementary nutrition. A three-pass 24-hour dietary recall assessed food and nutrient

intake. Serves of food group intakes and classification of core and discretionary items were made according to the Australian

Dietary Guidelines and compared with age and sex recommendations. Results Sixty-four parents participated (75% female).

Nearly all children were not consuming adequate intake of vegetables (94% of patients), fruit (77%) and milk/alternatives

(75%). Of the vegetables that were consumed, half were classified as discretionary foods (e.g. chips/fries). Nearly half (49%)

of children exceeded recommendations for total sugar intake and 65% of patients had an excessive sodium intake. Discussion

The diet quality of children undergoing treatment for cancer is generally poor. Information provided during treatment should

focus on educating parents on a healthy diet for their child, the importance of establishing healthy eating habits for life, and

strategies to overcome barriers to intake during treatment.

Introduction

The nutrition management of childhood cancer patients is an important aspect of their multidisciplinary care
plan and medical management. The focus of this management has been on the prevention of undernutrition1.
Without nutrition therapy, up to 50% of paediatric cancer patients are likely to become malnourished
2. Nutrition therapy in childhood cancer patients tends to focus on weight and growth-based outcomes
whereby the maintenance of normal growth and development is the primary goal of nutrition interventions3.
Algorithms for initiating nutrition supplementation are predominantly based on weight changes and the
suggested interventions themselves rely on commercial supplements, enteral tube feeding and parenteral
nutrition 4.

Positively, recent research has shown that patients are meeting energy requirements during treatment 5, as
a consequence of a focus on symptoms affecting dietary intake. In children treated for childhood leukaemia,
80% of patients experience disrupted eating behaviour with issues such as nausea, changes in appetite,
vomiting, food refusal and fussy eating affecting intake 6-8. Consequently, parents often report changing
their parenting strategies after diagnosis, including exerting higher levels of overprotectiveness, lower levels
of discipline, offering nutrient-poor food rewards and non-food rewards for eating, and pressuring their child
to eat9. There is a suggestion that the dietary intake of childhood cancer patients during treatment may be
poor with research showing intake of poor quality foods and a reduction in food variety10,11. For those who
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are able to eat, food choices tend to be limited 8 or patients have a preference for “junk food” 12. It also
appears that parents are not concerned about their child’s overall diet quality during their cancer therapy
13, as long as they are eating. Many childhood cancer patients are less than five years of age where long term
feeding patterns and habits are being established 14. In childhood cancer the triad of disease, its treatment,
and feeding difficulties, may therefore lead to poor eating habits that persist long into adulthood.

As medical treatments have advanced, outcomes for childhood cancer patients have also improved signifi-
cantly. In contrast to these obvious positive outcomes, chronic disease such as obesity and cardiovascular
disease are being recognised as long term sequelae in adult survivors of childhood cancer 15. Adult childhood
cancer survivors have been shown to have poor dietary habits, with inadequate intake of fruit and vegetables,
fibre and calcium and a high saturated fat intake16,17. It has also been shown that this poor dietary intake
is manifesting within the early stages off treatment18,19. This is of particular concern as childhood cancer
survivors have a predisposition to metabolic complications20 and there are high rates of obesity, especially
in patients diagnosed with acute lymphoblastic leukaemia (ALL)21. Although the documented poor dietary
habits reflect current unhealthy eating habits across the broader population22, there is a need to address the
dietary habits of childhood cancer patients during treatment.

A number of recent reviews highlighted the need for dietary intervention studies that aim to optimise
therapy and survival, and reduce treatment-related late effects 23,24. Decisions made regarding the nutrition
management during cancer treatment the patient’s diet quality and nutrient intake, may have the potential
to influence short- and long-term morbidity and mortality 25,26. There is a dearth of literature investigating
the dietary intake of childhood cancer patients during treatment 27. The aim of this study was therefore to
assess the dietary intake and diet quality of children receiving treatment for cancer.

Methods

Study Participants

Participants were parents and/or primary carers of childhood cancer patients aged between two and 18
years receiving active treatment for cancer in a major metropolitan paediatric tertiary referral hospital.
There were no exclusions based on cancer type although all children (of the parents) were required to be
receiving active treatment. Where a child was undergoing chemotherapy but more than two weeks into the
maintenance stage of their treatment regimen, parents/carers were excluded. The aim of the study was
to assess the diet quality of childhood cancer patients who were relying on oral intake to maintain their
nutritional status. Only children consuming food orally were included in the study, with those on enteral
or parenteral feeds excluded. The participants were required to be sufficiently fluent in English to complete
the written questionnaire.

Recruitment

Eligible participants were identified through hospital records by a qualified dietitian familiar with oncol-
ogy patients at the hospital. All eligible participants were approached during outpatient clinic visits by a
researcher not involved in the care of the participant’s child. Potential participants were provided with in-
formation on the study, and invited to participate, with informed consent obtained in writing. Participants
were recruited between April 2016 and February 2017. The study protocol was approved by the Sydney
Children’s Hospital Network ethics committee (EC00130).

Data Collection

Data was collected via a written questionnaire completed by the participant. The questionnaire was devel-
oped using both validated scales and items purposely designed by a team comprised of a dietitian, psycholo-
gist, clinical oncologist and psychosocial researcher. Sociodemographic questions of the participant covered
age, sex, highest level of education, hours worked per week on average, self-reported weight and height, and
relationship to the patient. Health literacy of participants was assessed using a validated four-item Brief
Health Literacy Scale 28. The four questions relate to an individual’s ability to read and understand medical
and hospital forms and level of understanding is assessed using a 5-point Likert scale. Scores range from 0-36.
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The socio-economic indexes for areas (SEIFA) index of relative socio-economic advantage and disadvantage
was used to define participant socio-economic status by postal/zip code 29. Scores range from one through
to 10, where 10 indicates high relative socio-economic advantage29.

Patient demographic characteristics collected included sex, date of birth, cancer type, stage and date of
diagnosis, relapse status and treatment regimen. The information on the patient’s diagnosis, stage, relapse
status and treatment regimen were used to calculate the Intensity of Treatment Rating 30. The Intensity
of Treatment Rating provides four categories of treatment intensity ranging from level 1 which indicates
the treatment is minimally invasive to level 4 which indicates the most invasive treatment30. Patient’s
current weight and height were also collected to calculate body mass index (BMI). BMI-for-age percentile
and z-scores were adjusted for age and sex using the Centre for Disease Control and Prevention growth
charts, to allow for comparisons across age groups. The BMI-for-age percentile was classified as either
underweight (<5th percentile), healthy weight (5th-84th percentile), overweight (85th-94th percentile) or
obese (>95thpercentile)31.

One day of dietary intake was assessed using a three-pass 24 hour dietary recall 32. This method consists of
a structured interview conducted by the study coordinator who asks the adult caregiver to list everything
the child ate or drank during the previous day. The three-pass 24-hour dietary recall is considered to
have one of the highest validation standards for dietary assessment methods as the method utilises a very
structured interview procedure that includes three distinct probing sessions (or passes) during the interview.
32 The 10-item Peds-FAACT:Pediatric - Functional Assessment of Anorexia Cachexia sub-scale was used as
a subjective measure of the severity of food related symptoms such as taste change and poor appetite 33.
Questions include subjective views of symptoms such as early satiety, nausea, vomiting and taste changes
in the previous seven days. A 5-point Likert scale (0=not at all to 5= very much) was used to score each
question.

Data Analysis

Dietary data from the 24-hour recalls was analysed using the FoodWorks nutrient analysis software program
(version 8, 2015; Xyris Software, Queensland, Australia). For food and drink items missing from the Food-
Works database, nutrient content was obtained from product nutrition panels and entered manually. Serves
of food group intake (fruits, vegetables, grains, meat/alternatives and milk/alternatives) were automatically
calculated by FoodWorks dietary analysis software (Xyris software, Version 8). Foods were then classified as
core or discretionary foods by a researcher according to the 2013 Australian Dietary Guidelines 34 whereby
discretionary foods are described as higher in energy density, saturated fat, sodium, sugars and or alcohol).
Manual extractions of discretionary foods were required in some instances. For example, fruit juice is consid-
ered a discretionary item so was separated from fruit intake. Food intake data was compared to age and sex
appropriate recommended serves for Australian children34. Dietary intake results for children in the general
Australian population and were obtained from the 2011-12 Australian Health Survey 35,36 and used as a
comparative norm. Food group intake was expressed as a percent of serves recommended by the Australian
Dietary Guidelines 34 to allow for comparisons between age groups.

A nutrient was included for dietary assessment if an appropriate Nutrient Reference Value or Australian
Dietary Guideline recommendation existed. Incorporating all nutrients possible contributes to a thorough
assessment of dietary quality. Children’s nutrient intake was expressed as a percentage of their age and sex
appropriate estimated average requirement (EAR) or adequate intake (AI) when EAR was not available37.
The estimated energy requirement of each child was calculated using age appropriate Schofield equations38

multiplied by a physical activity level of 1.5 (sedentary)39. The Schofield equation calculates an estimation
of a person’s basal metabolic rate based on their age, gender and weight 40. Total energy intake was
expressed as a percentage of estimated energy intake (%EER) for each child which allowed mean %EER
to be calculated. Intake of carbohydrate, protein and fat was also expressed as a %EER to determine
macronutrient distribution ranges and compare these to the acceptable macronutrient distribution ranges
for reduced risk of chronic disease34. Descriptive statistics for demographic and dietary intake data were
calculated using SPSS statistics (version 21.0, 2012; IBM Corp., Armonk, NY).
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Assumptions of normality did not appear to hold for some variables, therefore for consistency non-parametric
tests were used. Non-parametric tests (Mann-Whitney and Kruskall-Wallis) were used to compare the
difference in dietary intake between patient sex (male versus female), diagnosis (ALL versus other) and
treatment intensity. As children treated for ALL are at a higher risk of obesity than other diagnoses21, a
comparison of the dietary intake between children with ALL and other diagnoses was undertaken. Statistical
significance was set at a level of 0.05 with no adjustment for multiple comparisons.

Results

Participant Demographics

Sixty-eight participants were approached and invited to participate in this study. Surveys were distributed
to 67 parents/carers of paediatric cancer patients. Sixty-four participants completed the 24-hour recall and
questionnaire representing a 94% response rate. Of the surveys returned, three were excluded from the
analysis as one was a duplicate, one paediatric patient was on maintenance treatment, and one child had
turned 18 during the survey and did not provide their own consent, resulting in a sample size of sixty-one.
Demographic information (Table 1) showed mean age (SD) of the childhood cancer patients was 8 (±4.47)
years. The majority children (68%) were a healthy weight for their height and 3%, 12% and 14% were
considered underweight, overweight and obese respectively.

Dietary Intake

Dietary data analysis revealed 50% of children were exceeding their %EER by greater than 10%, although
19% were consuming less than 75% of their %EER. Patients were consuming excessive protein intake with
a mean intake of 400% of requirements and only 5% not meeting their protein requirements. The patients
mean nutrient intake all exceeded EARs indicating generally, that it is unlikely individuals are deficient
in specific nutrients. The percentage of children not meeting the EAR/AI was lower than the normative
data from the Australian Health Survey (except for magnesium and calcium), however, using the crude
measure of EAR it cannot be determined if any children were at risk of deficiency. In contrast, when dietary
quality was considered, particularly with respect to nutrients associated with increased risk of chronic disease,
large numbers of children exceeded recommendations. Sugar intake was excessive, with nearly half (49%)
of children exceeding recommendations for total sugar intake (>20% total energy from sugars) and 61%
exceeding recommendations for added sugar intake (>10% total energy from added sugars). More than half
of the children were not meeting their AI recommendations for fibre (61%). Sodium intake was calculated
as excessive (intake >100% of the highest bound range of AI) in 65% of children, although this percentage
was slightly lower than normative data (Table 2).

There was no significant difference between intakes of core food groups between male and female or between
patients with ALL and other diagnoses (Supplementary Table 1). There were no significant differences in
intake for any food groups and treatment intensity except for core grain foods (p=0.017), with core grain
intake greater amongst those on moderate intensity treatment compared to all other intensities.

Considering food group data as a further measure of dietary quality, many children did not meet minimum
serves recommended for intake of all core food groups (Table 3). It is important to consider the intake
excluding discretionary foods, as these foods add excessive saturated fat, sodium and sugar, and insufficient
dietary fibre and whole grains. The intake of core foods was like the Australian Health Survey normative
data. When this data was reviewed to include intake from discretionary items, the general lack of dietary
nutrient deficiency (Table 2) was explained. Patients had a larger intake from most food groups compared
to normative data, however the discretionary nature of their intake indicated poorer dietary quality. Half
(51%) of total vegetable intake serves were classified as discretionary according to the Australian Dietary
Guidelines. Foods contributing significantly to discretionary vegetable intake included takeaway fries, savoury
chips/crisps and tomato sauce.

Fruit juice contributed to 47% of total fruit intake. Core foods contributed to greater than 65% of food group

4
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intake for grains, meat and dairy. Discretionary food items contributing to total grain food group intake
included pastry products, baked goods and sweet and savoury biscuits. Refined grains, if from core foods
(e.g. breads, cereals) are still classified as core foods. However, whilst grains classified as discretionary foods
contributed to only 31% of grain intake, refined grains contributed to 71% of grain intake. The Australian
Dietary Guidelines recommend grain consumption to consist mostly of whole grains. Core foods contributing
to refined grain intake included white bread, rice and pasta. Foods contributing to meat and milk alternatives
intake were mostly classified as core foods, though there were contribution from non-core foods, with some
amounts of processed meats including bacon and salami contributing to meat intake, and small amounts of
ice cream and chocolate contributing to dairy.

Food Related Symptoms

The most common symptoms parents reported their children were experiencing were taste changes (17.8%)
and early satiety (14.6%) (Figure 1). Almost 60% of parents reported that their child was able to “eat as
much as they wanted” and only 4% of carers reported needing to pressure their child to eat.

Discussion

This study aimed to describe the dietary intake and dietary quality of children during their treatment
for cancer. The dietary data collected in this study suggests that children receiving cancer treatment are
consuming diets of reasonable quantity, but poor quality. There were some potential inadequacies of nutrients,
and under-representation of core food groups were seen amongst most of this childhood cancer population.
This study also found that many parents reported that their children were able to eat what they liked and
did not experience issues with treatment related side effects such as nausea or vomiting.

Overweight and obesity and its consequent inflammation is linked with the sequelae of metabolic diseases 41

of particular concern in childhood cancer survivors as rates of these disease are higher in this group 15. Our
study found half of the children being treated for cancer were consuming greater than 110% of their energy
requirements. It appears that for some patients, the excessive energy intake seen at the end of treatment
is manifesting during treatment 19. Excessive energy intakes resulting in weight gain places a childhood
cancer survivor at an even higher risk of developing a chronic health condition post treatment completion
42. A recent study has shown that it is possible to prevent excessive weight gain with a targeted nutrition
intervention during maintenance therapy 43 though it may be that targeted interventions need to occur
during early cancer treatment 23.

Comparisons to normative data from the Australian Health Survey suggest that fruit and vegetable intake of
childhood cancer patients was greater than that of Australian children in the general population, primarily
related to intake of discretionary foods, with fruit juice contributing to more than half of total fruit intake.
Vegetable based discretionary foods including takeaway fries and chips comprised the majority of discretio-
nary vegetable intake suggesting that total vegetable intake was of a poor nutrient quality. Given the role
that adequate food intake of core vegetables, fruit and whole grains play in prevention of chronic disease
44, assisting families to improve diet quality in these food groups is important. Additionally, consuming
a nutrient rich diet comprised of fruits, vegetables and whole grains may contribute to long-term weight
maintenance among survivors of childhood cancer 45.

The goal of both parents and clinicians working in paediatric oncology until now has been the prevention of
weight loss through the use of a high energy diet 46. This may encourage an ‘anything goes’ approach to intake,
particularly intake of high energy foods. (11) Many nutrition information resources encouraging consumption
of discretionary foods, including those high in saturated fat such as ice-cream, hot chips and fortification with
butter and cream. Given that these poor dietary habits established during cancer treatment may persist into
adulthood (3), a shift in focus from merely weight and weight maintenance is required. Specifically, clinical
teams need to assist in establishment of good dietary habits, while managing side effects and barriers to
achieving adequate intake. It may also be that dietary advice during cancer treatment may need to be
targeted depending on treatment intensity and the potential for nutrition-related side effects. Focussing on
dietary quality 23 while still avoiding malnutrition, both under- and over-nutrition15,20, is required.
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There will still be some patients who receive high intensity treatment and are therefore known to have
a high nutrition risk disease. This increases their likelihood of requiring supplementary nutrition, and a
continued focus on the prevention of weight loss is required. However, for other paediatric oncology patients
the nutrition therapy may need to be altered. Specifically, this may require a shift away from monitoring
weight only and instead reviewing the nutritional value of the whole diet, working with families to manage
food related treatment symptoms, and establishing long-term healthy dietary patterns to avoid risks to long-
term health 15,20. Barriers to intake such as fussy or picking eating, are often not unique to sick children (27).
In fact, one study found very few differences in eating and mealtime behaviours between children receiving
cancer treatment and healthy children (27). This suggests that nutrition information for parents of children
with cancer should not necessarily be dissimilar to regular messages provided to parents including eating a
healthy, balanced diet, establishing good eating habits, and consuming fruits, vegetables, and wholegrains.

Limitations

The dietary data should be interpreted with caution as dietary intake information was collected cross-
sectionally using a 1-day 24-hour diet recall and may not be indicative of the larger picture of the changing
dietary quality during treatment. Future studies should consider the use of the 24-hour diet recall assess
over a three-day period to assess dietary intake 47 with dietary intake assessed longitudinally throughout
cancer treatment. This study had a small sample size which resulted in an uneven sample distribution
across age groups. Therefore, identification of groups most at risk of poor dietary quality could not be
concluded. Additionally, the sample was heterogeneous across cancer diagnosis and treatment, making it
difficult to draw conclusions regarding dietary quality across treatment intensity. The study did not adjust
for multiple comparisons with the possibility of an inflated Type I error. Due to this, the results need to be
interpreted with caution. Nutrition information needs will vary for different cancer and treatment types; for
example, steroid use will drive up hunger 21 whereas other treatments can cause nausea, vomiting and other
symptoms that impact intake. The study excluded patients who were receiving enteral nutrition during
the study period. Although childhood cancer patients receiving enteral nutrition rely on supplementary
feeding for their nutritional intake, some patients may also be consuming some oral intake. Excluding these
patients may have introduced some sampling bias and future studies should aim to assess the dietary intake
of all patients during active treatment. High levels of health literacy and socio-economic status among
study participants may have influenced the results of this study. The results from this study may not be
transferrable to other oncology populations, especially those from developing countries where treatment and
dietary advice may vary.

Conclusion

The current study shows that diet quality of children undergoing treatment for cancer is generally poor. Given
the high survivorship rates and increased risk of chronic disease, information provided during treatment
should focus on educating parents on a healthy diet for their child, the importance of establishing healthy
eating habits for life, and strategies to overcome barriers to intake during treatment. We no longer need to
use nutrition therapy as a “one-size-fits-all” approach but should be based on treatment protocols and their
nutrition risk. There needs to be further longitudinal research assessing change in dietary intake throughout
treatment. There is also a need for greater research on whether the dietary quality of patients can be
improved during cancer therapy with targeted interventions. Future research is also required to determine
whether specific dietary patterns improve survival both during and after treatment.
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Food-related symptoms experienced during treatment
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