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Purpose: Optimal nutritional support in childhood cancer relies on the adequate provision of energy. This study investigated
the impact of chemotherapy on resting energy expenditure (REE) during the first six months of treatment and the accuracy of
predictive equations in calculating said requirements of newly diagnosed children with cancer.
Methods: REE was measured at diagnosis utilising a validated bioelectrical impedance analysis (BIA) mobile unit and compared
with three predictive equations (Schofield 1985, World Health Organization [WHO] 1985 and the Recommended Dietary
Allowance [RDA] 1989). Agreement and accuracy of these equations were tested by determining bias and agreement rates
and displayed using the Bland–Altman plot. Baseline values were plotted against monthly follow-up measurements over
time. Statistical significance was 5% and a priori limits of agreement set between 90% and 110% of measured REE.
Results: Forty-three newly diagnosed children with median age 4 years (IQR 2.0–7.6) were measured prior to chemotherapy
initiation. Compared with measured REE (mean ± SD) 719.53 ± 206.29 kcal/day, all predictive equations significantly
overestimated REE: WHO 1985 (889.75 ± 323.31 kcal/day; 23% overestimation), Schofield 1985 (899.62 ± 336.10 kcal/day;
25% overestimation) and RDA (1647.67 ± 481.06 kcal/day; 129% overestimation) (p < 0.001). Despite significant
proportionate bias in all three equations (p < 0.001), the intra-class consistency coefficient showed good reliability for the
Schofield 1985 (0.864) and WHO 1985 (0.849) equations. Though statistically significant (chi-square = 23.11, p < 0.003), the
overall 1 kcal/kg (1.3%) increase for all cancer types at six months may not be clinically significant.
Conclusion: Existing predictive equations are unable to calculate REE accurately at childhood cancer diagnosis, highlighting
the need for future investigations into the development of cancer-specific equations.

Keywords paediatric nutrition, paediatric oncology, predictive equations, resting energy expenditure

Introduction
Energy imbalance is common in paediatric disease states,
leading to either malnutrition or excessive weight gain.1 The
adequate provision of energy and protein requirements in chil-
dren is therefore essential to sustain rapid growth and develop-
ment during the first phases of the life cycle.2,3 In the child with
cancer, both over- and underfeeding may have severely detri-
mental effects on health-related quality of life and survival,4

hence the most important focus of care is arguably the empha-
sis on the promotion of optimal nutritional support during
therapy.3,5 The accurate determination of energy requirements
as a basis for such nutritional interventions may facilitate a posi-
tive energy and nitrogen balance, aiding optimal growth and
development despite the presence of cancer, its treatment
and their related side effects.3,5–7

Metabolic changes in the cancer population may include vari-
ations in energy expenditure, with the widespread belief that
all cancer patients are hypermetabolic.8 For this reason indirect
calorimetry (IC) is regarded as the gold standard for determin-
ing resting energy expenditure (REE) by measuring oxygen
and carbon dioxide concentrations during respiratory gas
exchange and recommended for use in patient populations at
risk for hypo- or hypermetabolism such as children with
cancer.9,10 However, the practicality of implementing the test,
as well as the costs involved, limits its use in the paediatric
setting.6,11 In the absence of IC, a child’s total daily energy
requirements may be determined by adding estimated REE to

energy associated with physical activity, thermogenesis and
growth.7 Several practical predictive equations have conse-
quently been derived from healthy populations utilising vari-
ables including age, gender, weight and height for the
calculation of REE.8 Popular predictive equations, namely the
Schofield (weight, height),12 World Health Organization (WHO)
198513 and recommended dietary allowance (RDA) 1989,14 are
used regularly to calculate the energy requirements for both
healthy and sick patients. Speculation regarding the accuracy
of their predictive values has been on the forefront of research
enquiries in recent years, especially in light of the child with
chronic illness.9,11,15,16 However, scant information is available
regarding this topic in the child with cancer.6,7

This study investigated the impact of chemotherapy exposure
on the REE of children newly diagnosed with cancer during
the first six months of intensive chemotherapy and whether
predictive equations are able to accurately estimate such
requirements at diagnosis as a basis for nutritional
interventions.

Methods

Study design
Newly diagnosed participants presenting at the paediatric
oncology unit at Tygerberg Hospital, Cape Town for the
period April 2019–January 2020 were recruited after obtaining
written consent and assent from all caregivers and participants
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aged seven years and older. Those requiring exclusive radio-
therapy or surgical interventions were excluded. Enrolled par-
ticipants were followed up monthly from diagnosis for the
remainder of their individual intensive therapy regimens up to
a maximum of six months. This prospective, descriptive
cohort study was performed in line with the principles of the
Declaration of Helsinki and approved by the University of Stel-
lenbosch`s Health and Research Ethics Committee (S18/04/050).

Data collection
Demographic data (date of birth, age, sex), cancer diagnosis and
each participant`s respective chemotherapy regimens were col-
lected at diagnosis. Baseline anthropometrical status, body
composition and REE were measured within 72 hours of diagno-
sis prior to the initiation of chemotherapy, utilising standardised
protocols and the validated S10 InBody bio-electrical impe-
dance (BIA) mobile unit (InBody Co Ltd, Korea).17,18 During the
same reading to determine body composition, the BIA equip-
ment simultaneously determined REE (pre-programmed with
the Cunningham equation 1991).19 Measured REE was
expressed in kcal/day and compared with calculated energy
requirements from other age- and sex-based paediatric predic-
tive formulae at baseline only: Schofield 1985 (weight, height)12

equation, WHO 198513 equation and the recommended dietary
allowance (RDA) 1989 equations14 (Table 1). Predicted values
between 90% and 110% of measured values were considered
clinically acceptable.7,16 Patterns of change over time were
assessed by comparing monthly follow-up measurements
with baseline values.

Data analysis
REE at diagnosis, as well as changes and associations between
baseline and follow-up measurements, were identified utilising
both inferential and basic descriptive statistics. Baseline data
and trends in change over time were expressed in absolute
values (kcal/day) and reported according to median (interquar-
tile range [IQR]), mean ± standard deviation (SD) and percen-
tage change where appropriate. The Friedman rank test (non-
parametric) compared median variable values between diagno-
sis and the end of follow-up (month five) and per cancer group
(haematological malignancies and solid tumours). Bootstrap
multiple comparisons furthermore addressed the small
sample size and the non-normality of the data distribution
and compared interaction means from the RMANOVA

between months (each month) and cancer groups. Intra-class
correlations for agreement and consistency, as well as Bland–
Altman plots, were used to investigate the agreement and accu-
racy of predictive equations when compared with the measured
baseline REE.20,21 Statistical significance for the agreement
analysis was 5% and a priori levels of the clinically accepted
limits of agreement were set at 10%.7,16 Data were analysed
using the STATISTICA (version 13, TIBCO Software Inc.) data
analysis software system.

Results
Forty-three participants aged 3 months to 15 years (median age
4 years; IQR 2.0–7.6) with a variety of haematological malignan-
cies (53%) and solid tumours (47%) participated in the study
(Table 2). The male:female ratio was 1:09.

REE at diagnosis and the accuracy of predictive
equations
Measured REE for all cancer types at baseline included a
median of 650 kcal/day (IQR 579–804 kcal/day) and a mean ±
SD of 719.53 ± 206.29 kcal/day within a wide range of 476–
1387 kcal/day. As summarised in Table 3, a large difference was
seen when comparing measured REE with predicted values,
despite the strong correlation between them (p < 0.001). All
three equations overestimated REE with the WHO (23.6%)
faring the best and the RDA (129.0%) the worst. Although
intra-class agreement was moderate to poor for all equations,
the intra-class consistency coefficient showed good reliability
for the Schofield 1985 (0.864) and WHO 1985 (0.849) equations.

The Bland–Altman plots (Figures 1–3) depict the significant
differences and proportionate bias between measured REE
(mean ± SD), WHO 1985, Schofield 1985 and RDA 1989 (p <
0.001 respectively). The proportionate bias of the WHO 1985
equation (−170.2 ± 149.0 kcal/day) (Figure 1) was lower than
both the Schofield 1985 (−180.1 ± 145.7 kcal/day) (Figure 2)
and RDA (−928.1 ± 324.8 kcal/day) (Figure 3) equations.
Coupled with the large variance between measured and pre-
dicted REE all three equations exceeded the 90–110% limits of
minimal clinically accepted agreements, rendering these predic-
tive equations inaccurate for use in the clinical setting. Only
nine (Schofield 1985, WHO 1985) and three (RDA 1989) partici-
pants respectively fell within the 90–110% clinically accepted
limits of agreement.

Table 1: Calculations used to determine resting energy expenditure12–14,19

Equation Age (years) Male (kcal/day) Female (kcal/day)

Cunningham – 370 + 21.6(FFM) 370 + 21.6(FFM)

Schofield (weight, height) < 3 0.167(W) + 15.174(H)−617.6 16.525(W) + 10.232(H)−413.5

3–10 19.59(W) + 1.303(H) + 414.9 16.969(W) + 1.618(H) + 371.2

10–18 16.25(W) + 1.372(H) + 515.5 8.365(W) + 4.65(H) + 200.0

WHO < 3 60.9(W)−51 61(W)−51

3–10 22.7(W) + 495 22.5(W) + 499

10–18 17.5(W) + 651 12.2(W) + 746

Recommended dietary allowance 0.0–0.5 650 650

0.5–1.0 850 850

1–3 1 300 1300

4–6 1 800 1800

7–10 2 000 2000

11–14 2 500 2200

15–18 3 000 2200

kcal/day: kilocalories per day, FFM: fat free mass, W: weight, H: height, WHO: World Health Organization.
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Changes in REE over time
The study population experienced several changes in measured
REE over time (Table 4). A 20 kcal/day (3%) decrease in median
REE was seen during the first two months of treatment for all
cancer types, which increased during month three and five to
end with a significant increase of 16 kcal/day (2.5%) at month
five (chi-square= 23.11, p < 0.003). When converted to kcal/kg
in relation to the participant`s diagnosis weights, these trends
translate to a 1.3 kcal/kg (3.2%) decrease and 1 kcal/kg (2.4%)
increase respectively, which is not clinically significant during
the calculation of energy requirements. Patterns of change
varied among cancer diagnosis and the haematological malig-
nancy group, despite their 64 kcal/day (9.4%) lower baseline
REE, experienced a gradual monthly increase ending in a signifi-
cant overall 33 kcal/day (5.3%) increase by month five (chi-
square= 11.79, p = 0.038). In contrast, the solid tumours experi-
enced an initial decrease in median REE of 45 kcal/day (6.6%)
followed by a rapid 64 kcal/day (10%) increase during month
three to end in an excess of 15 kcal/day (2%) of baseline
values (chi-aquare= 14.23, p = 0.014). Despite the variation in
trends over time, bootstrap multiple comparisons confirmed

there was no significant monthly difference in measured REE
between cancer types (data not shown).

Discussion
Our findings illustrate the inability of commonly used predictive
equations to calculate REE at childhood cancer diagnosis. Though
an overall overestimation, significant bias and moderate to poor
agreement was present for all three equations; both the WHO
1985 and Schofield 1985 (weight, height) proved more reliable
for resting energy calculations than the RDA 1989 equation.
Changes in REE were observed after chemotherapy initiation
for all cancer types, which, albeit statistically significant, may be
deemed negligible during energy calculations. No significant
monthly difference was found between cancer types despite
the varied response to treatment over time.

The debate regarding the potential for increased resting meta-
bolic rate in children with cancer remains ongoing. Den
Broeder et al. showed that the Schofield (weight) equation
underestimated REE as measured by IC by 3–21% at

Table 2: General patient characteristics

Demographics Total study population Type of cancer

Haematological malignancies Solid tumour

Total number of participants (n, %) 43 (100) 23 (53) 20 (47)

Sex:

. Male (n, %) 22 (51) 12 (52) 10 (50)

. Female (n, %) 21 (49) 11 (48) 10 (50)

Age in years (mean ± SD) 5.4 ± 4.2 5.6 ± 4.3 5.2 ± 4.1

Age in years (median, Q1-Q3) 4 (2.0–7.6) 4.2 (2.0–8.8) 3.9 (2.0–7.1)

Cancer diagnosis (n, %):

. Acute lymphoblastic leukaemia 13 (30.2) 13 (56.5)

. Acute myeloid leukaemia 3 (7.0) 3 (13.0)

. Langerhans cell histiocytosis 2 (4.7) 2 (8.8)

. Lymphoma 5 (11.6) 5 (21.7)

. Ewing sarcoma 1 (2.3) 1 (5.0)

. Hepatoblastoma 2 (4.7) 2 (10.0)

. Medulloblastoma 1 (2.3) 1 (5.0)

. Nephroblastoma 5 (11.6) 5 (25.0)

. Neuroblastoma 1 (2.3) 1 (5.0)

. Osteosarcoma 3 (7.0) 3 (15.0)

. Retinoblastoma 2 (4.7) 2 (10.0)

. Rhabdoid sarcoma 1 (2.3) 1 (5.0)

. Rhabdomyosarcoma 3 (7.0) 3 (15.0)

. Yolk sac tumour 1 (2.3) 1 (5.0)

SD: standard deviation; Q1: 25th centile; Q3: 75th centile.

Table 3: Variance and agreement between measured and predicted REE values at diagnosis

Resting energy
expenditure (kcal/
day) Mean ± SD

% Variance
from measured

REE
Intra-class
correlation

Intra-class agreement
(95% CI)

Intra-class
consistency (95% CI)

p-
value

Measured REE 719.53 ± 206.29

Schofield 1985 899.62 ± 336.10 25.0 0.97 0.716 (0.006,0.901) 0.864 (0.762,0.924) < 0.001

WHO 1985 889.75 ± 323.31 23.6 0.95 0.71 (0.043,0.894) 0.849 (0.738,0.915) < 0.001

RDA 1989 1647.67 ± 481.06 129.0 0.91 0.149 (−0.050,0.458) 0.615 (0.389,0.771) < 0.001

kcal/day: kilocalories per day; SD: standard deviation; %: percentage; REE: resting energy expenditure; CI: confidence interval; WHO: World Health Organization; RDA:
recommended dietary allowances.
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diagnosis, proposing the addition of a factor of 1.0–1.2 during
the first two courses of chemotherapy to compensate for the
suggested increased energy demand from the tumour during
this time.7 In contrast, Galati et al. found no difference in REE
as measured by IC between their oncology patient groups
(solid tumour, non-solid tumour and all cancer types) and
their healthy age- and sex-matched controls. Their study
population was therefore not considered to be hyper-meta-
bolic and there was no need to adjust requirements for the
presence of cancer.6 Our results, however, concur with
those of Brinksma et al. by reiterating that the RDA severely
overestimated the REE in their mixed cancer population and
was not applicable to REE calculations due to their lower
activity levels and poor appetite.2 Although originally devel-
oped to include an activity factor of 1.7 for healthy, ambulant
children,14 it may be better suited for catch-up growth than
resting energy requirements.

Our findings furthermore demonstrate a mere 1–1.3 kcal/kg
fluctuation in REE over the six-month period, which may in
turn influence the accuracy of energy calculations based on
static predictive equations. When compared with existing
short methods for bedside calculations in healthy infants
(100–120 kcal/kg),22 these changes may appear small, especially
in younger children, and may be deemed negligible. Previous
studies also reported changes in REE, describing brief increases
in acute lymphoblastic leukaemia (with high-risk disease) for the
first 14–30 days, after which REE returned to baseline values.9,23

Similarly, Den Broeder et al. found that their solid tumour popu-
lation also demonstrated an initial increase in REE followed by a
prompt reduction after two to four courses of chemotherapy to
match those predicted by Schofield (weight).7 Because cancer
patients have lower levels of activity, an increased resting
energy metabolic rate might not necessarily equate to a
higher total energy expenditure and may indeed be negated

Figure 2: Agreement between measured basal metabolic rate and the WHO 1985 equation. BIA: bioelectrical impedance analysis; BMR: basal meta-
bolic rate; WHO: World Health Organization.

Figure 1: Agreement betweenmeasured basal metabolic rate and the Schofield 1985 equation. BIA: bioelectrical impedance analysis; BMR: basal meta-
bolic rate.
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with lower activity levels.7,24 Galati et al. did not report changes
in REE over time, but their results included randomly selected
patients of all cancer types regardless of the phase of treat-
ment.6 Their findings could be relevant to our current investi-
gation as they inadvertently demonstrated no change in REE
at any given time point after treatment was commenced.6

The illustrated deviations between measured REE and predicted
values among our study populations may result from the
various methodologies, technical differences in experimental
conditions and predictive equations used.6,7,11 Additionally,
the metabolic turnover of the child with cancer is influenced
by a host of factors such as age, sex, altered body compart-
ments, ethnicity, hormones, the environment (temperature)
and levels of physical activity.5,6,11,15 Of these factors, age, sex
and nutritional status at diagnosis may cause the greatest vari-
ation in measured REE.5,6,11 However, the proportionate bias
found in our study population showed that the equations con-
sistently misjudged measured REE at the same rate despite
large age gaps in our sample. Varied patterns of change in
REE may also be linked to cancer diagnosis, stage of cancer
and accompanying treatment regimen,7 yet no statistical differ-
ence was found among our cancer groups. Rather, our initial
decrease as exhibited by the solid tumours may be directly
linked to their increased risk for malnutrition and functional
losses as established by adult and paediatric findings.6,8 This
concurs with the deduction of Sanner et al. that the dynamic
development of energy requirements is related to changes in
anthropometric and body composition status.5

As REE, the largest component of total energy expenditure, is
mainly influenced by metabolically active organ tissues con-
tained within fat free mass (FFM),3,9,25 changes in REE reflect a
close association with changes in weight, body composition
and energy imbalance.26 This may affect the metabolic rate of
children with cancer, who are particularly vulnerable to FFM
depletion during the first three months of treatment.24 Similarly,
the degree of sarcopenia found in children with anorexia
nervosa and the extent of muscle loss in children with cerebral
palsy was also correlated with variations in REE and inaccurate
energy predictions as supplied by predictive equations.9

Anthropometric variables (weight, height) employed by com-
monly used equations do not reflect underlying body compo-
sition, thereby limiting their accuracy and predictability.9 For
this reason it is suggested that energy calculations instead be
based on lean size rather than weight, as relatively normal
weight may conceal underlying changes in body composition.1

The accurate measure of body composition and FFM is there-
fore crucial to detect metabolic changes in ill patients when
determining energy expenditure in resting conditions.27

Changes in REE are consequently best interpreted in conjunc-
tion with changes in body composition, whilst affording clini-
cians additional insights into the equally important timing of
nutritional interventions from as early as diagnosis. For this
purpose, a mobile device such as BIA is ideal as it is child-
friendly, cost-effective and yields rapid bedside results. The
InBodyS10 employs the Cunningham equation, which utilises
FFM to derive REE,19 limiting the generalisability of our result

Figure 3: Agreement between measured basal metabolic rate and the RDA 1989 equation. BIA: bioelectrical impedance analysis; BMR: basal metabolic
rate; RDA: recommended dietary allowance.

Table 4: Changes in median resting energy expenditure over time

REE (kcal/day) Monthly changes in REE (kcal/day) over time in median (Q1, Q3)

Diagnosis
n = 43

Month 1
n = 42

Month 2
n = 41

Month 3
n = 39

Month 4
n = 37

Month 5
n = 32

*Chi-square
(p-value)

All cancer types 650 (579, 804) 630 (572, 782) 632 (576, 800) 662 (608, 822) 637 (614, 839) 666 (620, 877) 23.11 (< 0.003)

Cancer group

Haemato-logical
malignancies

619 (574, 794) 627 (566, 782) 632 (584, 811) 648 (592, 822) 635 (608, 919) 652 (595, 941) 11.79 (0.038)

Solid tumours 683 (603, 804) 638 (594, 794) 632 (563, 800) 696 (618, 812) 696 (620, 838) 698 (642, 818) 14.23 (0.014)

*The chi-squares and p-values given in the last column result from the Friedman test, which compared the median REE from diagnosis with month five.
REE: resting energy expenditure; kcal/day: kilocalories per day; Q1: 25th centile; Q3: 75th centile.
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interpretation as we were unable to compare our findings with
IC. Despite such limitations, the use of BIA and the Cunningham
equation and their ability to incorporate patterns of change in
functional tissues may be preferred over weight-based for-
mulas.25 Energy intake should match a patient’s energy require-
ments24 to attain a positive energy balance to sustain growth
despite their chronic disease state.6 The use of IC remains
ideal, yet practical challenges with regard to its use in children,
coupled with poor access to such devices, leads to the contin-
ued use of predictive equations despite their reported inaccur-
acy.6,9 Some have endeavoured to formulate new population
and disease-specific equations,10,27 but there is no alternative
for paediatric cancer as yet. Limited by our small sample, this
study highlights the need for further investigations within a
larger sample size that allow for stratification of age, sex and
cancer type to find suitable equations for children with cancer.

However, in the absence of IC, such predictive formulae may be
used as a starting point from which to calculate requirements.15

In our sample the WHO and Schofield (weight, height) proved
more reliable for baseline REE calculations, with no need to
adjust for activity or cancer-specific stress factors. The RDA
could therefore rather be considered for the calculation of
catch-up growth requirements. Energy requirements may
then be titrated over time according to each child`s clinical pro-
gress in conjunction with monthly anthropometric and body
composition assessments from which to anticipate fluctuations
in resting energy needs.

Conclusion
A clear need exists for future investigations into the develop-
ment of paediatric cancer-specific energy equations, as
current existing predictive equations may not accurately calcu-
late REE at childhood cancer diagnosis.
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