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Abstract
Background Meeting energy requirements of children with
chronic kidney disease (CKD) is paramount to optimising
growth and clinical outcome, but little information on this sub-
ject has been published. In this study, we examined basal met-
abolic rate (BMR; a component of energy expenditure) with the
aim to determine whether it is related to kidney function inde-
pendently of weight, height and lean body mass (LBM).
Methods Twenty children with CKD and 20 healthy age- and
gender-matched control children were studied on one occa-
sion. BMR was measured by indirect open circuit calorimetry
and predicted by the Schofield equation. Estimated glomerular
filtration rate (eGFR) was related to BMR and adjusted for
weight, height, age and LBMmeasured by skinfold thickness.
Results The adjusted BMR of children with CKD did not
differ significantly from that of healthy subjects (1296 ± 318
vs.1325 ± 178 kcal/day; p=0.720). Percentage of predicted
BMR also did not differ between the two groups (102 ±
12 % vs. 99 ± 14 %; p=0.570). Within the CKD group, eGFR
(mean 33.7 ± 20.5 mL/min/m2) was significantly related to

BMR (β 0.3, r=0.517, p=0.019) independently of nutritional
status and LBM.
Conclusions It seems reasonable to use estimated average re-
quirement as the basis of energy prescriptions for children
with CKD (mean CKD stage 3 disease). However, those
who were sicker had significantly lower metabolic rates.

Keywords Basal metabolic rate . Children . Chronic kidney
disease . Lean bodymass . Glomerular filtration rate . Energy
requirements

Introduction

Nutritional care is an integral part of the management of in-
fants, children and adolescents with chronic kidney disease
(CKD). The purpose of dietetic support is to help manage
phosphate, protein, electrolyte and fluid intake while also en-
suring that the nutritional needs of children with CKD are met
to optimise growth and reduce clinical complications. The
initial point of departure in any dietetic plan is to ensure that
the energy needs of the child are met before consideration is
given to the adequacy ofmicronutrients and protein. However,
the evidence base to inform likely energy requirements is in-
secure, leading to uncertainty when developing and prescrib-
ing dietary plans for a child, deciding when to use energy
supplements and selecting pragmatic approaches based on
clinical experience.

One commonly used approach is to use the dietary refer-
ence values—in particular, the estimated average requirement
(EAR) by height age [1, 2]. However, the EAR was intended
to meet the energy needs of 50 % of a healthy population, and
not an individual’s needs in chronic disease [3, 4, 2, 5]. There-
fore, a deeper appreciation of the factors that have been used
to determine the EAR is required, including how these factors
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might alter with differences in disease pathology and treat-
ment. Firstly, in CKD the use of energy in the basal state—
captured as resting energy expenditure (REE)—may be in-
creased in response to inflammation, infection or hyperpara-
thyroidism [6–12] or decreased as part of a reductive adaption
to undernourishment. Only three full-text studies have been
published on metabolic rate and children with CKD, with the
evidence suggesting that metabolic rate in children with CKD
is reduced compared to that in healthy controls when
expressed in absolute terms [13, 14], but unchanged when
expressed per kilogram body weight or lean tissue [13] or
when expressed against predictive values [15]. The discrepan-
cy in the findings probably relates to methodological differ-
ences (no control group [15]), significantly shorter and lighter
CKD children (a factor which was not adjusted for in the
statistical analysis [13]), different ages, stages of disease and
treatment modes (with no statistical adjustment for fat-free
mass [14]) and different approaches to expressing the results
[kcal/cm, kcal/kg, kcal/lean body mass (LBM)/day, kcal/day].
Furthermore, the relationship between REE and the severity of
disease, as marked by decline in kidney function, was not
explored in any of these studies to determine whether those
with more advanced kidney disease had the greatest increase
in metabolic demands. In addition, little attention has been
directed towards determining the more variable component
of energy needs associated with differences in the amount of
energy expended in physical activity at the time of study.

Therefore, there is a need to better understand the impact of
CKD on energy requirements in children in order to better
inform dietetic care. The aim of this study was to determine
basal metabolic rate (BMR) in children and to relate this to the
severity of disease, growth status (age, weight, height) and
body composition (lean body mass).

Methods

Study design

Twenty children with CKD and 20 healthy age- and sex-
matched controls were recruited into this cross-sectional
study. SamplePower2 (SPSS Inc., Chicago, IL) [16] was used
to determine that a sample size of 20 was sufficiently large to
establish a relationship with kidney function (r=0.55 with a
power calculation of 80 % and a significance of p<0.05).

Ethical approval

The Southampton & South West Hampshire local ethics com-
mittee and University Hospitals Southampton Research and
Development committee approved the project. All parents
signed the consent form prior to the inclusion of their children
in the study.

Inclusion and exclusion criteria

Children with CKD were included if they met the following
pre-specified inclusion criteria: uncomplicated CKD with a
glomerular filtration rate (GFR) of <60 ml/min/1.73 m2 (stage
3–5 CKD); age between 6 and 17 years, under conservative
management (diet and medication) or dialysis (peritoneal di-
alysis, haemodialysis) for 3 months after diagnosis. Children
with CKD were excluded if they had suffered recent signifi-
cant infection in the previous 3 months.

The age- and sex-matched control children had no known
underlying medical condition.

Subject selection and recruitment

The medical team and research dietitian recruited children
with CKD under the care of the regional paediatric nephrology
unit, University Hospital Southampton NHS Foundation
Trust. Local advertisements in the hospital were used to recruit
healthy controls.

Data collection and calculations

Children attended the Wellcome Trust Clinical Research Fa-
cility (WTCRF) at the University Hospital Southampton NHS
Foundation Trust, where measurements of growth, body com-
position and energy expenditure were undertaken. Children
with CKD also had blood tests (to determine kidney function)
taken during their routine clinical visit, which was scheduled
to coincide with the start of the study.

Weight and height were measured at the start of the study
with an empty bladder, to the nearest 0.1 kg using Seca [17]
floor scales and to the nearest 0.1 cm using a Leicester
stadiometer, respectively [17] . Dry weight was estimated by
clinical examination by the paediatric nephrologist and includ-
ed an assessment of jugular ventricular pressure, blood pres-
sure and the amount and distribution of oedema, as well as the
response of blood pressure and oedema to fluid removal dur-
ing dialysis. Three of the four children with oedema were on
dialysis. In the only child receiving peritoneal dialysis all as-
sessments and measurements, including weight, were taken
post drain removal when the peritoneum was considered to
be empty. Weight and height were converted to z scores (stan-
dard deviation scores; SDS) using the LMS software pro-
gramme [18]. BMI-SDS for height age was calculated using
the Manchester Children’s online package [19]. LBM was
estimated by skinfold thickness measurements at four sites,
measured using Harpenden callipers [20], and the equation
of Lohman et al. [21], which despite its limitations was chosen
here due to its clinical utility and accessibility.

BMR was measured by indirect open circuit calorimetry
(Deltatrac II; Datex-Ohmeda [22]) following a 12-h fast and
abstinence from strenuous physical activity, and after resting
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in the recumbent position for 30 min. Indirect calorimetry
estimates the heat generated in the body from food or fuel
oxidation by measuring oxygen (O2) consumption (difference
between inspired and expired O2) and carbon dioxide (CO2)
production (difference between expired and inspired CO2)
under controlled conditions. The amount of energy expended
(heat) per litre of oxygen used varies according to the type of
nutrient (fuel) consumed. By measuring the volume of O2

(VO2) and CO2 (VCO2) exchanged every minute for 30
min, energy expenditure estimations can be made [23, 24].
In the ventilated hood system one-directional air (indoor)
flows into an enclosed area (ventilated hood) and is adjusted
to keep CO2 levels under a set threshold. Air is then sampled
and analysed [24, 23] every minute for 30 min under standard
conditions [25, 26]. The equation of Elia and Livesey [27] was
used to calculate BMR [EE (kJ)=15.818 O2 + 5.176 CO2,
where O2 and CO2 are in litres] [27]. (Elia and Livesey [27]
also provide the information on VO2 and CO2 constants used
in this equation, which yields similar results to others). BMR
was also predicted by the Schofield equation [28] (SchBMR)
using age, gender, weight and height for direct comparison
with measured BMR, and although this and other equations
have not been validated for use in children with CKD, the
Schofield equation was being used in UK clinical practice at
the time of study. However, to improve its utility, estimated
dry weight and actual height were used.

Measured BMR (mBMR) was expressed in kilocalorie per
24 h and as a percentage of Schofield-predicted BMR
(SchBMR) [(BMR × 100)/SchBMR)].

Estimated GFR (eGFR) was calculated using the modified
Schwartz formula [29] based on height and serum creatinine
concentration.

Statistical analysis

The unpaired t test was used to test the difference between the
CKD group and the control group. Regression analysis was
used to assess the relationship between eGFR and BMR and
the effect of confounding variables within the CKD group. A
p value of <0.05 (2-tailed) was used to indicate significance.

All analysis was carried out using software by the Statisti-
cal Package for the Social Sciences [30] (SPSS, Chicago, IL;
ver. 20).

Results

Characteristics of the study populations

Twenty children with CKD and 20 age- and gender-matched
control children were studied. Fifty percent of the control chil-
dren were siblings of the children with CKD. Table 1 shows
the characteristics of the children with CKD, and Table 2

shows the anthropometric characteristics of both groups of
children. None of the children had circulating parathyroid
hormone concentrations that fell outside national
recommendations.

Age, weight, height, BMI

Compared with healthy controls, children with CKD were not
significantly different in age, but they were lighter (weight-SDS
−0.31 ± 1.17 vs. 0.66 ± 0.99; p=0.008) and their BMI was
significantly lower (BMI-SDS: −0.13 ± 1.06 vs. 0.65 ± 1.04;
p=0.023) for actual age, but not when the BMI-SDS was ad-
justed according to height age (0.89 ± 0.78 vs. 0.65 ± 1.04; p=
0.085) (Table 2). Children with CKD also had a non-significant
tendency to be shorter and have less LBM (Table 2).

Basal metabolic rate

Compared with healthy age- and gender-matched controls,
children with CKD tended to have slightly lower values for

Table 1 Characteristics of children with chronic kidney disease

Patient characteristics Number (%)

Number 20

Male 9 (45 %)

Diagnosisa

Nephronophthisis 1

FJHN 1

ADPKD 2

Drug toxicity 1

Renal artery stenosis 1

Nephrectomy secondary to Wilms’ tumor 1

Dysplasia 5

PUV 3

MPGN type 1 2

Hypertensive nephropathy 1

Cortical necrosis 1

FSGS 1

Duration of CKD (years, months) 6.2 ± 3.8

eGFR (mL/min/m2) 33.7 ± 20.5

eGFR <15 mL/min/m2 (stage 5) 4 (20 %)

Mean CKD stage 3

Dialysis 3 (15 %)

Peritoneal dialysis 1 (5 %)

Haemodialysis 2 (10 %)

Oedema 4 (20 %)

GFR, Estimated glomerular filtration rate; CKD, chronic kidney disease
a FJHN, Familiar juvenile hyperurcaemic nephropathy; ADPKD, autoso-
mal dominant polycystic kidney disease; PUV, posterior urethral values;
MPGN type 1, Membrano-profilerative glomerulonephritis type 1;
FSGS, focal segmental glomerulosclerosise
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BMR (1296 ± 318 vs. 1325 ± 178 kcal/day; p=0.720) and for
predicted BMR (1269 ± 247 vs. 1360 ± 261 kcal/day; p=
0.262), but the BMR value expressed as a percentage of pre-
dicted BMR was higher for children with CKD (102 ± 12 vs.
99 ± 14; p=0.570). However, none of these differences
reached statistical significance (linear regression adjusted for
covariates) (Table 3).

Severity of disease

Within the CKD group, and despite the small sample size, a
lower eGFR (ml/min/m2) was significantly related to a lower
BMR expressed as the percentage of predicted BMR (β=0.3,
r=0.517, p=0.019). This relationship remained independent
of nutritional status (using weight- and height-SDS: β=0.314,
r2=0.41, p=0.022) or LBM (using the equation of Lohman
et al. [21]: β=0.357, r2=0.414, p=0.014) when considered
either alone or in combination (multiple regression models)

(Fig. 1). The same significant effect was found for eGFR on
BMR expressed in kilocalories per day adjustment for age,
weight, height and sex [p=0.020 using weight (kg) and height
(m); p=0.040 using weight- and height-SDS), which
remained significant after further adjustment with LBM (kg)
(p=0.017, p=0.025, respectively), despite the small numbers.

Discussion

Comparison with healthy children

This is the first UK study to report measured BMR (kcal/day)
in children with CKD. It adds to the sparse literature available

Table 2 Anthropometry characteristics by group

Characteristic CKD group (n=20) Control group (n=20) pa

Age (years) 11.9 ± 3.4 11.8 ± 3.3 0.964

Weight (kg) 39.0 ± 13.9 46.3 ± 16.8 0.145

Height (m) 1.46 ± 0.19 1.5 ± 0.18 0.490

BMI (kg/m2) 18.0 ± 2.5 20.0 ± 4.1 0.061

Weight-SDS -0.31 ± 1.17 0.66 ± 0.99 0.008

Height-SDS -0.26 ± 1.21 0.35 ± 1.35 0.146

BMI-SDS -0.13 ± 1.06 0.65 ± 1.04 0.023

BMI htage-SDS 0.89 ± 0.78 0.65 ± 1.04 0.085

LBMb (kg) 36.3 ± 12.1 40.3 ± 12.0 0.340

Results are expressed as the mean ± standard deviation (SD)

BMI, Body mass index; SDS, standard deviation score/z score; htage,
height age
a p values refer to comparisons between the CKD and control group
b LBM, Lean body mass by skinfold thickness (4 sites: tricep, bicep,
subscapular and supriliac)

Table 3 Measured and predicted basal metabolic rate in children by group and gender

Characteristics CKD group (n=20) Control group (n=20) pa

Measured BMR (BMR) (kcal/day) 1296 ± 318 1325 ± 178 0.720

Schofield-predicted BMR (kcal/day)b 1269 ± 247 1360 ± 261 0.262

Measured BMR (%BMR of SchBMR)c 102 ± 12 99 ± 14 0.570

Results are expressed as the mean + SD

Based on estimated dry weight. Linear regression was used to adjust for covariates (age, gender, weight and height)

CKD groups consisted of 9 boys and 11 girls; control group consisted of 9 boys and 11 girls

CKD, Chronic kidney disease; BMR, basal metabolic rate
a p values refer to comparisons between the CKD and control group
b BMR as predicted by the Schofield equation (SchBMR) [28] using age, gender, weight and height
cMeasured BMR (mBMR) as a percentage of Schofield-predicted BMR [(BMR × 100)/SchBMR)]
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Fig. 1 Relationship between estimated glomerular filtration rate (eGFR)
and measured basal metabolic rate (BMR) [presented as % predicted
BMR=91 + (70× 0.308); r=0.517, p=0.019]. Dotted curved lines
95 % Confidence interval of the regression line. Based on estimated dry
weight
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from other countries and helps clarify some conflicting and
confusing information about energy expenditure in children
with CKD.

Three previous studies [14, 13, 15] involving REE measure-
ments in children with CKD differed in their reports on severity
of disease and growth deficit. Because the terms REE and BMR
are not necessarily synonymous, and REE measurement condi-
tions may differ, we have kept the terminology of the original
studies and state where differences are known or unclear.

The first study [14] found no significant difference in REE
between CKD children on haemodialysis and controls, al-
though the mean REE was 9 % lower in the CKD group
(1386 ± 262 vs. 1524 ± 170 kcal/day), compared to 2 % in
the present study. However, all of the children in the study of
Tounian et al. [14] had end-stage disease and were receiving
haemodialysis, compared to 15 % (3/20) in the present study.
The more severe disease in the study of Tounian et al. [14] was
associated with greater weight and height deficits relative to
their control group [mean 10 kg (21 %) and 13 cm (8 %)] than
in the present study [mean 7 kg (16 %) and 4 cm (3 %)]. When
the results of Tounian et al. were expressed in kilocalories per
kilogram fat-freemass (kcal/kg/fat-freemass, with fat-freemass
measured by anthropometry), the discrepancy became smaller.

The second study [13] found that the REE of the CKD
children was reduced by as much as 22 % compared to the
control group (1067 ± 191 vs. 1372 ± 290 kcal/day). However,
all of the children in this study again had end-stage renal
disease and were receiving haemodialysis, which was associ-
ated with the largest weight and height deficits compared to
the control group [mean 15 kg (33 %) and height 18 cm
(12 %)]. When adjustments were made for fat-free mass, the
differences in REE were no longer significant. Using graphi-
cal data presented in the paper we was estimated that the
discrepancy between the groups after adjustment for fat-free
mass (at a calculated mean value of 30 kg for the combined
groups) was reduced to 7 %.

The third study [15] found no significant difference in REE
(1147 ± 278 kcal/day) between CKD children and three pre-
dictive equations based on reference populations (Mayo: 1336
± 299 kcal/day; Passmore: 1116 ± 309 kcal/day; FAO/WHO/
UNU: 1125 ± kcal/day). The mean measurements of REE in
children with CKD were slightly higher than values estimated
by the Passmore equation (+2.8 %) and FAO/WHO/UNU
equation (+1.9 %), but lower than those by the Mayo equation
(–14 %). Unlike the other two studies this study lacked a
control group, which meant that no comparisons could be
made with a reference group of children under the same study
conditions. Although the eGFRwas >50 mL/min/m2, the chil-
dren had a greater weight (−0.85) and height (−1.16) deficit
than the children in the present study (−0.31 and −0.26, re-
spectively) for reasons that are unclear.

The above studies also differed in other respects, such as
the uncertainty of measurement conditions for energy

expenditure and its duration (which ranged from 20 min to
2 h). The study of Tounian et al. [14] was also confounded by
inclusion of the results on two adults. However, despite these
differences between studies, they seemed to be consistent in
three respects. First, children with CKD tended to be shorter
and lighter and have a lower mean metabolic rate than control
children, with highly significant differences reported in one
study [13]. Secondly, when adjustments were made for body
size (fat-free mass), the discrepancies were reduced, with no
significant differences between the groups in any of the stud-
ies, including the present study. Thirdly, no significant differ-
ence was found between children with CKD and hypothetical
children with the same weight, height and gender (using pre-
dictive equations). Finally, children with more severe CKD
had a lower metabolic rate. Looked at in this way, despite
differences in methodologies and study populations, the re-
sults of this study are consistent with those in the reviewed
literature. However, any significant differences may be
masked by the small sample sizes, stages of disease and
modes of treatment, ages, gender mix and the wide range of
eGFR.

Severity of disease

This is the first study to explore BMR in the context of kidney
function (eGFR) in children with CKD, although three studies
[31, 32, 6] in adults have explored this relationship.

One of these studies [31] reported an increase in REE,
measured in kilocalories per kilogram per day, with decreasing
creatinine clearance (r= −0.763, p< 0.001), another study [32]
found a decrease in REE (r=0.48, p=0.009), measured in
kilocalories per day, with decreasing eGFR, and the third
study [6] found no relationship between the two variables. In
one of the studies REE was measured in a sitting position a
few hours after a light breakfast [32]. This study only involved
patients with diabetes and CKD, while the two other studies
involved CKD patients without comorbid conditions. It is dif-
ficult to draw consistent conclusions from these studies, which
differed in population groups, methodology and indices of
REE.

The reasons for the progressively lower BMR in children
with more severe CKD assessed using eGFR in our study are
unclear. However, the kidney is known to account for 6 % of
REE [33] in healthy children. Since the majority of kidney
energy consumption occurs in the kidney tubules, which re-
absorb solutes from the glomerular filtrate, it is likely that, as
kidney function decreases, so does kidney EE. To our knowl-
edge, this has not been formally studied in children.

Inflammation [6–8, 34, 10], infection [11] and hyperpara-
thyroidism [12, 8] may also affect REE. However, measures to
assess inflammation and infection were not studied here, so
the effect of these factors on this group of children is un-
known. Furthermore, all children studied here had parathyroid
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hormones levels within national recommended limits at the
time of study, and none had significant infections within the
previous 3 months.

In conclusion, this is the first study to compare BMR
(kcal/day) of children with CKD and age- and sex-matched
controls across modes of treatment. Although those with CKD
(mean CKD stage 3) were not found to differ significantly
from healthy controls (before and after adjustment for age,
gender, weight and height), there was a tendency for children
with CKD to have lower values of measured BMR, which can
be explained by the tendency for children with CKD to be
lighter. This is also the first study to examine the relationship
between BMR and kidney function (eGFR) in children with
CKD. A significant relationship was found so children with a
lower eGFR had a lower BMR before and after adjustment for
weight, height and LBM.

These findings need careful consideration since BMR alone
does not necessarily reflect total energy requirements. Physical
activity needs to be taken into account as it is the most variable
component of total energy expenditure. In addition, increases
or decreases in energy need to be considered for malnourished,
growth-retarded children who need repletion, or obese individ-
uals who need to lose weight (or not gain it).

This study suggests that children with CKD (mean CKD
stage 3 disease) have a BMR comparable to healthy children,
but that it is significantly related to the severity of disease
measured by eGFR: those who were sicker had significantly
lower metabolic rates. It therefore seems reasonable to use
EAR as the basis of energy prescriptions for children with
CKD.
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