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Increased resting energy expenditure in childhood
asthma: does this contribute towards growth failure?

S R Zeitlin, S Bond, S Wootton, R K Gregson, M Radford

Abstract
In order to determine whether or not there
was a relationship between disorders ofgrowth
in children suffering from asthma and either
increased resting energy expenditure or in-
adequate energy intake, a group of 34 children
suffering from perennial symptoms were
studied. A control group matched with the
asthmatic children for sex and fat free mass
were similarly studied.
The children kept seven day records of

weighed food intake. Basal metabolic rate was
measured on one occasion in the fasted state
by means of indirect calorimetry using the
ventilated hood technique. The asthmatic
children kept a 28 day record ofpeak expiratory
flow rates, asthma symptoms, and medication
usage.
The asthmatic children expended signifi-

cantly more energy at rest than their matched
controls in absolute terms (14%). There was
no correlation between height or height SD
score and any parameter of energy balance.
The causes of these finding are as yet specula-
tive.
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The interaction of the disease process, drug
treatment, and energy expenditure and their
effect on growth in chronic disease states, such
as asthma, are poorly understood. While an
association between asthma and short stature is
well recognised,' 2 the factors that contribute
towards poor growth and the incidence of the
problem are less well documented.3'

Since Cohen et al first described growth
disorders in asthmatic children in 1940' attempts
to quantify and explain the problem have been
confounded by a number of obstacles. The
definition of asthma and hence its incidence has
changed considerably over the last 20 years.5
The term 'asthma' now encompasses a much
broader spectrum of disease.6 7
Growth is the end result of a number of

physiological pathways. Simplistically a reduc-
tion in the rate of growth is a consequence of an
imbalance between energy intake and energy
expenditure. Three factors must be considered:
dietary intake, abnormal excretory losses, and
the nature and magnitude ofmetabolic demands.
Such imbalances may be small and accrue over

prolonged periods of ill health or result from
repeated periods of acute exacerbations of
disease. Deficiencies of specific micronutrients
that may also limit growth once energy needs
are satisfied should not be overlooked.8 There
have been no studies in which both intake and

expenditure of energy have been determined in
children with asthma.
The purpose of this study was to examine the

extent to which poor growth in asthmatic
children could be attributed to poor energy
intake or an increased metabolic demand for
energy. Measurements of energy intake and
basal metabolic rate (BMR) were made for
children suffering from chronic perennial asthma
of comparable severity between acute exacerba-
tions of their asthma. Their results were
compared with those from normal healthy
children matched for sex and fat free mass.

Patients and methods
This study was conducted with the approval of
the Southampton and South West Hampshire
Health Authority ethical committee and
informed consent was obtained from the parents
of all of the children that took part.

Thirty four children (25 boys, nine girls) aged
6-8-12-7 years (mean 8-6 years) suffering from
chronic perennial asthma were recruited from
the paediatric outpatient clinic at Southampton
General Hospital. All of the children were
graded as Tanner score 1 for sexual maturity on
physical examination.9 Each of the asthmatic
children kept a diary in which they recorded
their use of medication and measurements of
peak flow for a period of 28 days. Peak
expiratory flow rate (PEFR) was determined as
the best of three attempts at peak flow measure-
ments on rising in the morning before adminis-
tration of inhaled bronchodilators and again
before retiring. From this the, number of days
when the PEFR was less 'than 75% of the
predicted value for that child and the days when
the diurnal variation exceeded 25% of the
predicted PEFR were calculated. Thirty four
healthy prepubertal children recruited from
local schools were matched with the study
children for sex and fat free mass. None of the
control group suffered from asthma. The control
subjects were aged 5-39-11-78 years (mean 8-67
years).
Weighed dietary intake was recorded for a

period of seven days in the standard manner
described by Marr,'0 using digital electronic
scales (Hanson). The children and their families
were instructed in the use of the scales and how
to record their food and drink consumption in a
notebook provided. The dietary record was
checked during a follow up interview with the
dietitian. These were then coded according to
the McCance and Widdowson food tables."
Using a computerised database (Microdiet),
analysis was carried out to determine the
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estimated metabolisable energy intake over the
seven day period. Energy intakes were expressed
in absolute units, corrected for differences in fat
free mass, and in relation to that recommended
by the Department of Health and Social
Security. 12

In this study, energy expenditure at rest or
BMR was defined as the minimum energy
expenditure for maintaining essential bodily
functions under standardised resting conditions,
12-18 hours postprandial. All measurements
were performed between 0730 and 1030, after
an overnight fast. BMR was determined by
indirect calorimetry using an open circuit venti-
lated hood system. Oxygen consumption and
respiratory exchange ratio were measured to
calculate BMR.'3 During the measurement the
subjects lay supine on a bed listening to music
or story tapes. Room temperature was main-
tained at 22-24°C. The measurements were
conducted for a minimum period of 30 minutes
after a stable energy expenditure was achieved.

All of the asthmatic children received inhaled
bronchodilator on the morning of the study via
the route and in the dose to which they were
accustomed. Those normally taking inhaled
steroids took their usual dose. None of the
children were taking oral theophylline. All of
the asthmatics were subjectively well on the day
of calorimetry.
BMR was expressed in kJ per 24 hours,

Table I PEFR and steroid
(n=34)

dose in asthmatic children

No steroids Steroids
(n=IO) (n=24)

PEFR <75% predicted value 15 (0-28) 2 (0-25)
(days/28 days)

Morning dip in PEFR >25% 0 (0-2) 0 (0-4)
of predicted value
(days/28 days)

Steroid dose (ttg/day - 400 (100-200)
beclomethasone dipropionate)

corrected for differences in fat free mass, and as
a percentage of that predicted on the basis of
age, gender, weight, and height. 14

Height was determined using a Holtain
stadiometer and the height SD score'5 and the
predicted height allowing for mean parental
height were determined.'6 Weight was deter-
mined by standing balance scales. Fat free mass
was determined from skinfold thickness (biceps,
triceps, subscapular, and suprailiac sites)
measured using Harpenden skinfold callipers
and used to determine body density, body fat,
and fat free mass.'7 18
The results were analysed using non-

parametric statistics. Values given are median
and ranges. Differences between the asthmatic
children and their matched controls were
analysed using the Wilcoxon matched pairs test.
Differences within the asthmatic group were
analysed with the Mann-Whitney test.

Results
Of the 34 asthmatic children who entered the
trial, 24 were taking regular inhaled beclo-
methasone dipropionate for at least three
months. The mean (SD) dose of steroid was

341-8 (322-0) ,ug/24 hours. Only one child was

receiving regular oral steroids (prednisolone 2-5
mg on alternate days). All of the children took
inhaled salbutamol. None of them was taking
oral theophylline.
There was no significant difference in the

number of days on which the children were

assessed as having appreciable reduction in
PEFR between the children on inhaled steroids
and those that were not (see table 1).
The anthropomorphic characteristics of the

asthmatics and the controls are shown in
table 2. There was no statistically significant
differences between the asthmatics and controls
in age, although the asthmatic children were
significantly shorter (p<0-05), were lighter

Table 2 Characteristics of asthmatic and control children; values are median (range)

Controls Total Asthmatics
(n=34) asthmatics

(n=34) No steroids Steroids
(n= 10) (n=24)

Age (years) 8-5 (5-4-11-8) 8-3 (6-7-12-7) 8-9 (6-8-10-8) 8-1 (6-7-12 7)
Weight (kg) 27 5 (20%5-39-0) 26-0 (17-5-38-4)"* 27-7 (22-0-36 4) 24-3 (17-5-38-4)
Height (cm) 132-0 (1100-147 7) 127-0 (110-0-153-0)Y 131-0 (123-0-153-0) 125 2 (110-8-140-7)t
Height SD score 0-38 (-1-52 to 2-13) -0-47 (-2 05 to 2-33) 0-26 (-0 10 to 1 04) -0-67 (-2-00 to 2 30)
% Body fat 17-0 (6 6-32-9) 12-7 (6-3-28 2)Y 13-6 (10-2-24-5) 10-7 (6 3-28-3)
Fat free mass (kg) 23-0 (17-3-31-7) 23-0 (17-4-31-0) 23-9 (19-1-31-0) 22-3 (17-4-28-2)

*p<005; **p<0 01, significantly different from controls; tp<005, significantly different from no steroids.

Table 3 Energy intake and BMR of asthmatic and control children, values are median (range)

Controls Total Asthmatics
(n=34) asthmatics

(n=34) No steroids Steroids
(n= 10) (n=24)

Engery intake:
MJ/day 7-41 (5-19-11-22) 8-28 (427-14-88) 8 25 (5-91-10-00) 8-29 (4-27-14-88)
kJ/kg fat

free mass/day 340 (224-415) 352 (188-541) 328 (253-523) 368 (188-541)
Intake:BMR ratio 1-62 (1-102-60) 1-60 (0 90-2 40) 1-60 (1 15-1 90) 1-60 (0-91-2-40)

BMR:
MJ/day 4-56 (3-48-6 07) 5-21 (3 50-6 36)' 5-26 (4-76-6-14) 4-86 (3 50-6 36)
kJ/kg fat

free mass/day 206 (130-266) 221 (186-279):" 218 (186-277) 225 (188-279)
%Predicted BMR 104 (65-126) 110 (70-127)*' 110 (100-130) 110 (70-130)

*p<O0O5, '*p<O-Ol, significantly different from controls.
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(p<0-01), and exhibited a lower percentage
body fat (p<0-01).
The mean BMR of the asthmatic group was

significantly greater than controls when
expressed in absolute units (14%, p<0-01),
relative to fat free mass (11%, p<0-01) or as a
percentage of the BMR predicted'4 from age,
sex, and weight (11%, p<0-01; see table 3).
Although there was a trend to higher energy

intakes both in absolute terms and per kg fat free
mass, this difference did not attain statistical
significance.
The mean (SD) energy intake expressed as a

ratio ofBMR was 1-65 (0-34) and 1-68 (0-37) for
the asthmatic and control groups respectively.
Further analysis revealed that these results were
not influenced by steroid usage.

Six of the asthmatic children were noted to
have eczema at the time of the study. These
children were found to be either less than the
25th centile for height or growing at a height
growth velocity of less than the 25th centile for
the year before entry into the study. None of the
control children had eczema or a history of the
disorder.

Discussion
Over the last 30 years many authors have
suggested a link between poor growth and
childhood asthma.'1- 19 20 Such a link is an
appealing concept as many of the chronic
diseases of childhood are associated with short
stature.2' In the asthmatic child however it is
not easy to postulate a mechanism for this
association. The use of steroids has not been
uniformly incriminated.22 23 There is no evi-
dence of chronic malabsorption in the majority
of children and the possibility of a fundamental
disorder of growth has not been substantiated.
A distinctive pattern of height growth has

however been described.4 20 Asthmatic children
appear to grow at a slightly slower rate initially.
They fail to experience the acceleration in
growth velocity at the same time as their non-
asthmatic peers and they have delayed bone
ages. Their adolescent growth spurt tends to be
delayed as does the onset of sexual maturation
but most children will eventually attain their
predicted adult height.
One study that explored the possibility of

dietary inadequacy in asthma failed to show a
reduced energy intake in short asthmatics and
energy supplementation failed to improve their
rate of growth.24 The role of energy loss in
allergic disease is as yet only partially under-
stood.

Increased energy expenditure may occur
during attacks of asthma when there is a
dramatic increase in the energy cost of breath-
ing.25 26 If medication such as inhaled steroids
reduced the frequency of exacerbations, it is
reasonable to postulate that this might have a
benefical effect on overall energy expenditure.
The superimposed effects of steroids on linear
growth makes this a rather difficult hypothesis
to test.

This study represents the first occasion in
which energy intakes and basal metabolic rates
have been determined in children with chronic

asthma. The results suggest that the asthmatic
children receiving conventional inhaled treat-
ment have a slightly greater metabolic demand
for energy at rest. The raised BMR may be
attributable to one or more of several factors.
The metabolic demand for energy may be
increased by the inflammatory response asso-
ciated with asthma.27 It is noteworthy that eight
of the smallest children had mild eczema. The
degree of eczema was unlikely to cause signifi-
cant protein or fluid loss but might represent a
further increase in inflammatory response with
a potential increase in metabolic rate. Little
information is as yet available about the effect of
skin disease on BMR. Food allergies and
consequent malabsorption in asthmatics does
not appear to be a clinically significant problem
in most children. Energy used in the work of
breathing may be increased.4 Finally, the medi-
cation used in an attempt to control the disease
may result in alterations in energy expenditure.
Vaisman and coworkers have shown that after a
single dose of salbutamol a variety of systemic
effects may be evident for periods of 3-4 hours.28
Energy expenditure at rest increased by 10%
over the first hour after salbutamol inhalation
and remained raised for up to 90 minutes. They
suggest that such drug related changes in energy
expenditure may be important in patients
receiving long term bronchodilator treatment.
This drug related effect would however account
for only a small proportion of the increase in
BMR observed in this study.
The increase in BMR in the asthma group

was associated with a comparable increase in
energy intake of approximately 11%, such that
the energy intake:BMR ratios were of the same
magnitude. This observation would add further
support to the view that the metabolic demand
for energy was increased in chronic asthma. It
was not possible to demonstrate a relationship
between elevated BMR, or low energy intake:
BMR ratios and the magnitude of a growth
deficit. A single estimate of growth and energy
balance using the approaches adopted in this
study would be unlikely to be sufficiently
sensitive to detect such a direct causal relation-
ship. Furthermore, any increases in BMR may
well be compensated for by reductions in the
energy expended in physical activity. Expansion
of this study to determine long term energy
expenditure would help to ellucidate the
relationship between expenditure and intake.
Recently refined techniques allowing deter-
mination of BMR during exercise might add
very useful information to the understanding of
energy utilisation during activity in asthmatic
children. Even if the energy cost of activity were
increased, a reduction in the amount of physical
activity through breathlessness or anxiety would
reduce the amount of energy expended in
physical activity.
The results of this study do suggest, however,

that the disease process and long term bron-
chodilator treatment may adversely affect energy
balance in patients with chronic lung disease
such as asthma. Further studies are required to
further explore the extent to which alterations
in energy expenditure may contribute towards
poor growth in children with asthma.
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