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Changes in body composition and energy

expenditure after six weeks' growth hormone
treatment

J W Gregory, S A Greene, R T Jung, C M Scrimgeour, M J Rennie

Abstract
Changes in body composition and energy
expenditure were assessed in 15 children after
six weeks of human growth hormone (hGH)
treatment. Body composition measurements
were made by stable isotope labelied water
(H218O) dilution, bioelectrical impedance,
and skinfold thickness techniques. Energy
expenditure was assessed both by indirect
ventilated hood calorimetry (resting energy
expenditure) and the stable isotope doubly
labelled water (2H2180) technique (free liv-
ing daily total energy expenditure). Mean
increases in weight of 0-96 kg and fat free
mass of 1-37 kg and a mean decrease in fat
mass of 0.41 kg were observed. Significant
increases both in resting energy expenditure
and free living daily energy expenditure were

detected. Absolute changes in fat mass and
resting energy expenditure were correlated.
The data suggest (i) that the increase in the fat
free mass is the most significant early clinical
measure of hGH response and (ii) that hGH
increases the metabolic activity of the fat free
mass. Monitoring such changes may be pre-
dictive of the efficacy of hGH in promoting
growth.
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Although growth hormone has been available
for the treatment of children with short stature
for approximately 30 years,' information on the
association of the early metabolic effects of
treatment to possible subsequent changes in
body composition is limited. Metabolic studies
(mostly made in the first one to two weeks of
treatment) have shown that human growth hor-
mone (hGH) is anabolic, indicated by nitrogen
retention increasing within 24 hours2' and
reaching a maximum less than 14 days after
initiation of treatment.7 Also the triceps skin-
fold thickness, which is a measure of fat mass,
decreases six to 10 weeks after the start of treat-
ment. However, studies of other indices of body
composition have been made only after longer
periods of treatment (for example, total body
potassium estimated by 40K counting after
seven months),8 and little attempt has been
made to compare the extent of the possible
effects, early and late.

There is very little information, none recent,
on the energy expenditure changes associated
with treatment and the available information is
inconsistent.3 ' Most measurements of this sort
were of resting energy expenditure and we are

unaware of any attempts to measure free living
daily total energy expenditure. Total energy
expenditure may be affected by changes in well

being which influence overall activity patterns.
Furthermore, no attempts have been made to
relate changes in total or resting energy expend-
iture to those in body composition in children
treated with hGH. Accurate measurement of
total energy expenditure in children was pre-
viously impossible in the free living state until
the advent of the non-invasive doubly labelled
water (2H2'80) method using stable, non-
radioactive isotopes.'01' We hypothesised that
the early metabolic effects of hGH treatment
would result in increased energy expenditure,
which may be predictive of the subsequent
anthropometric effect of treatment. We have
therefore measured, before and after six weeks
hGH treatment, changes in body composition
using H2`'O dilution and compared the results
with values obtained from two techniques more
easily applicable routinely in the clinic, namely
measurement of bioelectrical impedance and
skinfold thickness. We have measured resting
energy expenditure using indirect ventilated
hood calorimetry and free living total energy
expenditure using the 2H2'8O method to deter-
mine the effects of hGH treatment on energy
expenditure and to see if such changes are
related to changes in body composition. The
results presented here are initial measurements
from an ongoing study to assess the long term
metabolic and energy expenditure effects of
hGH and to discover whether early changes may
be predictive of any long term growth promot-
ing effects.

Patients and methods
Ethical approval for the study was obtained
from the committee on medical ethics of
Tayside Health Board. Fifteen patients (nine
boys and six girls, table 1) participated, all of
whom were recruited from the children's endo-
crine clinic and were to undergo a one year
course of hGH treatment prescribed on clinical
grounds. Nine patients had growth hormone
insufficiency (concentration <10 ,ug/l (<20 mU/
1) in response to a standard insulin stress test'2
and six had growth hormone concentrations
> 10FIg/l (¢20 mU/l) of whom four had normal
variant short stature. The decision to treat case
3 (table 1) was based on a height velocity on the
10th centile for an 18 month period before
entering the study. Before treatment with hGH,
patients were admitted to the paediatric unit for
a morning, having previously fasted from mid-
night. Height was measured using a Harpenden
stadiometer and weight by a beam balance.
Skinfold measurements (Holtain skinfold
caliper) were made at the triceps, biceps, sub-
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Table I Pretreatment patient details

Case Sex Growth Age Height Height Weight Diagnosis
No home (years) SD velocity (kg)

concentratton scoref (cmlyear)t
(,sg/I)*

1 M 0-8 9-46 -1-03 3-73 27-40 Panhypopituitary
2 M 2-1 11-56 1-06 4-82 43 30 Craniopharyngioma
3 M 4-3 7-62 -3-12 8-24 15-65 IGHD
4 F 4-6 8-17 -2-09 3-43 19-00 Turner's syndrome
5 M 5 4 13-71 -0-92 8-27 38-30 After acute lymphoblastic leukaemia
6 M 5-9 7-84 -2-43 5-59 19-30 IGHD
7 F 6-8 11-85 -4-60 3-33 23-40 IGHD
8 F 70 765 -1-87 5-15 18-50 Turner's syndrome
9 F 8-9 10-29 -1-86 400 33-13 Turner's syndrome
10 F 11-8 1101 -2-60 3 75 26-90 NVSS
11 M 11-9 12-61 -2-79 6-31 26-60 Afteracutelymphoblasticleukaemia
12 F 23 5 7-39 -2-15 4-68 18-15 Turner's syndrome
13 M 24-4 9-44 -3-20 3-08 22-10 NVSS
14 M 34-0 14-26 -3-81 4-63 32-60 NVSS
15 M 36-2 9-79 -3-17 3-% 20-70 NVSS

Mean 12-7 10-18 -2-31 4-86 25 66
SE 3 0 0 59 0-35 0-42 2-09

*Growth hormone response before hGH treatment; 1 g/1=2 mU/1.
tHeight expressed as SD score for chronological age.3
tHeight velocity calculated over a six month period before treatment.
IGHD, isolated growth hormone deficiency; NVSS, normal variant short stature.

scapular, and suprailiac sites. 13 Separate regres-
sion equations were used for converting the sum
of the four skinfold thicknesses into body
density for prepubertal"4 and adolescent'3 chil-
dren. Percentage body fat was calculated'5 and
thence fat mass and fat free mass could be
derived for each child. Total body water was
estimated from H2180 dilution (measured in the
basal and five hour post dose urine specimens)
using the formula of Schoeller et al'6 and also by
bioelectrical impedence which has been vali-
dated for use in children'7 and specifically in
those with growth disorders. 8 Impedance mea-
surements were made using a Holtain body
composition analyser (Holtain Limited). The
technique is simple to perform and highly
acceptable to patients. Total body water (TBW)
was calculated from the regression equation:

TBW=0-79+0-55 (Ht2/Impedance)"8
Assumingfat freemass (FFM) iscomposedof73%
water by weight,'9 then FFM=TBW/0-73 and

Fat mass= total body weight-FFM.
The doubly labelled water method for estima-
tion of total energy expenditure has now been
used in several centres with good precision (2-
8%) in adults" 2121 and infants22 and is now
being applied to children.23 It is based on the
measurement of carbon dioxide production
from the difference between the elimination
rates of the deuterium (2H2) and 180 with which
the water is labelled. Because of the action of
carbonic anhydrase, both water and bicarbonate
pools are labelled with 180 and the disappearance
rate of 180 is determined by the production of
carbon dioxide and loss of water from the
body. 2H is lost only as water. The difference in
the disappearance rates of 180 and 2H is
proportional to the production of carbon
dioxide and assuming a respiratory quotient
(RQ) of 0-85,24 total energy expenditure can be
calculated using Weir's equation.25
At 0900 each patient took by mouth 0-3 g

H2180/kg estimated total body water (180 was
10-4 atom %, Isotec Inc) and 0-12 g 2H20/kg
estimated total body water (2H was 99-8 atom
%, Sigma Chemical Company). Urine speci-

mens for analysis were taken before and three,
four, and five hours after ingestion of the
isotope. For two weeks thereafter, the second
morning urine specimen was collected (usually
just before leaving for school). Isotope ratio
measurements for 180 and 2H were carried out
using a Finnigan MAT Delta D gas isotope ratio
mass spectrometer fitted with an automated
breath gas analysis system.26 180 enrichment
was measured after equilibration of 400 1d of
urine with 5% carbon dioxide in 20 ml
Vacutainers (Becton Dickinson) using the auto-
mated inlet system. 2H was measured as 2H2
after reduction of 8 t1 urine samples with zinc at
450'C.7 2H2 samples were manually introduced
into the mass spectrometer.

After isotopic enrichment of the urine was
measured, a rate constant for the disappearance
of each isotope was determined. The integration
method of Coward et al was employed to
calculate the carbon dioxide production rate.28

Before treatment

After 6 weeks' treatment p<O001
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Figure 2 Individual changes in fatfree mass by
dilution. Growth hormone concentration before tre,
-10 pgll (>20 mUll), broken line; <IOpgll (<2A
solid line.

Total energy expenditure calculated
method is thus a mean value for energy
ture over a two week period.

Resting energy expenditure was esti
a fasting state and thermoneutral env
by an indirect ventilated hood calo
built by the medical physics depar
Ninewells Hospital. Oxygen and carbo
concentrations were measured by para
(Taylor, Servomex) and infrared
Analytical Development Company Lt
ses respectively. Calorimeter operation

REE
kJ

p<0*005

Fat free mass
p<O-001

T1~

REE
kJ/kg
p<0c05

Table 2 Body composition before and after hGH treatment.
Results are mean (SE)

0 Weeks 6 Weeks p Value

Weight (kg) 25 66 (2109) 26-62 (2 23) <0 005
Sum of4 skinfolds (mm) 36-1(3-6) 32 6(3 5) <0 05
Fat free mass (kg)* 19-83 (1-44) 21-20(1-57) <0-001
Fat mass (kg)* 5-83 (0 90) 5 42 (0-91) NS

*By H2`80 dilution.

processing were carried out using a Commodore
64 microcomputer; resting energy expenditure
was calculated from Weir's equation.25

Patients were treated with subcutaneous
_- injections of recombinant hGH (Norditropin,

Novo Norkdisk) at a dose of 2 U daily. This
*U resulted in a mean (SE) dose of 15- 1 (0 8) U/M2!

week or 0 57 (0 04) U/kg/week. Before and after
treatment results were statistically analysed
using a rank Wilcoxon test for paired data and
the Spearman rank order correlation coefficient
test. Significance was assigned at the level
of 5%.

6 weeks

H2'80 Results
atment: BODY COMPOSITION (figs 1 and 2, table 2)
OmUll), Pretreatment values of fat free mass in indi-

vidual patients by each of the three techniques
were highly correlated (H218O dilution com-

by this pared with skinfolds, r=0-98, p<0 0005 and
expendi- H2180 dilution compared with impedance, r=

imated in 0-95, p<0 0005) and all three methods gave
ironmentm similar values of the changes of fat free mass (fig
ilronmen9 1). Therefore only body composition informa-
rimeter2 tion obtained from H2180 dilution is shown in
tment of
in dioxide
magnetic Table 3 Energy expenditure before and after hGH
rRc:QU) treatment. Results are mean (SE)

td) analy-
and data

TEE
kJ

p<eO05T

0 Weeks 6 Weeks p Value

Respiratory quotient 0-79(0 02) 0-80(0-01) NS
Resting energy expenditure

(kJ/day) 4088 (142) 4568 (158) <0 005
Resting energy expenditure

(kJ/kg fat free mass/day) 211 (10) 222 (11) <0 05
Total energy expenditure

(kJ/kg/day) 7171 (577) 7677(609) <0 05
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Figure 4 Individual changes in resting energy expenditure.
Growth hormone concentration before treatment: ,10p,gll
(¢20 mUll), broken line; <10 pgll (<20 mUll), solid line.
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Figure 3 Effect ofsix weeks' treatment with hGH. REE, resting energy expenditure;
TEE, total energy expenditure.
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fig 2 and table 2. Twelve of the 15 patients
gained weight over the six week period. All 15
patients increased their fat free mass (fig 2).

ENERGY EXPENDITURE (figs 3 and 4, table 3)
Because of the difficulty in persuading one 7
year old patient to lie still, reliable results of
resting energy expenditure changes are available
in only 14 of 15 patients. There was a significant
mean increase of 12-1% (p<0005) in resting
energy expenditure in individual subjects over
six weeks with only one patient (case 5) demon-
strating a decrease over that time (fig 4).
However, when resting energy expenditure was
expressed/kg fat free mass, four patients (cases
2, 4, 5, and 11) showed a mean decrease of
2-8%, though the overall mean individual
increase in resting energy expenditure/kg fat
free mass of 7-9% was still significant (p<005).
Measurement of total energy expenditure also
showed a significant mean individual increase of
7-3% (p<005) over six weeks, although in
three patients (cases 3, 5, and 13) the values did
decrease. The mean changes in response to
treatment are summarised in table 3 and fig 3.

Pretreatment resting and total energy
expenditure correlated significantly with weight
(r=0-78, p<0005 and r=0-68, p<0 05 respec-
tively) and with fat free mass (r=0-87, p<0O005
and r=0-62, p<005 respectively). Pretreat-
ment resting and total energy expenditure were
correlated (r=0-54, p=005). After six weeks of
treatment with hGH there was an inverse corre-
lation between absolute changes in fat mass and
resting energy expenditure (r= -0-53, p=005).
Absolute increases in resting and total energy
expenditure over the six week period were posi-
tively correlated (r=0-78, p<001). However,
none of these observed changes in energy
expenditure was correlated with the differing
doses of hGH (expressed either as U/kg/week or
U/m2/week) received by these patients.

Discussion
After six weeks of hGH treatment we observed
significant increases in fat free mass that have
not, so far as we know, been previously detected
in children after such a short period of treat-
ment. Unlike the results obtained by previous
work in adults,30 however, we have also
observed a significant increase in weight, well
above that anticipated over a six week period in
a growing child. The study in adults has shown
an early increase in fluid retention in response
to hGH that might be the explanation for the
observed significant increase in total body water
and derived values of fat free mass measured in
our study. A similar increase in fat free mass
was detected by decreasing skinfold measure-
ments, however, which might be considered an
unlikely response to substantial production of
oedema fluid. Therefore the increment in fat
free mass indicated both by isotope dilution and
impedance was probably genuine and not
affected by oedema. Despite significant
decreases in skinfold thicknesses, the mean
decrease in fat mass was not significant and as
net changes in weight were positive, it appears

that the most sensitive measure of changes in
body composition resulting from hGH treat-
ment is that of an increase in fat free mass. This
change in fat free mass can be easily monitored
in the clinical situation by either skinfold thick-
ness measurements taken by a single observer,
or, if this is clinically inconvenient and different
observers have to be involved, by the technique
of bioelectrical impedence, which has a lower
interobserver coefficient of variation.'8

Unlike those of previous studies in
children,3 9 our results show a significant
increase in both whole body resting energy
expenditure and resting energy expenditure/kg
fat free mass and also in whole body total energy
expenditure. The percentage change is dimi-
nished when expressed as kJ/kg fat free mass
reflecting the concurrent increase in absolute fat
free mass. This increase in resting energy
expenditure may be related to an increase in
metabolic activity of lean tissue due to increased
protein turnover. However, the increase in rest-
ing energy expenditure is significantly associ-
ated only with changes in fat mass and not fat
free mass, perhaps suggesting that the stored fat
is the energy source for subsequent metabolic
activity of fat free mass. The increase in resting
energy expenditure is not as great as that seen in
a recently published study on adults,30 probably
reflecting the fact that some of our subjects were
not as severely deficient in growth hormone and
that measurements in the adult study were
made after only four weeks of treatment. If the
greatest metabolic effect of treatment (for ex-
ample, nitrogen retention) occurs within two
weeks of starting treatment and decreases there-
after, the measurable energy cost of such
changes may be decreasing between four and six
weeks.

If it is assumed that fat free mass contains
20-6% protein3' and, as in children recovering
from malnutrition and growing very rapidly,
1-4 g protein is synthesised/gram retained,32
then the minimum energy cost of the protein
deposited in the increased fat free mass can be
calculated from 3 75 kJ/g protein deposited.
This assumes four molecules ATP plus one
molecule guanosine triphosphate are expended/
mole peptide bond synthesised.33 From these
assumptions, the minimum energy cost of total
protein synthesised for the mean increment of
1367 g in fat free mass (that is, net deposition of
protein) measured over the initial six weeks of
treatment (assuming an insignificant increase in
fat free mass during the two week urine isotope
collection before starting hGH) was 35 kJ/day.
Thus only 7% of the observed mean increase in
resting energy expenditure of 481 kJ/day can be
accounted for by such mechanisms. As protein
turnover (for which additional costs of protein
breakdown, RNA turnover, and amino acid
transport are small) and associated processes
normally account for roughly 20% of resting
energy expenditure,33 much of the observed
increase in resting energy expenditure must be
related either to non-protein metabolic effects of
hGH treatment or to a much greater than nor-
mal increase in protein synthesis/g protein
deposited. This remains to be studied.

This study is, as far as we are aware, the first
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in which simultaneous measurements of resting
energy expenditure and total energy expendi-
ture have been made in children. It is of interest
that the ratio of total energy expenditure to rest-
ing energy expenditure is 1-75:1, which is grea-
ter than the ratio of approximately 1 5:1 for
adults.34 This suggests that in children, a grea-
ter proportion of total energy expenditure is
accounted for by activity than in adults. This
and also the daily variability in behaviour likely
to be exhibited by children is likely to be the
explanation for the less significant increase in
total energy expenditure than resting energy
expenditure, though both increases were still
correlated with each other and of a similar abso-
lute magnitude. It appears that the increase in
total energy expenditure is a reflection of the
increase in the resting energy expenditure com-
ponent of total energy expenditure and suggests
that in children, hGH has no discernable effect
on activity levels.

In conclusion, we have demonstrated that, in
children undergoing hGH treatment, including
those with normal variant short stature, clini-
cally significant increases in fat free mass and
body weight are detectable within six weeks of
treatment. These changes are associated with
increases in resting and total energy expendi-
ture. Further studies are in progress to assess
whether or not the extent of the observed
changes are predictive of long term growth
response to hGH treatment.
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