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Metabolic effects of growth hormone treatment:
an early predictor of growth response?

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

Abstract
Fourteen children receiving one year of re-

combinant human growth hormone (rhGH)
treatment underwent measurement of serial
changes in body composition (measured by
skinfold thickness, bioelectrical impedance,
and H2180 dilution), resting energy expendi-
ture (REE, estimated by ventilated hood
indirect calorimetry), and total free living
daily energy expenditure (TEE, measured by
the doubly labelied water technique). Mean
height velocity increased from 4-9 to 8-6 cm/
year after six months of treatment. Fat free
mass (FFM) increased more during the first
six weeks (24-4 g/day) than from six to 26
weeks of treatment (6-8 g/day); fat mass

decreased by 7-2 g/day and 1.1 g/day respec-
tively. The six week increase in REE (kJ/day)
was maintained after six months of treatment,
though expressed per kilogram FFM (kJ/
kgFFM/day), returned to pretreatment values
by three months. Height velocity increases at
six months correlated with six week changes
in fat mass measured by skinfold thickness
and REE, though use of this relationship to
predict growth response in individuals is
limited by the wide 95% prediction intervals.
No significant changes in growth, body com-

position, or energy expenditure were

observed between six and 12 months of treat-
ment, in either patients who had initially
responded weli to treatment or those who
were poor initial responders to treatment and
who had their dose of rhGH doubled after six
months.
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The availability of recombinant human growth
hormone (rhGH) has dramatically increased its
use in the treatment of short stature, although it
is an expensive treatment requiring daily sub-
cutaneous injections. It is also difficult to
predict the clinical response to treatment early
in the course of treatment.`'- Height velocity
changes can, at best, be measured clinically only
after four to six months of treatment. Response
to treatment in growth hormone deficient child-
ren appears to depend partly on the pretreat-
ment variables of age, height, height velocity,
skinfold thickness, and growth hormone secre-

tion.8 In short normal children, greater increases
in height velocity were observed in those
receiving larger doses of growth hormone.9
Despite this, precise prediction of growth
response to treatment in individual children is
difficult; pretreatment and early increases in
insulin-like growth factor-l concentrations in

response to growth hormone have not been of
prognostic value,4 5 though increases in con-
centration of serum procollagen propeptide
after three months of treatment correlate with
height velocity changes after one year of treat-
ment (r=0-699, p<0 001). 0

Growth hormone has several metabolic
actions, including protein synthesis which is
necessary for growth. The early increase in
nitrogen balance with rhGH treatment does not
predict the subsequent growth response to
prolonged treatment.2 We have previously
investigated other measures of the metabolic
effect of rhGH and have described a significant
increase in fat free mass (FFM) and energy
expenditure in a heterogeneous group of patients
receiving six weeks of rhGH treatment. In those
children the increase in protein synthesis
required for the observed increase in FFM to
occur was estimated to account for only 7% of
the observed increase in resting energy expendi-
ture (REE). " Growth hormone treatment must
therefore cause increased energy expenditure in
other ways, some of which may be the resultant
processes necessary for growth. The existence
of such processes might explain the poor predic-
tive value of nitrogen retention in determining
the growth response to rhGH.
We hypothesised therefore that early changes

in REE and total free living energy expenditure
(TEE) in response to rhGH treatment (that may
be only partially indicative of the anabolic effect
of rhGH) may nevertheless predict the long
term effects of rhGH on growth. We therefore
carried out studies to investigate the changes in
body composition and energy expenditure during
one year of rhGH treatment. We also assessed
the value of the observed early changes in these
variables in predicting the long term growth
response to continuous rhGH treatment. We
report the findings here.

Subjects and methods
Ethical approval for the study was obtained
from the committee on medical ethics of
Tayside Health Board. Fifteen patients were
recruited from the children's endocrine clinic as
previously reported." This paper reports the
long term results from 14 of these patients
(eight boys and six girls, mean (range) age 9-9
(74-13-7) years, pretreatment height SD score
-2-2 (-4-6 to +11) and height velocity 4 9
(3-1-8-3) cm/year) as one patient with normal
variant short stature dropped out of the study
after six weeks. Nine patients had growth hor-
mone insufficiency (growth hormone <10 [ig/l
in response to a standard insulin stress test,12 of
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whom two had responses less than 3 5 ,Ig/l; fi
had a response to values greater than 10 FIg
three of these had normal variant short statui
Patients were treated with daily subcutaneo
injections of 2 IU of rhGH (Norditropin, No
Nordisk). This resulted in a mean (SE) dose
15-3 (0-8) U/m2/week or 0 58 (0 04) U/kg/wee

Tabk I Effects ofgrowth horwmne treatment on body composition and energy expenditu
Results are mean (SE)

Weeks of treatment

0 6 12 26

Weight (kg) 25-2(2-2) 26-1(2-3) 26-1(2-2) 26-9(2
FFM' (kg) 19-6(1-6) 20-7(1-6) 21-0(1-6) 220(1
FFM2 (kg) 19-5(1-4) 215 (16) 21-5(1-4) 23-0(1
FFM3 (kg) 19 3 (1[4) 20-7 (1-6) 20-8 (1-5) 21-7 (1
Fat mass (kg) 5 9(1[0) 5-4 (1-0) 53 (0-9) 5-2 (0
REE (MJ/day) 4-1(01) 45 (02) 4-4(0-1) 44(0
REE(kJ/kgFFM/day)3 215 (10) 226 (12) 219 (11) 213 (10
TEE (MJ/day) 6-8 (0-4) 7-3 (0-4) 6 8(0-3) 7-4(0

1=Determined by skinfold thicknesses; 2=determined by bioelectrical impedance; a
3=determined by H2150 dilution.
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Figure I Mean (SE) changes in body composition with six months ofrhGH treatment.
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Figure 2 Mean (SE) changes in energy expenditure with six months ofrhGH treatment.

ive After 26 weeks of treatment, the dose of rhGH
V1; was increased to 4 IU daily in patients who had
re. not doubled their pretreatment growth velocity,
'us though one patient in this group was removed
vo from the study after nine months because of
of unwillingness to continue treatment due to his
k. poor response.

Anthropometric, body composition, and
energy expenditure measurements were made

ire. before and 6, 12, 26, 39, and 52 weeks after
- starting rhGH treatment. In those patients

who doubled their dose ofrhGH after 26 weeks,
an extra measurement of body composition and

4) energy expenditure was made six weeks later.
i7) Anthropometric and body composition
*-6) measurements (by H2`80 dilution, bioelectrical
*-7)i-9) impedance, and skinfold thicknesses) were
);2) made as described previously." 13

-4) Both REE and TEE were measured. REE
- was estimated in a fasting state and in a
and thermoneutral environment by ventilated hood

indirect calorimetry. 14 REE was calculated from
measurements of oxygen consumption and
carbon dioxide production using Weir's equa-
tion. 15 TEE was measured by the doubly
labelled water method,'6 17 using the protocol
described previously," but with a minor modi-
fication to the calculation used to estimate
energy expenditure.'8 TEE calculated by this
method is a mean value for energy expenditure
over a two week period.

Before and after treatment results were
-n analysed statistically using a Wilcoxon rank test
30 for paired data and the Spearman rank order

correlation coefficient test. Significance was
assigned at the level of 5%; 95% confidence
intervals (CI) were calculated where appropriate.

Results
EFFECT OF SIX MONTHS OF RHGH TREATMENT
Mean (SE) height velocity increased to 8-3 (0-6)
cm/year after 12 weeks of rhGH treatment and
was 8-6 (0-6) cm/year after six months. Similar
changes in body composition were observed
using all three methods (table 1). Mean weight
and FFM having increased significantly
(p<0005 and p<0 001 respectively) after six
weeks of treatment, increased more slowly
thereafter (table 1 and fig 1). Fat mass having
decreased after six weeks of treatment showed
no further consistent response among individual
patients.
Mean whole body REE was unchanged after

the initial significant increase (p<0005) at six
weeks. When expressed per kg of FFM
(measured by isotope dilution), REE returned
to pretreatment values by 12 weeks (table 1 and
fig 2). TEE having increased markedly at six
weeks (p<0 05) showed much variability in
individual responses thereafter. Despite this,
the difference between mean REE and mean
TEE remained unaltered after the six months of

-I the study.
30 Height velocity before rhGH treatment was

correlated with the subsequent increase in
height velocity (r= -0-60, p<0 05) but not with
any of the changes in body composition or
energy expenditure during treatment. The
increase in height velocity after six months of
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Table 2 Correlations between changes in body composition
and energy expenditure at six weeks with changes in growth
velocity at six months

r P

REE (kJ/day) 0-82 <0 005
REE (kJ/kg FFM/day)* 0-77 <0 01
Total energy expenditure 0 56 <0 05
Fat mass (H2"8O dilution) -0 57 <0 05
Fat mass (skinfolds) -0 90 0 001
FFM (H21'0 dilution) 011 NS

*FFM measured by isotope dilution.

rhGH treatment correlated (table 2) with six
week changes in REE (expressed both as kJ/day
and kJ/kg FFM/day) and with six week changes
in TEE and fat mass measured both by skinfold
thicknesses (fig 3) and by isotope dilution.
There was no association between the dose of
rhGH (expressed either as U/kg/week or U/M2/
week) and six month height velocity (r=0-33,
p=0-23 and r=0-34, p=0-22 respectively) or

any of the changes in body composition or

energy expenditure. Increases in FFM observed
after six weeks did not correlate with six month
changes in height velocity (table 2). The relation-
ship between the six month increase in height
velocity (y) and six week change in fat mass
measured by skinfold thicknesses (x) is repre-
sented by the regression equation:

y= -2-934x+3-09 (fig 3).

The 95% CI for the slope of the regression line
is -4-432 to -1-428. A mean change in fat mass
of -0-26 kg during the first six weeks of rhGH
treatment would be associated with an increase
in height velocity of 3-85 cm/year (95% CI 2-83
to 4-87 cm/year) after six months of treatment.
However, the 95% prediction interval for height
velocity change in an individual with the same
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Figure 3 Relationship between changes infat mass (six
weeks) and height velocity (six months).

initial change in fat mass would be -011 to
7-81 cm/year.

EFFECT OF ONE YEAR OF RHGH TREATMENT
After six months ofrhGH treatment, six patients
who had doubled their pretreatment growth
velocity and one patient whose growth velocity
remained satisfactory at 10-2 cm/year (though
this did not represent a doubling of his growth
velocity in the immediate six months before
starting treatment) remained on 2 IU rhGH
daily (group 1). Seven patients increased their
rhGH dose to 4 IU daily because of a poor

response to treatment (group 2).

(A) Patients on 2 IU rhGH daily (group 1)
In this group, height velocity progressively
decreased between six and 12 months (fig 4).
A steady increase in FFM and fat mass was

observed (fig 4). The one year height velocity
increase against pretreatment values, correlated
with the six week increase in FFM (r=0-82,
p<0O05) and REE (r=0-88, p<005) though the
association with the six week changes in fat
mass and dose of rhGH corrected for body
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daily after six months

Figure 4 Mean (SE) auxological changes in each treatment
group.

Table 3 Comparison ofenergy expenditure between those cases who remained on 2 IU rhGH treatmentfor oneyear (group 1)
and those who increased to 4 IU after six months (group 2) because of an inadequate growth response. Results are mean (SE)

Length of treatment REE REE TEE
(kJlday) (kJlkg FFM/dav) (kJ/1day)
Group I Group 2 Group I Group 2 Group I Group 2

Pretreatment 3800(123) 4375 (210) 220 (8) 202 (18) 6450(414) 8029(980)
After treatment (weeks):

6 4474(267) 4662(184) 242 (8) 202 (19) 6956(558) 8274(877)
12 4278(156) 4522(173) 229 (9) 204(18) 6407(438) 7771 (711)
26 4254(200) 4662(229) 218 (8) 208(19) 7245(461) 7577(590)
32 - 4960(314) - 210(14) - 7786(526)
39 4333 (188) 4728(226) 217 (10) 201 (15) 7608(552) 8400(537)
52 4344(230) 5106(404) 209 (8) 206(14) 8083 (816) 8562(323)

207

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.68.2.205 on 1 F

ebruary 1993. D
ow

nloaded from
 

http://adc.bmj.com/


Gregory, Greene, Jung, Scrimgeour, Retmie

weight did not reach significance with such
small numbers (both r=-0-71, p=008). REE
per kg FFM remained at pretreatment values
and there was a steady increase in TEE
(table 3).

(B) Patients on 4 IU rhGH daily (group 2)
A minimal and transient increase in height
velocity was observed during the first three
months on the increased dose of rhGH (fig 4).
A transient increase in the daily incremental
increase of FFM similar to that seen in this
group during the first six months of treatment
was also observed (fig 4). Unlike the trend in
this group during the first six months, a
transient decrease in FM was observed on the
bigger dose of rhGH (fig 4). No clear trends in
energy expenditure were seen in this group
(table 3). As in the group of patients who
remained on 2 IU of rhGH, numbers of patients
for analysis are small. No statistically significant
correlations were demonstrated between the
increase in height velocity after six months of
rhGH (4 IU daily) and changes in body compo-
sition or energy expenditure after six weeks on
the increased dose, though changes in fat mass
alone nearly reached significance (r=0-77,
p=008).

Discussion
Growth hormone treatment is known to increase
nitrogen retention within 48 hours, an effect
which reaches a maximum within two weeks of
starting treatment. Thereafter, the extent of the
effect appears to become attenuated and to
return towards pretreatment values. 9 We have
observed, albeit over a longer period of time, a
similar attenuation of the effect of rhGH on the
serial changes in body composition and resting
energy expenditure per kg FFM. FFM
increased at a rate of 24-4 g/day during the first
six weeks of treatment but at only 6f8 g/day
thereafter. After an initial increase in REE per
kg FFM, values returned to pretreatment levels
by 12 weeks. This finding explains why some
investigators could not show a significant effect
of rhGH on the metabolic activity of the FFM
when no measurements were made until after
six months of treatment.20 The latter study
described the responses only of patients without
evidence of growth hormone deficiency. We
observed no significant differences in response
between patients with growth hormone
deficiency and those with normal pretreatment
responses to insulin stress testing. It was also
reported that REE per kg FFM correlated
negatively with pretreatment height,20 but in
the heterogeneous group of patients studied
here, we found no evidence for this.
The significant associations between the

changes in the variables measured after six
weeks and the growth response after six months
of treatment (table 2) suggest that, in our
heterogeneous group of patients, measurement
of substantial early changes in fat mass or
energy expenditure may be ofvalue in predicting
those patients likely to respond to rhGH treat-
ment in a wide variety of growth disorders. In

keeping with the findings of other studies,2' the
equations produced (fig 3) have wide 95%
prediction intervals, which limits their value in
predicting precise increases in individual height
velocities. The wide prediction intervals may
relate both to the small numbers of patients
studied and the imprecision in height velocity
measurements made over intervals as short as
six months.22 The lack of significant association
between the individual doses ofrhGH (corrected
for body size) and any of those six week changes
in body composition and energy expenditure
that were predictive of subsequent height velo-
city changes suggests that such relationships
may not be dependent on the dose given.
Indeed, the most significant association between
any change observed at six weeks and the dose
of rhGH was that with the increment in FFM
(r=-049, p=008). Remarkably, this was the
only change in body composition observed at six
weeks which was not correlated with longer
term changes in height velocity (table 2).
The significant correlation between the change

in REE after six weeks and the increment in
height velocity after six months of treatment
suggests that if the increase in REE is a measure
of the metabolic response to treatment, then
this is ultimately directly related to growth
response even when the latter can only be
measured after longer time periods. The less
statistically significant association with the six
week changes in TEE probably reflects the
confounding effect of physical activity which
contributes to this measure of energy expendi-
ture and which is unaffected by rhGH treatment
(as demonstrated by the constant difference
between mean TEE and REE after six months
of treatment).

It is of note that the correlation between six
week changes in fat mass and six month
increases in height velocity is greater when fat
mass derived from skinfold thickness rather
than isotope dilution is used. This is fortuitous
as the skinfold technique could be used
routinely in clinical practice; it may reflect the
fact that skinfold thickness changes not only
reflect decreases in body fat but may also fall if
underlying bone and muscle circumference
increases. In addition, body fat changes
measured by skinfold thicknesses may be more
accurately determined as they are less affected
by small increases in oedema than those measured
by isotope dilution. Furthermore, it is known
that site specific changes in adipose distribution
during growth hormone treatment are due in
part to growth hormone mediated changes in
the insulin responsiveness of adipose tissue,23
resulting in a redistribution of adipose tissue
from an abdominal (android) to a more gluteal
(gynoid) distribution. In the same study,23 it
was also reported that the adipose tissue sensiti-
vity to insulin mediated antilipolysis in vitro is
correlated to growth velocity. These findings
suggest that compared with whole body fat mass
measurement by isotope dilution, skinfold
thickness measurements may be a more sensitive
measure of the metabolic response to rhGH,
measuring both loss of fat mass to provide fuel
energy and also redistribution of fat as part of
the alteration of body composition.
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The finding that, six week increases in FFM
do not correlate with six month increases in
height velocity in the study group as a whole, is
in keeping with previous studies reporting the
lack of correlation between early estimates of
nitrogen retention and longer term growth.2 7
Though increments in FFM might be expected
to be a measure of the anabolic effect of rhGH,
the calorigenic effect of rhGH treatment is
greater than that produced by the presumed
increase in protein synthesis." We hypothesise
that other unknown effects of rhGH, for
example, factors affecting sodium pump activity
and cardiovascular energy expenditure may be
related to growth response.

In conclusion, we have demonstrated that the
effects of rhGH treatment on REE per kg FFM
and on the extent of changes in body composition
decreased after six weeks of treatment. Never-
theless, six week changes in fat mass, REE, and
TEE are significantly correlated with six month
increases in height velocity. In clinical practice,
the 95% prediction intervals of the equation
(fig 3) are wide and limit the precision of the
predicted increase in height velocity for indi-
vidual patients. The data suggest that further,
larger studies are indicated to assess the value of
measurements of the early changes in body
composition in the prediction of the long term
growth response to rhGH treatment.
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