
Metabolic eVects of discontinuing growth
hormone treatment

F J Cowan, W D Evans, J W Gregory

Abstract
Aims—To evaluate the eVects of discon-
tinuing growth hormone (GH) treatment
on energy expenditure and body composi-
tion, which might help predict those most
likely to benefit from early reintroduction
of GH treatment in young adult life.
Methods—Body composition was calcu-
lated from skinfold thicknesses and dual
energy x ray absorptometry (DXA). Rest-
ing metabolic rate (RMR) and whole body
bone mineral content (BMC) were also
measured. Measurements were made be-
fore stopping treatment, at discontinua-
tion of GH treatment, and two weeks, six
months, and one year later in 11 adoles-
cents with growth hormone deficiency
(GHD) and five adolescents without GHD
who were treated with GH. Measurements
were compared with 10 healthy controls,
in whom measurements were repeated
one year later.
Results—During the nine months before
discontinuation of GH there were no
changes in body composition, RMR, or
BMC of patients with GHD, nor diVer-
ences when compared with controls. RMR
was reduced by 11.3 kJ/kg fat free mass
two weeks after stopping GH in GHD
patients and remained suppressed there-
after compared with controls. Percentage
body fat increased by 4.3%/year in patients
with GHD after discontinuing GH,
whereas no changes were noted in control
or non-GHD patients at one year. The
patients experiencing the greatest reduc-
tions in RMR/kg fat free mass at six
months showed the largest increases in
body fat at one year. No change in BMC
was noted in patients one year after
stopping treatment.
Conclusion—Important metabolic changes
occur early after discontinuing GH treat-
ment. In patients whose growth is com-
plete, these changes might be used to
predict those most likely to benefit from
continuation of GH treatment into adult
life.
(Arch Dis Child 1999;80:517–523)
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Growth hormone deficiency (GHD) in adults
is associated with increased adiposity,1 adverse
serum lipid profiles,2 and reduced exercise
capacity.3 Lethargy, low mood and social
isolation,4 reduced bone mineral density,5 and

excess mortality, partly the result of increased
cardiovascular deaths,6 have also been re-
ported. GH treatment is known to have an
anabolic eVect in both children and adults,
increasing nitrogen retention within days of
starting treatment.7 Increased nitrogen reten-
tion reflects increased protein synthesis and fat
free mass, which in turn are associated with
increased energy expenditure.8 As a conse-
quence of these early metabolic changes,
growth hormone (GH) treatment in adults
with severe GH deficiency (GHD) produces
improvements in exercise capacity,9 body
composition,10 11 and psychological well
being,12 and is now used in the treatment of
adults with severe GHD.

At present, it is unclear which individuals
diagnosed as having GHD in childhood would
benefit from continuing GH treatment into
adult life. Currently, GH treatment is discon-
tinued when patients have completed their
pubertal growth spurt. Forty per cent of
individuals diagnosed as having GHD in child-
hood no longer demonstrate GHD when
re-tested as young adults.13 Therefore, it is
likely that not all children treated with GH for
previously diagnosed GHD in childhood will
benefit from treatment in adult life. Important
early metabolic changes have been demon-
strated after the start of GH treatment in
children.8 These include an increase in resting
metabolic rate (RMR) and fat free mass and a
decrease in fat mass. These early metabolic
changes are correlated with longer term
changes in growth.14 We hypothesised that
reversal of these metabolic eVects would occur
on discontinuing GH treatment and that the
magnitude of these early metabolic changes
might be predictive of later changes in body
composition. These changes might therefore
be used to identify those individuals most likely
to suVer adverse eVects from discontinuation
of GH treatment in early adult life and
therefore those most likely to benefit from con-
tinuation of treatment.

Subjects and methods
SUBJECTS

Eleven adolescent patients (seven boys) who
discontinued GH treatment were studied. The
median age was 17.0 (range, 14.5 to 18.5)
years and 10 were postpubertal. GH secretory
status before treatment with GH had been
assessed in these patients by measuring their
response to insulin induced hypoglycaemia
(nine patients) and glucagon (two patients).
GHD was diagnosed when the maximum
serum GH concentration was < 20 mU/ml.
The median pretreatment maximum GH
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concentration was 6.2 (range, 0.2 to 16.9) mU/
ml. Seven individuals had isolated GHD and
four had multiple pituitary hormone deficien-
cies. GH deficiency was idiopathic in three
cases, associated with a craniopharyngioma in
one case, and in seven resulted from treatment
for malignancy (astrocytoma, acute lympho-
blastic leukaemia (two patients), non-
Hodgkin’s lymphoma, glioma, rhabdomyosar-
coma, and medulloblastoma). There were no
diVerences in the maximum GH concentra-
tions between the individuals with isolated
GHD and those with multiple pituitary hor-
mone deficiencies. The median length of GH
treatment was 7.5 (range, 1.7 to 11.8) years.

The eVects of discontinuing GH treatment
in patients with GHD were compared with
those obtained in two other groups of adoles-
cents: 10 healthy postpubertal controls (three
boys) recruited from a local school, median age
16.8 (range, 16.5 to 17.1) years and five
individuals (one male) who had been treated
with GH but who were did not have GHD,
median age 16.2 (range 14.4 to 17.4) years.
Three of these had Turner’s syndrome, one
Leri-Weill syndrome, and one normal variant
short stature (maximum serum GH concentra-
tion, 53.2 mU/ml during serial measurements
made every 20 minutes overnight). Patients
with Turner’s syndrome and Leri-Weill syn-
drome did not undergo pretreatment GH test-
ing but there were no clinical signs to suggest
GHD and a cause for their short stature was
evident. The median length of GH treatment
was 3.2 (range, 2.0 to 7.0) years. Four patients
were postpubertal. The three girls with Turn-
er’s syndrome all had ovarian failure and were
being treated with a combination of ethiny-
loestradiol and norethisterone (Loestrin 20).
These non-GHD patients were included to

assess the eVect of stopping GH per se, to
determine whether any metabolic changes seen
in the patients with GHD were indicative of
continuing endocrinopathy and not simply a
result of discontinuing GH treatment.

METHODS

In patients treated with GH, measurements of
RMR and body composition were made at a
median of 9.4 (range 4 to 20) months before
discontinuing GH, at discontinuation of GH,
and two weeks, six months, and one year later.
Similar measurements were made on two
occasions a year apart in the healthy controls.
Height was measured using a wall mounted
Harpenden stadiometer (Holtain Ltd, Cry-
mych, Dyfed, UK) and weight by a beam
balance (Avery Ltd, Birmingham, UK). Body
mass index was calculated from weight (kg)/
height (m)2. Measurements were expressed as
standard deviation scores (SDS) using the
1990 growth standards for British children.15 16

Puberty was assessed by the method of
Tanner.17

Resting metabolic rate
At each visit, RMR measurements were made
under standard conditions, early in the morn-
ing in the fasted state, with the subjects resting
supine in a thermoneutral environment. On
each occasion, the first 10 minutes of the RMR
measurements were discarded to ensure that
steady state resting values were obtained. Oxy-
gen consumption and carbon dioxide produc-
tion were measured by ventilated hood indirect
calorimetry (Deltatrac II MBM-200 metabolic
monitor; Datex, Helsinki, Finland) and RMR
was calculated using the equation of Weir.18

Because RMR is dependent on body size and
the proportion of metabolically active tissue,
RMR (kJ/day) has also been expressed adjusted
for body size (kJ/kg body weight/day) and for
fat free mass (kJ/kg fat free mass/day).

Body composition
Body composition was measured by skinfold
thickness and dual energy x ray absorptometry
(DXA). Skinfold thickness measurements were
made using a Holtain skinfold caliper at the
triceps, biceps, subscapular, and suprailiac

Table 1 Patient details

GHD group Non-GHD group Controls

Age (years) 17.0 (14.5 to 18.5) 16.2 (14.4 to 17.4) 16.8 (16.5 to 17.1)
Height SDS −1.2 (−2.7 to 0.7) −2.7 (−2.7 to −2.2)* 0.32 (−1.3 to 1.7)†
Weight SDS −0.7 (−2.0 to 3.7) −1.3 (−3.5 to 0.5) 0.44 (−1.1 to 1.4)‡
BMI SDS 0.1 (−2.1 to 3.3) −0.1 (−2.9 to 1.2) 0.53 (−1.2 to 1.9)

All values are median (range).
*p < 0.005, non-GHD (growth hormone deficient) group compared with GHD group.
†p < 0.005, controls compared with GHD and non-GHD groups.
‡p < 0.05, controls compared with non-GHD group.

Table 2 Resting metabolic rate (RMR) values

RMR (kJ)
Before stopping
treatment At discontinuation

Two weeks after stopping
treatment

Six months after stopping
treatment

One year after stopping
treatment

RMR/day
GHD group 6039 (1383) 6065 (1353) 5451 (1155)* 5345 (838)* 5507 (1339)
Non-GHD group 5174 (442) 5341 (364)¶ 4943 (201) 5257 (390) 5005 (517)
Controls 6332 (1036) 6928 (1346)§

RMR/kg/day
GHD group 106.8 (15.9) 105.2 (14.1) 95.9 (17.1)* 91.7 (17.9)* 90.4 (13.9)*
Non-GHD group 122.3 (17.5) 123.0 (7.4)‡ 114.1 (13.1) 114.7 (7.4)*† 110.9 (14.0)*†
Controls 98.4 (11.5) 105.7 (11.9)†

RMR/kgFFM/day
GHD group 140.1 (15.0) 136.9 (11.3) 125.6 (13.6)* 124.3 (15.8) * 125.1 (9.3)*
Non-GHD group 168.2 (21.7)† 168.1 (11.7)‡ 151.4 (9.7)† 160.2 (8.8)† 151.9 (19.6)†
Controls 140.4 (11.1) 150.8 (15.7)†

All values are mean (SD).
*p < 0.01 compared with values at discontinuation of (growth hormone) GH treatment.
†p < 0.005 compared with the GHD group.
‡p < 0.05 compared with the GHD group and controls.
§p < 0.05 compared with values at discontinuation and compared with the GH deficient (GHD) and non-GHD group at one year.
¶p < 0.05 compared with controls.
FFM, fat free mass.

518 Cowan, Evans, Gregory

 on M
ay 15, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.80.6.517 on 1 June 1999. D

ow
nloaded from

 

http://adc.bmj.com/


sites. Body density was calculated from the sum
of the skinfold measurements using the sex
specific equations of Durnin and Rahaman.19

The proportion of body weight accounted for
by fat was calculated using the equation of
Siri,20 from which the weight of fat free mass
and fat mass could be derived for each
individual.

DXA measurements of fat free mass, fat
mass, and percentage fat were performed using
a QDR 1000/W scanner (Hologic Inc,
Waltham, Massachusetts, USA).21 DXA meas-
urements of body composition in the healthy
control individuals were only made at the initial
assessment, although skinfold thickness and
RMR measurements were repeated one year
later.

Bone mineralisation
Whole body bone mineral content (BMC) and
bone area (BA) were measured by DXA scan-
ning using the QDR 1000/W scanner. Conven-
tionally, bone mineral data derived from DXA
have been presented as areal density, yet this
fails to account for changes in BMC that result
from changes in age and body size. Therefore,
predictive formulae were used for BMC that
provide a method for interpreting the
measured BMC, which is independent of these
variables.22 The measured BMC was expressed
as a percentage of the predicted value
(%BMC), which allows comparison of values
in subjects with a wide range of body size and
age.

Our study was approved by the South
Glamorgan and Newcastle local research ethics
committees and informed consent was ob-
tained from each patient.

STATISTICAL ANALYSIS

Group means were compared using independ-
ent t tests. Changes within subjects were com-
pared using paired t tests. The diVerent
diagnostic groups were compared using one
way analysis of variance (ANOVA). Where the
F ratio was significant (p < 0.05), Tukey’s post

hoc multiple comparison test was applied.
Agreement between the two methods of meas-
uring body composition was assessed by the
method described by Bland and Altman.23

Results
Patients with and without GHD and healthy
controls were of similar age (table 1). The
GHD and non-GHD patients were shorter and
lighter than the controls, with the non-GHD
patients being significantly shorter than those
with GHD (table 1). There were no differences
in body mass indices between the groups. The
non-GHD group had received GH for a
shorter median time than those with GHD but
the diVerence was not significant.

RESTING METABOLIC RATE

While on GH treatment there were no
significant diVerences between RMR values for
patients with GHD compared with the healthy
control subjects, whereas the non-GHD group
had a significantly higher RMR at discontinua-
tion of GH treatment. There were no signifi-
cant changes in RMR in the GHD group or the
non-GHD group during the year before
discontinuation of GH. Significant reductions
in RMR/kg fat free mass/day were seen two
weeks, six months, and one year after discon-
tinuation of GH treatment (11.3, 12.6, and
11.8 kJ/kg fat free mass/day, respectively;
p < 0.01) only in those with GHD. In the non-
GHD group, RMR/kg fat free mass/day
remained significantly higher than in the GHD
group on each occasion, and no significant
reduction was noted over the year of the study.
After one year, the healthy control subjects had
a significantly increased RMR when expressed
as kJ/day, but not when corrected for body size
and composition (table 2). RMR/kg fat free
mass/day was significantly lower in the patients
with GHD compared with controls and
non-GHD individuals one year after stopping
treatment. Although RMR/kg fat free mass/day
was higher in the non-GHD group while on
GH than in controls, there was no diVerence
between the two groups one year after discon-
tinuing GH (fig 1).

BODY COMPOSITION

Percentage fat values were consistently higher
when measured by skinfold thickness than by
DXA. There was a mean bias of 4.4% (limits of

Figure 1 Mean (SD) resting metabolic rate before discontinuing (Pre-dis) GH treatment,
at discontinuation (At dis) of treatment, and two weeks, six months, and one year after
stopping treatment. *p < 0.01 compared with values at discontinuation of GH treatment;
†p < 0.005 compared with GHD group; ‡p < 0.05 compared with GHD group and
controls.
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Figure 2 Agreement between skinfold thickness and DXA
measurements of percentage fat. The diVerence between
methods is the skinfold measurement minus the DXA
measurement of percentage fat.
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agreement, 11.5% to −2.7 %) when skinfold
thicknesses were compared with DXA meas-
urements (fig 2).

When measured by skinfold thicknesses,
patients with GHD had an increase in fat mass
and percentage body fat at six months (2.3 kg
and 3.0%, respectively; p < 0.05) and one year
(3.9 kg and 4.3%, respectively; p < 0.05) after
stopping GH (table 3; fig 3). DXA measure-
ments revealed even larger changes (6.4 kg and
5.9%, respectively, at six months and 6.5 kg
and 7.8%, respectively, at one year; all values
p < 0.05) in the patients with GHD (table 4).
Over the year, healthy control subjects also
demonstrated a small mean increase in fat mass
(1.8 kg) measured by skinfold thicknesses
(p < 0.05), although this change was not

significant when expressed as percentage body
fat. No significant changes in fat mass were
demonstrated in the non-GHD patients. Per-
centage body fat was increased in the non-
GHD group at six months, when measured by
skinfold thickness (4.1%; p < 0.05) but not
when measured by DXA, and at a year was no
longer significantly diVerent from the time
when GH was discontinued. No significant
changes in fat free mass were seen in the
healthy control group or either of the patient
groups.

There were significant associations between
changes in RMR/kg fat free mass/day and sub-
sequent changes in body composition in the
GHD group, with those individuals having the
largest reductions in RMR/kg fat free mass/day
at six months having the largest increases in fat
mass (fig 4) and percentage fat (fig 5) at a year
(p < 0.05). No such association was seen in the

Table 3 Skinfold measurements of body composition

Before stopping
treatment At discontinuation

Six months after stopping
treatment

One year after stopping
treatment

Fat free mass (kg)
GHD group 43.7 (12.2) 44.7 (12.5) 44.0 (11.8) 44.5 (12.9)
Non-GHD group 31.2 (2.3) 32.8 (1.9)† 32.9 (2.4) 33.1 (2.0)†
Controls 45.1 (6.5) 46.0 (7.5)

Fat mass (kg)
GHD group 14.6 (9.2) 14.9 (10.4) 17.2 (11.4)* 18.8 (13.2)*
Non-GHD group 11.4 (1.7) 10.8 (3.2)† 13.1 (2.3) 12.5 (4.3)†
Controls 17.8 (4.9) 19.6 (5.8) *

% Body fat
GHD group 23.8 (6.6) 23.7 (7.2) 26.7 (7.8)* 28.0 (8.0)*
Non-GHD 26.7 (1.9) 24.3 (5.1) 28.4 (2.4)* 26.8 (6.3)
Controls 28.0 (5.3) 29.6 (6.8)

All values are mean (SD).
*p < 0.05 compared with value at discontinuation of growth hormone (GH) treatment.
†p < 0.05 compared with controls.

Figure 3 Mean (SD) percentage fat by skinfold thickness
before discontinuing GH treatment (Pre-dis), at
discontinuation (At dis), and two weeks, six months, and
one year after stopping treatment. *p < 0.05, compared
with values at discontinuation of GH treatment; †p < 0.05
compared with controls at one year.
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Table 4 Dual energy x ray absorptometry measurements of body composition

Before stopping
treatment At discontinuation

Six months after stopping
treatment

One year after stopping
treatment

Fat free mass (kg)
GHD group 44.2 (14.1) 45.8 (13.7) 48.3 (12.6) 44.8 (15.0)
Non-GHD 32.0 (2.3) 33.0 (2.2)‡ 33.1 (2.2)† 33.4 (2.5)
Controls 48.0 (9.4)

Fat mass (kg)
GHD group 12.0 (7.3) 12.2 (8.5) 18.6 (13.2)* 18.7 (13.6)*
Non-GHD 9.7 (1.4) 9.2 (2.8) 11.5 (2.5) 11.2 (3.8)
Controls 13.3 (4.2)

% Fat
GHD group 19.9 (6.9) 20.0 (7.6) 25.9 (7.7)* 27.8 (8.8)*
Non-GHD group 23.2 (1.4) 21.5 (4.6) 25.6 (3.0) 24.7 (5.9)
Controls 21.9 (6.7)

All values are mean (SD).
*p < 0.05 compared with value at discontinuation of GH treatment.
†p < 0.05 compared with the GHD group.
‡p < 0.05 compared with controls.

Figure 4 Change in resting metabolic rate (RMR)/kg fat
free mass at six months after stopping treatment and
subsequent change in fat mass at one year in patients with
growth hormone deficiency.
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non-GHD group. The changes in RMR/kg fat
free mass and the subsequent changes in body
composition were similar whether the patients
with GHD had isolated GHD or multiple
pituitary hormone deficiencies.

There were no significant relations between
pretreatment GH concentrations on stimula-
tion testing and the metabolic changes that fol-
lowed discontinuation of GH treatment.

BONE MINERALISATION

There were no significant diVerences in
%BMC when the patients with GHD were
compared with the controls (mean (SD),
97.5% (3.9%) and 101.0% (5.8%), respec-
tively) at the time of stopping treatment. How-
ever, the non-GHD group had a lower %BMC
(mean (SD) 94.7% (3.4%)) than the controls
(p < 0.05). No significant changes in BMC
were noted over the year of the study in either
GHD group or the non-GHD group.

Discussion
Our study has shown that RMR is reduced two
weeks after stopping GH treatment at the end
of the pubertal growth spurt and remains sup-
pressed up to one year later in individuals pre-
viously identified as having childhood onset
GHD when compared with healthy controls.
An increase in fat mass and percentage body fat
are evident six months after stopping GH and
these body composition changes remain one
year after discontinuing treatment, although no
further significant increases occur between six
months and a year. This mirrors the eVects
seen after starting GH treatment in children,
when maximum changes in fat free mass
occurred in the first six weeks, with only small
increases thereafter.14 However, an initial in-
crease in RMR/kg fat free mass/day values in
newly treated patients after six weeks of GH
treatment had returned to pretreatment levels
by 12 weeks,14 whereas in our study, RMR
values remained suppressed one year after dis-
continuing treatment.

It is interesting to note that while on GH
treatment, non-GHD patients had a higher
RMR/kg fat free mass/day than the healthy
controls, but a year after discontinuing therapy,
values were similar. This might suggest that the
non-GHD patients experienced an abnormally
raised RMR while receiving GH treatment,
perhaps as a consequence of abnormally raised

serum GH concentrations. Whether this might
have potentially adverse eVects on future health
is unknown.

We have shown important early metabolic
changes on discontinuing GH treatment and
subsequent changes in body composition.
Changes in fat mass were only seen in the
patients with GHD. Although percentage fat
was increased in both GHD and non-GHD
groups, when measured by skinfold thickness
at six months, this was only sustained in the
patients with GHD at one year. The control
group also demonstrated an increase in fat
mass at one year, although this increase was not
as large as that seen in the GHD group, and no
change in percentage fat was noted. The
control group contained a higher proportion of
girls than the GHD and non-GHD patient
groups. We recruited the controls from a local
school and were limited by the smaller number
of boys who agreed to take part. It might be
expected that the healthy control girls would
experience larger increases in body fat during
adolescence than boys and thus the observed
diVerence between the patients and controls
over the year after GH treatment is of even
greater clinical importance. The changes in
body composition seen in patients with GHD
previously treated with GH cannot be attrib-
uted entirely to the metabolic sequelae of stop-
ping the GH treatment, but may partially
reflect the normal changes seen at the end of
puberty. Clearly, influences other than GH
aVect body composition in these individuals.
Our study did not attempt to assess changes in
physical activity or dietary intake, either of
which might aVect body composition. It is
interesting to note, however, that no significant
changes in body composition were seen in the
period of the study during which the patients
remained on GH treatment (median, 9.4
months). Four patients had multiple pituitary
hormone deficiencies and were on replacement
treatment with other hormones (such as
thyroxine, sex steroids, or hydrocortisone),
which might have implications for body
composition. The serum concentrations of
these hormones were monitored before and
during our study and remained within the rele-
vant therapeutic ranges, suggesting that these
concurrent treatments were unlikely to have
influenced the results.

Whole body BMC was not significantly
reduced in the patients with GHD nor were
significant reductions noted one year after dis-
continuing GH treatment. This is in keeping
with some studies in young adults,24 although
others have demonstrated considerable reduc-
tions in bone mineral density in older individu-
als with prolonged GHD.5 Our findings suggest
that adequate GH treatment in children
prevents the development of relative osteope-
nia, which may be seen in adults who have
experienced prolonged GHD. Longer follow
up may be necessary to detect reductions in
bone mineralisation after stopping GH treat-
ment. Reduced BMC was demonstrated in the
five non-GHD patients. Three of these had
Turner’s syndrome and the reduced BMC may
reflect suboptimal oestrogen treatment. One

Figure 5 Change in resting metabolic rate (RMR)/kg fat
free mass at six months after stopping treatment and
subsequent change in percentage fat at one year in patients
with growth hormone deficiency.
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other had Leri-Weill syndrome and the abnor-
mal bone development in this syndrome might
be expected to aVect BMC measurements.

Presently, adolescent patients discontinue
GH treatment when they have completed their
growth. Because GH is now available for the
treatment of GHD in adult life, there is
increased interest in identifying those individu-
als diagnosed as having GHD in childhood
who would most likely benefit from longer
term treatment into adult life, once growth has
been completed. At present, the licence for GH
treatment in adult life permits treatment in
adults with profound GHD (< 5 mU/ml),
although previous studies of the metabolic
eVects of GH treatment in adult life have
shown benefits in populations with pretreat-
ment GH concentrations varying between
3 mU/ml and 10 mU/ml.25–27 It is unlikely,
therefore, that an absolute concentration of
GH could be used to determine which
individuals would benefit from GH treatment
in adult life. Given the limited correlation
between biochemical measures of GH defi-
ciency and some of the subsequent physiologi-
cal eVects (such as growth) of treatment, and
also the poor correlation between the results of
GH testing in earlier childhood with results
obtained in young adult life,13 our results
suggest that the decision for continued treat-
ment of GHD into adult life should be based
partly on evidence of physiological benefit
rather than purely on the results of GH stimu-
lation testing performed in early childhood. It
is currently recommended that re-evaluation of
the GH response to pituitary stimulation
testing should also be included in the assess-
ment of the need for longer term GH
treatment. Unfortunately, such data are not
available for most of our patients, many of
whom declined further testing of GH secretory
status at this stage.

Other studies have investigated the eVect of
discontinuing GH treatment. Increases in fat
mass have been demonstrated by bioelectrical
impedance measurements in individuals with
continuing severe GHD, when measured three
months after discontinuing GH, whereas no
change was noted in patients without GHD.28

Percentage body fat measured by DXA scan-
ning has also been shown to be increased at six
and 12 months after discontinuing GH but in
this particular study the control group showed
no such increases.29 Small and variable reduc-
tions in muscle strength and size have been
shown to occur one year after discontinuing
GH treatment in a small group of adolescents,
but changes in the normal population at this
age are not well documented, making it
diYcult to interpret this finding.30

However, to our knowledge, our study is the
first to demonstrate that abnormalities of RMR
can be measured within a short time interval of
discontinuing GH treatment. One of the aims
of our study was to evaluate whether the early
metabolic eVects of discontinuing GH might
be predictive of longer term adverse eVects on
body composition and whether these eVects
could be used to identify those individuals
most likely to benefit from treatment with GH

in early adult life. We have demonstrated that
those individuals experiencing the greatest
reduction in RMR/kg fat free mass subse-
quently show the largest increases in body fat,
although the reduction in RMR does not
explain all of the changes in body fat (R2

= 0.49; fig 4), given that some increase in body
fat may be expected in normal healthy adoles-
cents of this age. We would suggest that meas-
uring early changes in RMR on discontinuing
GH treatment could be used to identify those
individuals who would benefit from continua-
tion of GH treatment into adult life. In units
where the necessary equipment is unavailable,
measurement of skinfold thicknesses to deter-
mine changes in body composition during the
year after stopping GH could be used to iden-
tify those individuals with large increases in
body fat who should be encouraged to undergo
repeat assessment of GH secretory reserve. GH
treatment may then be reintroduced at an early
stage in those with confirmed GHD to prevent
further adverse eVects on body composition.
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