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Impact of growth hormone therapy on adult height of
children with idiopathic short stature: systematic review

Annalisa Deodati, research fellow, Stefano Cianfarani, associate professor

ABSTRACT

Objective To systematically determine the impact of

growth hormone therapy on adult height of children with

idiopathic short stature.

Design Systematic review.

Data sources Cochrane Central Register of Controlled

Trials, Medline, and the bibliographic references from

retrieved articles of randomised and non-randomised

controlled trials from 1985 to April 2010.

Data extraction Height in adulthood (standard deviation

score) and overall gain in height (SD score) from baseline

measurement in childhood.

Study selection Randomised and non-randomised

controlled trials with height measurements for adults.

Inclusion criteria were initial short stature (defined as

height >2 SD score below the mean), peak growth

hormone responses >10 μg/L, prepubertal stage, no
previous growth hormone therapy, and no comorbid

conditions that would impair growth. Adult height was

considered achieved when growth rate was <1.5 cm/year

or bone age was 15 years in females and 16 years in

males.

Results Three randomised controlled trials (115 children)

met the inclusion criteria. The adult height of the growth

hormone treated children exceeded that of the controls by

0.65 SD score (about 4 cm). The mean height gain in

treated children was 1.2 SD score compared with 0.34 SD

score in untreated children. A slight difference of about

1.2 cm in adult height was observed between the two

growth hormone dose regimens. In the seven non-

randomised controlled trials the adult height of the

growth hormone treated group exceeded that of the

controls by 0.45 SD score (about 3 cm).

Conclusions Growth hormone therapy in children with

idiopathic short stature seems to be effective in partially

reducing the deficit in height as adults, although the

magnitude of effectiveness is on average less than that

achieved in other conditions for which growth hormone is

licensed. The individual response to therapy is highly

variable, and additional studies are needed to identify the

responders.

INTRODUCTION

Short stature is the commonest cause of referral to a
paediatric endocrine unit. Although several conditions
can lead to impaired linear growth,most short children

do not fit into any clearly defined category and are
referred to as having idiopathic short stature. Idio-
pathic short stature is considered present when height
is more than 2 standard deviations below the corre-
spondingmean height for a given age, sex, and popula-
tion group, without evidence of systemic, endocrine,
nutritional, or chromosomal abnormalities.1 Accord-
ing to this definition, most children referred for short
staturewill be classed as having idiopathic short stature
at the end of the diagnostic investigation.2

In 2003, growth hormone therapy was approved in
theUnited States for children with idiopathic short sta-
ture with height at or greater than 2.25 standard devia-
tions (1.2 centiles) below the mean for age and sex,
associated with growth rates unlikely to permit attain-
ment of adult height in the normal range, and in whom
diagnostic evaluation excluded other causes for short
stature that should be observed or treated by other
means. Recently, a consensus statement of the Inter-
national Societies of Pediatric Endocrinology and the
Growth Hormone Research Society proposed that
children with idiopathic short stature whose heights
were less than −2.0 SD scores and who were more
than 2.0 SD scores below their mid-parental target
height or had a predicted height less than −2.0 SD
scores warranted consideration for treatment.3 How-
ever, although growth hormone therapy increases
growth rate in the first years of treatment, controversy
continues over its use for the treatment of idiopathic
short stature and how much additional height may be
gained.4 Available data are affected by several biases.
Firstly, idiopathic short stature is a heterogeneous con-
dition that includes normal variants of growth, such as
familial short stature and constitutional delay of
growth and puberty, characterised by the achievement
of an adult height within the range of mid-parental
height. Secondly, a wide variety of dosages has been
used in the different studies. Thirdly, trials have been
carried out in relatively small study cohorts often not
followed up to the achievement of adult height. Owing
to these uncertainties, the European Agency for the
Evaluation of Medicinal Products Europe has not yet
approved the use of growth hormone in children with
idiopathic short stature. Since the last Cochrane
review,5 results from further long term trials have
beenpublished, promptingpharmaceutical companies
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to reiterate their applications and raising the debate on
the need for European approval even in the lay public.

We examined the evidence that long term growth
hormone treatment in children with idiopathic short
stature may improve their height as adults. We carried
out a systematic review of all randomised and non-ran-
domised controlled trials of growth hormone use in
children with idiopathic short stature published up to
April 2010.

METHODS

We searched the Cochrane Central Register of Con-
trolled Trials, Medline, and the bibliographic refer-
ences from all retrieved articles describing such trials
up to April 2010 using the search terms “growth hor-
mone” and “final height” and “adult height” and “idio-
pathic short stature”. No language restrictions were
applied.

Inclusion criteriawere initial short stature, defined as
height more than 2 SD scores below the mean; peak
growth hormone responses greater than 10 μg/L; pre-
pubertal stage; no previous growth hormone therapy;
andno comorbid conditions thatwould impair growth,
such as chromosomal abnormalities, bone diseases,
chronic diseases interfering with growth, treatment
with steroids or sex steroids, and dysmorphic syn-
dromes. Adult height was considered achieved when
growth ratewas<1.5 cm/year or bone agewas 15 years
in females and 16 years in males.

Efficacy outcome measures and quality assessment

The primary efficacy outcome measure was the differ-
ence in adult height between treated and untreated
children. We considered a mean difference in adult
height of more than 0.9 SD scores (about 6 cm) as a
satisfactory response to growth hormone therapy.
This value was chosen as it represents the mean differ-
ence in adult height between growth hormone treated
and untreated children born small for gestational age.6

The SD score, also called z score, represents the dis-
tance between the raw score and the population mean
in units of the standard deviation. We calculated the
SD score with the formula: SD score=(x−average x)/
SD,where x is the observedmeasurement, average x is
the mean of this measurement at the relevant age, and
SD is the standard deviation from the mean. The SD

score is negative when the raw score is below themean
and positive when above.
Secondary efficacy outcome measures were height

gain from inclusion in the study to adulthood (at least
≥ 1 SD score) and difference between adult height and
mid-parental height (at least ≥ 1 SD score). None of the
studies provided raw data on single participants, there-
fore in the analysis we considered the average values
for height (SD score) at start of therapy and in adult-
hood and their standard deviations.
Randomised controlled trials allow decision makers

to draw causal inferences linking interventions and
outcomes with protection against bias. Therefore ran-
domised controlled trials begin with a “high quality”
rating. The strength of a recommendation reflects the
degree of confidence that the desirable effects of a
recommendation outweigh the undesirable effects.
Desirable effects can include beneficial health out-
come, less burden, and cost savings. Undesirable
effects can include harms, more burden (that is, patient
compliance), and expenses.
According to theEndocrineSociety,7 a scientific trial

should be evaluated and classified into one of two
grades (strong and weak) of recommendation and the
quality of the evidence into one of four categories
(high, moderate, low, and very low). On this basis a
grading was assigned to each of the three randomised
controlled trials.

Statistical analysis

For primary analysis we calculated the effect size for
each randomised controlled trial. The effect size was
computed as the mean difference (treated minus
untreated) and the changes (adult height minus base-
line height) for each trial. We present these scores in a
paired analysis with their 95% confidence intervals.
Then we calculated the global effect size, pooling the
data. When the effect size was significant in a fixed
model we repeated the analyses using a random effects
model.8 The random effects model incorporates statis-
tical heterogeneity (results, methods, and publication
bias) and provides a more conservative estimate of the
pooled effect size than a fixed model. We calculated I2

values for quantifying heterogeneity in themeta-analy-
sis. I2 describes the percentage of variability in point
estimates that is due to heterogeneity rather than to
sampling error. Although no universal rule covers the
definitions of mild, moderate, or severe heterogeneity,
I2 values more than 50% indicate notable heterogene-
ity, whereas values less than 30% indicate mild hetero-
geneity. We assessed publication bias by funnel plot
analysis (see web extras). As the significance of the
effect size may be affected by a single trial, we carried
out a sensitivity analysis. When trials presented enrol-
ling biases, we excluded these studies from the analysis
to verifywhether the same trendwas observedwith the
remaining trials. Analyses for randomised controlled
trials were carried out using Review Manager 5 soft-
ware forWindows package (Nordic Cochrane Centre,
Copenhagen, Denmark).

Long term trials identified from search (n=19)

Controlled trials (n=10)

Non-randomised
controlled trials (n=7)

Randomised
controlled trials (n=3)

Excluded (n=9):
  Not controlled (n=4)
  Not done up to adulthood (n=5)

Fig 1 | Search strategy for selection of trials
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RESULTS

The search strategy identified 19 long term studies
(>3 years). Nine studies were excluded; five were not
carried out up to adulthood and four were not con-
trolled trials. Three9-11 of the 19 studies12-22 were rando-
mised controlled trials, the remainder non-randomised
controlled trials (fig 1). Only one study included a pla-
cebo control group.10

Randomised controlled trials

The three randomised controlled trials (115 children,
79 cases and 36 controls)were of lowormoderate qual-
ity (table 1). Little or no information was available on
the method of randomisation. If the treated group of a
single study contained subgroups, the group and its
subgroups were analysed separately. In one trial 11 the
children were subdivided according to dose of growth
hormone (0.033 and 0.067 mg/kg/day).
Children were enrolled in the randomised controlled

trials if their SD score for height was below −2.0. The
mean chronological age at start of therapy ranged from
6.1 to 12.9 years (mean age 10.2 (SD 1.1) years for all
children, 10.08 (SD 1.09) years for treated children, and
10.04 (SD1.1) years for untreated children). All the chil-
dren were prepubertal, the daily dose of growth hor-
mone ranged from 0.033 to 0.067 mg/kg, the mean
duration of therapy was 5.4 (SD 1.5) years, and the
mean height was −2.7 (SD 0.45) SD score (−2.72 (SD
0.5) SD score for treated children and −2.7 (SD 0.43)
SD score for untreated children).

Non-randomised controlled trials

Seven non-randomised controlled trials (477 children,
181 cases and 296 controls) were assessed (table 2).
The inclusion criteria for these trials were similar.
The mean chronological age at start of therapy ranged
from7.6 to 12.5 years (mean age 10.7 (SD1.9) years for
all children, 10.6 (SD 1.9) years for treated children,
and 10.7 (SD 1.9) years for untreated children). All
the childrenwere prepubertal. The dose of growth hor-
mone ranged from 0.02 to 0.05 mg/kg/day, the mean
duration of therapy was 5.3 (SD 1.8) years, and the

mean initial height was −2.8 (SD 0.5): −2.9 (SD 0.6)
for treated children and −2.7 (SD 0.5) for untreated
children.

Randomised controlled trials

Adult height

In one of the randomised controlled trials, children
with a baseline SD score for height of −2.5 and treated
for about 6.2 years achieved an average near final
height of −1.1 SD score compared with −2.4 SD score
in untreated children (fig 2). 9 In the only double blind
and placebo controlled trial, treated children achieved
an average adult height of −1.77 SD score compared
with −2.34 SD score in untreated children.10 Treated
children in the remaining study11 achieved a mean SD
score for adult height of −1.6 compared with −2.2 in
untreated children. This trial reported two subgroups
of children treated according to two growth hormone
dose regimens (table 1). The children treated with a
daily dose of 0.067 mg/kg achieved a mean adult
height of −1.5 SD score compared with −1.7 SD score
for children treated with 0.033 mg/kg/day, corre-
sponding to a mean difference of 2 cm.

The mean adult height derived from the three ran-
domised controlled trials was −1.52 SD score for trea-
ted children and−2.30 SD score for untreated children.
The adult height achieved by those in the treated group
significantly exceeded that of the controls, with amean
difference of 0.65 SD score (about 4 cm) (95% confi-
dence interval 0.40 to 0.91; P<0.001, fig 2). See web
extra supplemental data 1 for the results of the analysis
carried out according to a fixedmodel. After exclusion
of a trial with the greater enrolment bias, the same
trend was observed with the remaining trials (see web
extra supplemental data 11).

In two of the studies910 the difference in SD score for
adult height was 1.23 (7.4 cm) and 0.57 (3.4 cm),
respectively. In the third study11 the overall difference
was 0.6 SD score (3.6 cm). The difference in adult
height between treated and untreated children was
0.5 SD score (3 cm) in those receiving growth hormone

Table 1 | Characteristics, results, and quality grading of randomised controlled trials of growth hormone therapy in children with idiopathic short stature

Study and group No Mean (SD) age
at start of therapy

(years)

Growth
hormone dose
(mg/kg/day)

Mean (SD) years
of therapy

Mean (SD) height
at baseline
(SD score)

Mean (SD)
adult height
(SD score)

Mean (SD)
height gain
(SD score)

Difference (cases
−controls) inadult
height (SD score)

Quality

McCaughey et al 19989:

Treated 8 6.24 (0.38) 0.04 6.2 (range 5.5-6.5) −2.52 (0.26) −1.14 (1.06) 1.38 (0.7) 1.23
Low

Untreated 6 6.14 (0.62) — — −2.55 (0.32) −2.37 (0.46) 0.18 (0.4) —

Leschek et al 200410*:

Treated 22 12.5 (1.6) 0.03 4.4 (1.6) −2.7 (0.6) −1.77 (0.80) 0.93 (0.75) 0.57
Moderate

Untreated 11 12.9 (1.1) — 4.1 (1.7) −2.8 (0.6) −2.34 (0.56) 0.46 (0.23) —

Albertsson-Wikland et al 200811:

Treated 49 11.5 (1.3) 0.033 to 0.067 5.64 (1.37) −2.84 (0.56) −1.6 (0.68) 1.24 (0.82) 0.6

Moderate
0.033 mg/kg/day 18 11.5 (1.3) 0.033 — — −1.7 (0.68) 1.20 (0.82) 0.5

0.067 mg/kg/day 31 — 0.067 — — −1.5 (0.84) 1.30 (0.73) 0.7

Untreated 19 12 (1.6) — — −2.76 (0.39) −2.2 (0.75) 0.40 (0.62) —

*Placebo controlled trial.
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0.033 mg/kg/day and 0.7 SD score (4.2 cm) in those
receiving 0.067 mg/kg/day.
In two of the studies9 10 the difference between adult

or near final height and baseline predicted height in
children treated with growth hormone increased by
3.5 cm and 0.32 SD scores, respectively.

Height gain
In one study the mean height gain in treated children
was 1.38 SD score (8.28 cm) compared with 0.18 SD
score (1.08 cm) in untreated children (fig 2).9 In the
second study the mean height gain was 0.93 SD score
(5.58 cm) in treated children compared with 0.46 SD
score (2.76 cm) in untreated children.10 In the remain-
ing study the overall mean height gain was 1.24 SD
score (7.44 cm) in treated children compared with
0.40 SD score (2.4 cm) in untreated children.11 The
mean height gain in children treated with growth hor-
mone 0.033 mg/kg/day was 1.2 SD score (7.2 cm)
compared with 1.3 SD score (7.8 cm) in those treated
with the higher dose of 0.067 mg/kg/day.
The mean height gain from the three studies was 1.20

SD score (7.2 cm) in treated children and 0.34 SD score
(2.0 cm) in untreated children (fig 2). The height gain

achieved by the treated group significantly exceeded
that of controls, with a mean difference of 0.79 SD score
(4.7 cm) (95% confidence interval 0.50 to 1.09; P<0.001,
fig 2). Seeweb extra supplemental data 2 for the results of
the analysis done according to a fixed model.

Adult height corrected for mid-parental height
Only two studies reportedmid-parental height (fig 3). In
one of the studies mean adult height corrected for mid-
parental height was −0.66 SD score in treated children
compared with −1.02 SD score in untreated children.10

In the other study,11 mean adult height corrected for
mid-parental height was −0.1 SD score in children trea-
ted with growth hormone 0.033mg/kg/day and 0.4 SD
score in those treated with 0.067 mg/kg/day compared
with −1.0 SD score in untreated children. The overall
mean corrected adult height from the two studies was
−0.4 SD score in treated children and −1.01 SD score in
untreated children. The mean corrected adult height
achieved by the treated group significantly exceeded
that of the controls, with a mean difference of 0.87 SD
score (95% confidence interval 0.28 to 1.46, P=0.004,
fig 3). See web extra supplemental data 3 for the results
of the analysis carried out according to a fixed model.

Table 2 | Characteristics, results, and quality grading of non-randomised controlled trials of growth hormone therapy in children with idiopathic short stature

Study and group No Mean (SD) age
at start of

therapy (years)

Dose
(mg/kg/day)

Years of
therapy

Mean (SD)heightat
baseline (SD score)

Mean (SD)
adult height
(SD score)

Mean (SD)
height gain (SD

score)

Difference (cases
−controls) in adult
height (SD score)

Quality

Wit et al 199512:

Treated 12 9.2 (1.6) 0.02 5.7 −3.8 (0.7) −2.4 (0.9) 1.4 (0.9) 0
Low

Untreated 27 10.5 (1.2) — — −3.2 (0.3) −2.4 (0.7) 0.8 (0.5) —

Hindmarsh et al 199613:

Treated 16 8.35 (1.88) 0.02 to 0.04 7.5 −2.17 (0.58) −1.33 (0.94) 0.84 (0.76) 0.55
Low

Untreated 10 7.62 (1.50) — — −2.34 (0.61) −1.88 (0.57) 0.46 (0.6) —

Lopez-Sigueroetal199614:

Treated 20 11.4 (1.3) 0.02 to 0.03 5.3 −2.8 (0.52) −1.46 (0.7) 1.34 (0.55) 0.55
Low

Untreated 44 10.7 (2.2) — — −2.38 (0.4) −2.01 (0.7) 0.37 (0.6) —

Buchlis et al 199815:

Treated 36 11.9 (2.8) 0.04 3.5 −2.9 (0.6) −1.5 (0.8) 1.4 (0.7) 0.6
Low

Untreated 58 12.5 (2.5) — — −2.9 (0.7) −2.1 (1.0) 0.8 (0.8) —

Lopez-Sigueroetal200016:

Treated 35 11.1 (1.4) 0.02 5.3 −2.78 (0.5) −1.31 (0.7) 1.47 (0.6) 0.72
Low

Untreated 42 10.8 (2.2) — — −2.4 (0.4) −2.03 (0.7) 0.37 (0.8) —

Coutant et al 200117:

Treated 32 11.7 (2.0) 0.02 3.9 (1.8) −3.0 (0.67) −2.1 (0.76) 0.9 (0.57) 0.02
Low

Untreated 51 12.1 (2.8) — — −2.74 (0.64) −2.08 (1.01) 0.66 (0.89) —

Wit et al 200218:

Treated 30 10.7 (2.2) 0.03 to 0.04 5.9 −3.3 (0.5) −1.9 (0.9) 1.4 (0.9) 0.5 Low-moderate

18 10.7 (2.2) 0.03 — — −2.4 (1.0) 0.9 (1.0) 0 Low-moderate

12 10.7 (2.2) 0.04 — — −1.3 (0.7) 2 (0.8) 1.1 Low-moderate

Untreated 64 10.9 (1.1) — — −3 (0.5) −2.4 (0.8) 0.6 (0.6) —

Wit et al 200218: subgroups

Familial short stature:

Treated 5 10.2 (1.8) 0.03 to 0.04 5.9 −3.2 (0.5) −2.1 (1.0) 1.1 (0.6) 0.1

Untreated 10 10.9 (1.1) — — −3 (0.5) −2.2 (0.9) 0.8 (0.5) —

Non-familial short stature:

Treated 36 10.7 (2.2) 0.02 to 0.04 5.9 −3.2 (0.5) −2.0 (1.0) 1.2 (0.8) 0.4

Untreated 45 10.9 (1.1) — — −3 (0.5) −2.4 (0.8) 0.6 (0.6) —
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Non-randomised controlled trials

Adult height

Themean adult height derived from the seven non-ran-
domised controlled trials was −1.7 SD score for treated
children and −2.1 SD score for untreated children
(table 2 and fig 4). The adult height achieved by the
treatedgroup significantly exceeded that of the controls,
with a mean difference of 0.45 SD score (3 cm) (95%
confidence interval 0.18 to 0.73, P=0.001, fig 4). See
web extra supplemental data 4 for the results of the ana-
lysis carried out according to a fixed model.

In one study the difference in adult height between
treated and untreated children was 0.5 SD score
(3 cm).18 The difference in adult height between trea-
ted and untreated children was 0 SD score in those
treated with growth hormone 0.03 mg/kg/day com-
pared with 1.1 SD score (6.6 cm) in those treated
with 0.04 mg/kg/day.

Height gain

In one study, mean height gain in treated children was
1.4 SD score (8.4 cm) compared with 0.6 SD score
(3.6 cm) in untreated children.18 The mean height
gain in children treated with growth hormone
0.03 mg/kg/day was 0.9 SD score (5.4 cm) compared
with 2.0 SD score (12 cm) in those treated with
0.04 mg/kg/day.

Overall, the mean height gain from the seven non-
randomised controlled trials was 1.28 SD score (8 cm)
in the treated children and 0.6 SD score (4 cm) in the
untreated children (fig 4).

The height gain achieved by the treated group sig-
nificantly exceeded that of the controls, with a mean
difference of 0.71 SD score (5 cm) (95% confidence
interval 0.42 to 0.99, P<0.001, fig 4). See web extra
supplemental data 5 for the results of the analysis car-
ried out according to a fixed model.

Quality of evidence and strength of recommendation

The quality score for two of the trials10 11 denotedmod-
erate quality evidence. The first study10 was the only
available randomised double blind placebo controlled
trial. However, the proportion of dropouts was high;
40% in the growth hormone treated group and 65% in
the placebo group. Adult height was measured in six
children in the treated cohort and only three in the pla-
cebo cohort. The other study11 lacked detail on the ran-
domisation procedure. The whole study population
comprised only 68 children: 19 controls and 49 treated
children (18 with low dose and 31 with high dose
growth hormone). Finally, in the second of these two
trials,11 results were affected by a high variability. The
remaining trial9 was classed as of low quality evidence
because the study population was small (seven treated
and six randomised untreated girls), no power calcula-
tion was described, and the authors reported the
achievement of near final height in both treated and
untreated groups.

The difference in adult height between treated and
untreated children was considered as the primary effi-
cacy outcome measure. A mean difference in adult
height of more than 0.9 SD score (about 6 cm) was
considered as a satisfactory response to growth

Adult height

  Albertsson-Wikland 200811

    (growth hormone 0.033 mg/kg/day)

  Albertsson-Wikland 200811

    (growth hormone 0.067 mg/kg/day)

  Leschek 200410

  McCaughey 19989

Total (95% CI)

Test for heterogeneity: τ2=0.00, χ2=2.48, df=3, P=0.48, I2=0%

Test for overall effect: z=5.06, P<0.001

Height gain

  Albertsson-Wikland 200811

    (growth hormone 0.033 mg/kg/day)

  Albertsson-Wikland 200811

    (growth hormone 0.067 mg/kg/day)

  Leschek 200410

  McCaughey 19989

Total (95% CI)

Test for heterogeneity: τ2=0.04, χ2=5.52, df=3, P=0.14, I2=46%

Test for overall effect: z=5.34, P<0.001

0.50 (0.04 to 0.96)

0.70 (0.25 to 1.15)

0.57 (0.10 to 1.04)

1.23 (0.41 to 2.05)

0.65 (0.40 to 0.91)

0.80 (0.33 to 1.27)

0.90 (0.52 to 1.28)

0.47 (0.13 to 0.81)

1.20 (0.62 to 1.78)

0.79 (0.50 to 1.09)

30.0

31.7

28.8

9.4

100.0

22.7

28.6

31.4

17.3

100.0

-2 -1 0 1 2

Favours
control

Favours
therapy

Mean difference
IV, random

(95% CI)

Mean difference
IV, random

(95% CI)

Weight
(%)

-1.70

-1.50

-1.77

-1.14

1.20

1.30

0.93

1.38

Mean
SD

score

0.68

0.84

0.80

1.06

0.82

0.73

0.75

0.70

SD

Treated children

18

31

22

8

79

18

31

22

8

79

Total

-2.20

-2.20

-2.34

-2.37

0.40

0.40

0.46

0.18

Mean
SD

score

0.75

0.75

0.56

0.46

0.62

0.62

0.23

0.40

SD

Control children

19

19

11

6

55

19

19

11

6

55

Total

Fig 2 | Effect of long term growth hormone therapy at conventional doses on adult height and height gain in randomised

controlled trials. Results of meta-analysis according to random model
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hormone therapy. Although arbitrary and flawed this
represents an acceptable cut-off value for determining
the minimum “desirable effect” of long term growth
hormone therapy, representing the mean difference
in adult height between treated and untreated children
in another already approved indication for growthhor-
mone in non-growth hormone deficient children, such
as born small for gestational age. The gain in SD score
betweenheight at inclusion and adult height (at least ≥1
SD score) and difference between adult height and
mid-parental height (at least −1 SD score or more),
were considered as secondary efficacy outcome mea-
sures. According to these variables, a weak recommen-
dation was assigned to all three randomised controlled
trials because none achieved the established goals.
Only in the high dose group of the study by Alberts-
son-Wikland et al,11 the adult height corrected formid-
parental height of treated children was 1.4 SD score.
Low quality evidence and a weak recommendation

were assigned to the non-randomised controlled trials
with the exception of one study,18 which was of low-
moderate quality as the two groups of treated children
were randomised (table 2). This study is, however,
affected by the extreme variability of results.

Predictors of adult height

Awide individual variability in the response to growth
hormone therapywas reported in all the studies.Multi-
ple linear regression analyses were used to construct
the best model for predicting adult height SD score.
The major predictors of adult height reported so far
were early age at start of therapy, dose of growth hor-
mone, length at birth, difference between height and
mid-parental height, and delay in bone age.23

DISCUSSION

In this systematic review of 19 trials reporting the long
termeffect of growthhormone therapy in childrenwith
idiopathic short stature only three were randomised
controlled trials carried out up to adulthood. To date
no single high quality evidence randomised controlled
trial has been carried out up to the achievement of adult
height. Considering the two best quality studies, the
average adult height achieved by treated children

exceeded that of untreated controls, from 0.57 to 0.70
SD score (3.4-4.2 cm).One systematic review5 assessed
the effects of growth hormone therapy on both short
term and long term growth in children with idiopathic
short stature. However, this systematic review did not
consider the outcome measures analytically, did not
evaluate and classify the trials according to the quality
of evidence and strength of recommendation, and is
not up to date as new long term trials have recently
been published.
The weight of the evidence, although affected by the

lack of studies with high quality and strong recommen-
dation, indicates that growth hormone therapy
increases adult height in children with idiopathic
short stature. However, the growth promoting effect
of growth hormone therapy is small, and data analysis
showswide individual variability, whichmay partly be
related to the heterogeneity of the study population.
One randomised controlled trial11 and non-rando-

mised controlled trial18 reported a dose dependent
effect of growth hormone therapy on adult height.
However, only the non-randomised controlled trial
showed a difference in adult height between untreated
children and children treated with high dose growth
hormone of more than 0.9 SD score.

Limitations of the review

One potential limitation of any meta-analysis is the
pooling of studies with heterogeneous populations.
However, the rigorous entry criteria and review proce-
dures for the current analyses were instituted to
exclude studies in patients with known causes of short
stature. A second potential limitation involves the
effect of study dropouts on the validity of study find-
ings. A third confounder is the small sample size, with
its high chance of false positive results. A fourth poten-
tial limitation of any meta-analysis is the “file-drawer”
effect, in which studies with negative results might
remain unpublished thus biasing the literature towards
positive findings.

Implications for clinicians and policymakers

Our results may have potential implications for clinical
practice andhealth policy.Much of the debate about use

  Albertsson-Wikland 200811
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Fig 3 | Effect of long term growth hormone therapy at conventional doses on adult height corrected for mid-parental height in

randomised controlled trials. Results of meta-analysis according to random model

RESEARCH

page 6 of 8 BMJ | ONLINE FIRST | bmj.com



of growth hormone in children with idiopathic short sta-
ture has centered on the magnitude of growth hormone
effect on adult height. The current findings, although
based on only three randomised controlled trials, indi-
cate that long term growth hormone therapy can par-
tially reduce the height deficit of children with
idiopathic short stature, but themeandifferencebetween
treated and untreated children is 0.65 SD score (about 4
cm). These results suggest that the debate should shift to
whether the gain in adult height is of sufficient clinical
importance and value to warrant widespread treatment
of children with idiopathic short stature.
Practitioners and policy makers need to address the

clinical importance and value of the height gained in
relation to the goals of treatment. Consideration of addi-
tional factors will be important for deciding whether
growth hormone should be used in children with idio-
pathic short stature in practice, including the impact of
the height gained on physical and psychosocial well-
being, adverse effects, cost of therapy, and patients’
expectations. Although an economic analysis is beyond
the scope of this article, the cost-benefit ratio has repeat-
edly been considered for growth hormone therapy.
Here we report that the mean final difference in adult
height between treated and untreated children with

idiopathic short stature is about 4 cm after 5.4 years of
growthhormone therapy.Therefore, the average annual
cost of growth hormone therapy is about €20000
(£17000, $27000) per year of treatment, which corre-
sponds to about €27000 per gained centimetre. In
other already approved non-classical indications of
growth hormone therapy, such as small for gestational
age andTurner syndrome, the reportedmeandifference
in adult height between treated and untreated children is
about 6 cm and 7 cm, respectively.624

Potential harms of growth hormone therapy

None of the included studies reported serious adverse
effects of growth hormone therapy. A decreased sensi-
tivity to insulin (as fasting hyperinsulinaemia,
increased fasting glucose, and reduced tolerance dur-
ing oral glucose tolerance test) has been described. All
the effectswere reversible after discontinuation of ther-
apy. However, metabolic memory could predispose
these people to long term increased risk of type 2 dia-
betes.Occasionally, a dose dependent increase of insu-
lin-like growth factor-I concentrations reaching values
above 3 SD scorewas reported.11 Although evidence is
lacking for an increased risk of malignancy, the mito-
genic and antiapoptotic actions of insulin-like growth
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Fig 4 | Effect of long term growth hormone therapy on adult height and height gain in non-randomised controlled trials.

Results of meta-analysis according to random model
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factor-I create a theoretical risk.Moreover, the associa-
tionof high levels of insulin-like growth factor-Iwith an
increased risk of carcinogenesis has been shown. The
potential relation among growth hormone therapy,
insulin-like growth factor-I levels, and neoplasia
requires long term surveillance after treatment.25

Conclusions

This is the first meta-analysis that has appraised only
randomised controlled trials and non-randomised con-
trolled trials of growth hormone therapy up to the
achievement of adult height in childrenwith idiopathic
short stature. The current findings indicate that growth
hormone therapy can increase adult height by about 4
cm. In addition, our results show that to date no study
has fulfilled the evidence based medicine criteria for
high quality of evidence and strong recommendation.
The individual response to therapy is highly variable
and further studies are needed to identify the respon-
ders. Finally, further highquality evidence from rando-
mised, double blind, placebo controlled trials up to the
achievement of adult height would be necessary to
determine the efficacy, ideal dosage, and long term
safety of growth hormone therapy.
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WHAT IS ALREADY KNOWN ON THIS TOPIC

Growth hormone therapy has been approved in the United States for children with idiopathic
short stature

A consensus statement proposed that children with height below −2.0 SD score and more
than 2.0 SD score below their midparental target height warrant consideration for treatment

WHAT THIS STUDY ADDS

The magnitude of effect of growth hormone in reducing the adult height deficit is on average
less than that achieved in other conditions for which growth hormone is licensed, increasing
adult height by about 4 cm

To date no study has fulfilled the evidence based medicine criteria for high quality of
evidence and strong recommendation

The individual response to therapy is highly variable, and further studies are needed to
identify the responders
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