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background

 

Treatment with a luteinizing hormone–releasing hormone (LHRH) agonist increases
adult height in children with LHRH-dependent precocious puberty and is prescribed by
some practitioners to augment height in short adolescents. We performed a randomized
clinical trial to determine whether treatment with an LHRH agonist increases adult
height in short adolescents with normally timed puberty.

 

methods

 

Fifty short adolescents (18 boys and 32 girls) with low predicted adult height (mean
[

 

±

 

SD], 3.3

 

±

 

1.2 SD below the population mean) received either placebo (24 subjects) or
an LHRH agonist (26 subjects). The mean (

 

±

 

SD) duration of treatment was 3.5

 

±

 

0.9
years in the LHRH-agonist group and 2.1

 

±

 

1.2 years in the placebo group (P<0.001).
Adult height was measured when bone age exceeded 16 years in girls and 17 years in
boys and when the rate of growth was less than 1.5 cm per year.

 

results

 

Forty-seven adolescents (94 percent) were followed until they attained adult height. At
the time adult height was achieved, the subjects who had been treated with an LHRH
agonist were older than those who had received placebo (20.5

 

±

 

2.1 years vs. 18.0

 

±

 

2.5
years, P=0.01) and were taller (standard-deviation score, –2.2

 

±

 

1.1 vs. –3.0

 

±

 

1.2; P=0.01).
Analysis of covariance showed that LHRH-agonist treatment resulted in an increase of
0.6 (95 percent confidence interval, 0.2 to 0.9) in the standard-deviation score for height,
or an increase of 4.2 cm (95 percent confidence interval, 1.7 to 6.7), over the initially pre-
dicted adult height (P=0.01). Treatment with an LHRH agonist resulted in significantly
greater adult height than did placebo in boys and girls, in adolescents with idiopathic
short stature, and in those who had a growth-limiting syndrome. The principal adverse
event in the LHRH-agonist group was decreased accretion of bone mineral density (mean
lumbar vertebral bone mineral density at the time adult height was achieved, 1.6

 

±

 

1.2 SD
below the population mean, vs. 0.3

 

±

 

1.2 SD below the population mean in the placebo
group; P<0.001).

 

conclusions

 

Treatment with an LHRH agonist for 3.5 years increases adult height by 0.6 SD in ado-
lescents with very short stature but substantially decreases bone mineral density. Such
treatment cannot be routinely recommended to augment height in adolescents with nor-
mally timed puberty.
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uberty first accelerates the rate

 

 

 

of

 

growth and then induces epiphyseal fusion,
terminating the growth of long bones.

 

1

 

 In
the 1970s, long-acting agonists of luteinizing hor-
mone–releasing hormone (LHRH) were shown to
suppress gonadotropin secretion. In children with
LHRH-dependent precocious puberty, treatment
with LHRH agonists slows bone maturation, delays
epiphyseal fusion, and increases adult height.

 

2-7

 

Studies of patients with hypogonadotropic hypo-
gonadism,

 

8

 

 estrogen insensitivity,

 

9

 

 or estrogen de-
ficiency

 

10

 

 have suggested that prolonging the peri-
od of growth by delaying senescence of the growth
plate

 

11

 

 can increase adult height. However, changes
in the tempo of puberty within the normal range do
not influence adult height, since both early- and late-
maturing children achieve similar adult height.

 

12,13

 

Furthermore, treatment with an LHRH agonist for
one to two years in short adolescents with normally
timed puberty does not increase adult height.

 

14-21

 

However, several studies suggest that combined
treatment with growth hormone and an LHRH
agonist for three or more years may increase adult
height,

 

22-26

 

 and some clinicians prescribe LHRH
agonists to augment height in adolescents with nor-
mally timed puberty, despite a paucity of data dem-
onstrating either the safety or the efficacy of such
treatment.

We hypothesized that a four-year course of treat-
ment with an LHRH agonist would increase adult
height in short adolescents by delaying senescence
of the growth plate, thus prolonging the duration of
linear growth. We conducted a randomized trial to
determine the effect of four years of such treatment
on the adult height of adolescents with short stature.

 

patients

 

Adolescents with a predicted adult height that was
at least 2.25 SD below the population mean

 

27

 

 and
with unfused hand and wrist epiphyses were eligible
for enrollment, irrespective of the cause of short
stature. Subjects were eligible whether or not they
were receiving growth hormone therapy.

 

protocol

 

The study was approved by the institutional review
board of the National Institute of Child Health and
Human Development. We obtained written assent
from the adolescents and written consent from their
parents. An assent auditor, who was not involved in

conducting the study, also ensured that the children
and parents understood the study design.

Treatment assignments were made in a random-
ized, double-blind fashion according to a table of
random numbers, without any stratification. Pa-
tients were assigned to receive either placebo or the
LHRH agonist deslorelin (6-

 

d

 

-tryptophan-9-[

 

N

 

-
ethyl-

 

l

 

-prolinamide]-10-desglycinamide-LHRH-
ethylamide), at a dose of 4 µg per kilogram of body
weight, administered each evening by subcutaneous
injection, for four years.

 

2

 

The subjects were examined by a pediatric en-
docrinologist before enrollment, every six months
during treatment, and yearly thereafter. At each visit,
height was measured 10 times with a calibrated sta-
diometer (Holtain), and weight was measured with
a digital scale (Scaletronix). In addition, a roentgen-
ogram was obtained at each visit to determine bone
age, and the pubertal stage was determined.

 

28,29

 

Testicular volume was estimated with an orchidom-
eter (Prader).

 

30

 

 One of us, who was unaware of the
treatment assignments, determined bone age ac-
cording to the method of Greulich and Pyle.

 

31

 

 Adult
height was predicted according to the method of
Bayley and Pinneau.

 

32

 

 Adult height was measured
when bone age exceeded 16 years in girls and 17
years in boys and when the rate of growth was less
than 1.5 cm per year (i.e., when more than 99 per-
cent of linear growth had occurred).

 

31

 

Plasma gonadotropin, testosterone, and estradi-
ol levels were measured at yearly intervals between
9 and 11 a.m. before or, in the case of gonadotro-
pins, after intravenous administration of 100 µg of
LHRH.

 

33

 

 Metabolic, hepatic, renal, hematologic,
and thyroid tests were performed at each visit. When
the subjects attained their adult height, we per-
formed dual-energy x-ray absorptiometry in the
pencil-beam mode (Hologic QDR-2000) to deter-
mine vertebral bone mineral density at L2–L4. Man-
ufacturer’s bone mineral density standard-deviation
scores for age and sex are reported. A calibration
phantom was used according to the manufactur-
er’s specifications. We also used questionnaires to
screen the subjects for affective disorders

 

34

 

 and ob-
tained information on scholastic achievement and
social adjustment.

Adolescents who thought that the study medi-
cation was ineffective or who found an interruption
of normal puberty unacceptable were not encour-
aged to continue treatment. Instead, they were seen
yearly until they achieved adult height so that a valid
intention-to-treat analysis could be performed.

p

methods
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statistical analysis

 

We calculated that a sample of 50 children was re-
quired to detect a difference of 0.55 SD in adult
height between the study groups (

 

a

 

=0.05 and 

 

b

 

=
0.80). Data were analyzed with the use of Super
Anova and StatView 4.02 for the Macintosh (Aba-
cus Concepts). We performed an analysis of vari-
ance with repeated measures to determine differ-
ences between the groups and over time, using a
conservative (Greenhouse–Geisser) F test. Loga-
rithmic transformation of the data was performed
where appropriate, and post hoc Fisher paired
and unpaired least-significant-difference tests
were performed and interpreted with the Bonfer-
roni–Holm adjustment for multiple comparisons.
All reported P values are based on two-sided tests.

The primary outcome analysis was an intention-
to-treat analysis of covariance, with the standard-
deviation score for adult height

 

35

 

 as the dependent
variable, LHRH-agonist treatment as the independ-
ent variable, and sex, the presence or absence of
growth hormone treatment, the standard-deviation
score for initial height, and the predicted and target

standard-deviation scores for adult height as covar-
iates. There were no preplanned interim analyses of
efficacy. Categorical data were examined with con-
tingency-table analysis. Pubertal-stage compari-
sons over time were made with the use of the sign
test and the Bonferroni–Holm adjustment. Puber-
tal-stage comparisons between the study groups
were performed with the use of the Mann–Whitney
U statistic and the Bonferroni–Holm adjustment.
Data are reported as means 

 

±

 

SD unless otherwise
stated.

 

subjects

 

Eighteen boys and 32 girls were enrolled in the study
between December 1984 and November 1994. Pre-
liminary data on predicted changes in height for the
first 16 adolescents enrolled have been reported pre-
viously.

 

33

 

 At base line, there were no significant dif-
ferences between the study groups with respect to
age, sex, height, bone age, predicted adult height,
target adult height, or pubertal stage (Table 1).

results

 

* There were no significant differences between the treatment groups. Plus–minus values are means ±SD. SDS denotes 
the standard-deviation score for age and sex,

 

35

 

 and LHRH luteinizing hormone–releasing hormone.

 

† Target adult height was based on the mean height of the two parents, adjusted for sex.

 

Table 1. Base-Line Characteristics of 50 Adolescents with Short Stature, According to Treatment Group.*

Characteristic
LHRH Agonist

(N=26)
Placebo 
(N=24)

 

Girls
(N=15)

Boys
(N=11)

Girls
(N=17)

Boys
(N=7)

Chronologic age (yr) 12.0±1.3 13.4±1.3 12.1±1.4 13.2±0.8

Weight (kg) 28.7±16.9 37.2±13.1 35.4±9.7 38.5±14.7

Height (cm) 131.2±7.3 138.7±10.3 133.0±9.2 137.3±9.3

SDS for height ¡2.6±0.6 ¡2.5±1.0 ¡2.5±1.0 ¡2.5±1.3

Bone age (yr) 11.5±1.5 13.2±1.3 12.4±1.6 12.9±2.0

Predicted adult height (cm) 144.7±6.2 155.6±7.7 142.1±7.9 157.1±7.5

SDS for predicted adult height ¡2.8±1.0 ¡2.8±1.0 ¡3.2±1.1 ¡2.6±1.0

SDS for target adult height† ¡0.9±0.6 ¡0.6±1.0 ¡0.6±1.5 ¡1.0±1.0

Tanner stage for pubic hair
Median
Range

2.8±0.8
3

1–4

3.2±0.6
3

2–4

3.0±0.9
3

1–4

3.0±0.8
3

2–4

Tanner stage for breast development
Median
Range

2.8±0.6
3

2–4

3.2±0.9
3

2–5

Testicular volume (cm

 

3

 

) 10.8±4.2 9.0±2.4
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Twenty-six subjects had received specific diagnoses
associated with short stature (Table 2); the other 24
had received the diagnosis of idiopathic short stat-
ure after other identifiable causes of short stature

 

36

 

had been ruled out. Three subjects with central hy-
pothyroidism had normal levels of serum thyroid-
stimulating hormone, slight decreases in free thy-
roxine levels, a subnormal surge in the nocturnal
thyroid-stimulating hormone level,

 

37

 

 and no other
endocrine abnormalities; in all three, free thyroxine
had been restored to normal levels with levothyrox-
ine therapy at least six months before enrollment.

 

33

 

All the adolescents were tested for growth hor-
mone deficiency. Three were treated with growth
hormone, at a dose of 0.3 mg per kilogram per
week, because the peak growth hormone level was
less than 7 µg per liter after three stimulation tests
(with arginine, insulin, and levodopa).

 

36

 

 An addi-
tional 11 adolescents, with approximately equal dis-
tribution between the LHRH-agonist and placebo
groups, received growth hormone therapy through
their referring physicians, independently of the
study protocol and in the absence of a definitive di-
agnosis of growth hormone deficiency. In this group
of subjects, growth hormone was generally pre-
scribed at a dose of 0.3 mg per kilogram per week,
given in divided doses either three times or six times
a week.

Forty-seven adolescents (94 percent) were fol-
lowed until they reached adult height. Three ado-
lescents (one in the LHRH-agonist group and two in
the placebo group) left the study during the first year
and were lost to follow-up. Eight adolescents ran-
domly assigned to receive the LHRH agonist and
20 randomly assigned to receive placebo discontin-
ued the injections before completing the four-year
treatment period. All 47 subjects for whom data on
adult height were available were included in the
analyses, according to the intention-to-treat princi-
ple. The average duration of treatment was 3.5

 

±

 

0.9
years in the LHRH-agonist group and 2.1

 

±

 

1.2 years
in the placebo group (P<0.001).

 

hormonal responses and pubertal 
development

 

At enrollment, all the adolescents had midpubertal
peak luteinizing hormone responses to LHRH.

 

38

 

Treatment with an LHRH agonist resulted in levels
of LHRH-stimulated plasma luteinizing hormone
and follicle-stimulating hormone that were lower
than pretreatment levels (P<0.001) and the levels in
the adolescents who received placebo (P=0.006).

Similarly, during LHRH-agonist treatment, estra-
diol levels in the girls and testosterone levels in the
boys were significantly lower than base-line levels
(P=0.003) and the levels in the placebo group (P=
0.007). After the study medication had been discon-
tinued, hypothalamic–pituitary–gonadal function
did not significantly differ between the two groups.

Among the girls, breast stage did not change sig-
nificantly in the LHRH-agonist group but increased
significantly in the placebo group (P=0.003).
Among the boys, testicular volume decreased sig-
nificantly in the LHRH-agonist group (P=0.01) and
increased significantly in the placebo group (P=
0.002). After the study medication had been dis-
continued, further pubertal development occurred
in both groups. At the last follow-up visit, the stage

 

* LHRH denotes luteinizing hormone–releasing hormone.
† Two patients withdrew from the study during the first year and were lost to 

follow-up.
‡ One patient withdrew from the study during the first year and was lost to 

 

follow-up.

 

Table 2. Diagnoses in Study Subjects.*

Diagnosis

LHRH
Agonist
(N=26)

Placebo
(N=24)

 

total
no.

no.
receiving
growth

hormone
total
no.

no.
receiving
growth

hormone

 

Idiopathic short stature 11 3 13† 3

Cushing’s syndrome, successfully treated 2 1 1 1

Central hypothyroidism 1 0 2 0

Isolated growth hormone deficiency 1 1 1 1

Medulloblastoma, cured with craniospinal 
irradiation, and growth hormone 
deficiency

0 1 1

Hypophosphatemic rickets 1 1 1 1

Fetal alcohol syndrome 1 0 0

Russell–Silver syndrome 5‡ 1 2 0

Meningomyelocele 1 0 0

Holt–Oram syndrome 1 0 0

Hypochondroplasia 1 0 0

Spondyloepiphyseal dysplasia 0 1 0

Leri–Weill dyschondrosteosis 0 1 0

Brachydactyly type E 0 1 0

Trichorhinophalangeal syndrome 1 0 0
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of breast development in girls, testicular volume in
boys, and the pubic-hair stage in both did not differ
significantly between the study groups.

 

rate of growth

 

During the first year of treatment, the rate of growth
was lower in the group treated with an LHRH ago-
nist than in the placebo group (P=0.004), but it did
not differ significantly between the two groups dur-
ing the next two years (Fig. 1). During the fourth
year, however, and for the next two years, the sub-
jects who received an LHRH agonist had a higher
rate of growth than those who received placebo (P=
0.003). During the sixth year, the mean increase in

height was 1.1

 

±

 

1.2 cm in the LHRH-agonist group,
as compared with 0.1

 

±

 

0.3 cm in the placebo group
(P=0.003). As a result, adult height was achieved at
an older age in the patients who received an LHRH
agonist (20.5

 

±

 

2.1 years, vs. 18.0

 

±

 

2.5 years in the
placebo group; P=0.01). The rate of growth during
the year before adult height was achieved did not dif-
fer significantly between the two groups (P=0.14).

 

bone age

 

The mean increase in bone age during the first four
years was lower in the LHRH-agonist group than in
the placebo group (2.0

 

±

 

1.3 years vs. 4.2

 

±

 

1.2 years,
P<0.001). After the discontinuation of treatment,

 

Figure 1. Rate of Growth (Panel A), Rate of Bone-Age Progression (Panel B), and Standard-Deviation Score (SDS) for Actual Height (Panel C) 
and Predicted Adult Height (Panel D) among Adolescents with Short Stature Who Were Assigned to Receive a Luteinizing Hormone–Releas-
ing Hormone (LHRH) Agonist or Placebo.

 

Bone-age progression was calculated as the change in bone age divided by the change in chronologic age. The T bars indicate standard errors. 
For rate of growth and bone-age progression, the sample decreased as the patients reached their adult height and completed their follow-up 
visits (the numbers of patients in Panels A and C are shown in Panel C). For measured and predicted adult height, data are shown for all 47 
patients who were followed until they reached adult height. Asterisks denote P<0.05, the dagger P<0.01, and double daggers P<0.005 for the 
comparison with placebo. 
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bone age increased by approximately one year per
year. At the time adult height was achieved, bone age
did not differ significantly between the LHRH-ago-
nist group and the placebo group (17.9

 

±

 

0.9 and
17.7

 

±

 

1.0 years, respectively; P=0.51).

 

height

 

At base line and at two years, neither height nor the
standard-deviation score for predicted adult height
differed significantly between the study groups (Fig.
1), although at two years, the predicted adult height
in the LHRH-agonist group exceeded the predicted
height before treatment (P<0.001). By the fourth
year, however, the standard-deviation score for pre-
dicted height was significantly higher in the LHRH-
agonist group (P=0.007). The gain at four years was
largely maintained at the time adult height was
achieved (mean standard-deviation score for pre-
dicted height, ¡2.0

 

±

 

1.2 at four years and ¡2.2

 

±

 

1.1
when adult height was attained; P=0.14).

Measured height remained similar in the two
study groups until after the completion of treatment
(Fig. 1). Although the adolescents who received pla-
cebo had largely completed their growth at four
years, with a mean gain of only 0.6

 

±

 

0.7 cm there-
after, the adolescents who received an LHRH ago-
nist had an additional gain of 5.9

 

±

 

3.5 cm (P<0.001).
At the time adult height was achieved, the patients
who had received an LHRH agonist were signifi-

cantly taller than those who had received placebo
(standard-deviation score, ¡2.2

 

±

 

1.1 vs. ¡3.0

 

±

 

1.2
[P=0.01]; measured height, 153.9

 

±

 

9.5 cm vs.
146.9

 

±

 

10.0 cm [P=0.02]). Adult height was less
than 2 SD below the population mean in 52 percent
of the LHRH-agonist group but in only 28 percent of
the placebo group (P=0.04). In both groups, how-
ever, adult height was below midparental height
(i.e., the adjusted mean of the two parents’ height),
which was –0.8

 

±

 

0.8 SD in the LHRH-agonist group
and ¡0.7

 

±

 

1.4 SD in the placebo group.
When actual adult height was compared with

predicted adult height at enrollment, the gains were
significantly greater for the patients treated with an
LHRH agonist (gain in the standard-deviation score
for height, 0.6

 

±

 

0.6 vs. 0.0

 

±

 

0.6 [P=0.003]; gain in
absolute height, 4.2

 

±

 

4.5 cm vs. 0.5

 

±

 

4.1 cm [P=
0.004]). The primary efficacy analysis of covariance
indicated that the effect of LHRH-agonist treatment
on height was an increase of 0.6 (95 percent confi-
dence interval, 0.2 to 0.9) in the standard-deviation
score, or 4.2 cm (95 percent confidence interval, 1.7
to 6.7; P=0.01).

Preplanned analyses showed that the gain in
height over that predicted at base line among the
patients treated with an LHRH agonist was inde-
pendent of sex (P=0.04), the presence or absence of
concomitant growth hormone treatment (P=0.03),
and the presence or absence of a growth-limiting

 

Figure 2. Standard-Deviation Score (SDS) for Gain in Height over the Initially Predicted Adult Height.

 

The T bars indicate standard errors. Data are for all 47 patients with adult-height measurements. Asterisks denote 
P<0.05, and daggers P<0.01 for the comparison with placebo. LHRH denotes luteinizing hormone–releasing hormone, 
and GH growth hormone.
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syndrome (P=0.04) (Fig. 2). There were no signifi-
cant interactions between treatment and sex or be-
tween treatment and initial stature. There was also
an apparent effect of growth hormone (difference in
height gain between patients who received growth
hormone treatment and those who did not, 0.4

 

±

 

0.6
SD; P=0.04).

Height in a sitting position, measured at the time
adult height was achieved in 43 patients, did not dif-
fer significantly between the LHRH-agonist group
and the placebo group (83.3

 

±

 

5.0 cm and 82.0

 

±

 

5.3
cm, respectively). However, the difference between
adult height and height in a sitting position (a meas-
ure of subischial leg length) was significantly
greater in the LHRH-agonist group (70.4

 

±

 

6.6 cm,
as compared with 66.2

 

±

 

6.0 cm in the placebo
group; P=0.02).

The increase in adult height over the initially pre-
dicted adult height in the LHRH-agonist group was
not significantly correlated with bone age (r

 

2

 

=0.04,
P=0.16) or chronologic age (r

 

2

 

=0.002, P=0.76) at
base line. However, the gain in height was positively
correlated with the duration of arrested bone mat-
uration during LHRH-agonist treatment (r

 

2

 

=0.31,
P<0.001) (Fig. 3). The maximal bone age during
LHRH-agonist treatment was generally between
13.0 and 14.0 years in girls and between 13.5 and
14.5 years in boys.

 

adverse events

 

Vertebral bone mineral density at L2–L4 at the time
adult height was reached was significantly lower in
the LHRH-agonist group than in the placebo group
(1.6

 

±

 

1.2 SD below the population mean vs. 0.3

 

±

 

1.2
SD below the population mean, P<0.001). Eighteen
patients in the LHRH-agonist group and five in the
placebo group had bone mineral density that was
more than 1 SD below the population mean (P=
0.003); seven patients in the LHRH-agonist group
and one in the placebo group had bone mineral den-
sity that was more than 2 SD below the population
mean (P=0.05). Because many of the syndromes as-
sociated with short stature may affect bone mineral,
we also compared bone mineral density among the
adolescents with idiopathic short stature who re-
ceived an LHRH agonist and those who received
placebo (1.3

 

±

 

1.0 SD and 0.8

 

±

 

1.0 SD below the pop-
ulation mean, respectively; P=0.20); 82 percent of
those with idiopathic short stature in the LHRH-
agonist group, as compared with 32 percent of
those in the placebo group, had bone mineral den-
sity that was more than 1 SD below the population

mean (P=0.02). We also examined the correlation
between bone mineral density and the duration of
LHRH-agonist treatment (r

 

2=0.007, P=0.30), the
duration of arrested bone maturation (r2=0.30,
P=0.001), and height gain (r2=0.24, P=0.001). Two
subjects in the LHRH-agonist group and one in the
placebo group had a traumatic fracture of a digit
during the study. Among the 18 subjects in the
LHRH-agonist group and the 12 subjects in the pla-
cebo group in whom bone mineral density was
measured a mean of 2.7±1.7 years after adult height
had been reached, the change in bone mineral den-
sity did not differ significantly between the two
groups (0.025±0.053 and 0.039±0.037 g per square
centimeter of body-surface area per year, respective-
ly; P=0.54). Among subjects in whom bone mineral
density was more than 2 SD or more than 1 SD be-
low the population mean at the time adult height
was achieved, bone mineral density did not exceed
these levels during follow-up.

Reactions at the injection site included erythema,
ecchymosis, and in rare cases, induration. None of
the reactions required treatment or cessation of the
study medication. A major depressive episode was
diagnosed in three subjects in the LHRH-agonist
group and in two in the placebo group.

Educational achievement was similar in the two
groups. Eighty-seven percent of the subjects in the
LHRH-agonist group and 57 percent of those in

Figure 3. Relation between the Gain in Height over the 
Initial Prediction and the Duration of Arrested Epiphyse-
al Maturation in Subjects Who Received a Luteinizing 
Hormone–Releasing Hormone (LHRH) Agonist and 
Those Who Received Placebo. 
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the placebo group attended college (P=0.17); there
were no significant differences in self-reported
grade-point averages in high school (3.3±0.8 and
2.9±0.6, respectively) or college (3.4±0.4 and 3.2±
0.5, respectively). As of the last follow-up visit, three
subjects in the placebo group and two in the LHRH-
agonist group were married, and a total of 10 chil-
dren (4 children of subjects in the LHRH-agonist
group and 6 children of subjects in the placebo
group) had been born, all of whom were healthy.

To test the hypothesis that suppression of sex hor-
mones can postpone epiphyseal fusion and increase
adult height in adolescents with short stature and
normally timed puberty, we compared the effect of
LHRH-agonist therapy with that of placebo on adult
height. We found that treatment with an LHRH ago-
nist markedly retarded the progression of bone age
and significantly increased adult height. The mean
treatment effect was a gain of 0.6 SD in height, as
compared with the predicted adult height at base
line. LHRH-agonist treatment had no apparent last-
ing effects on secondary sexual development or on
hypothalamic–pituitary–gonadal function but sig-
nificantly decreased bone mineral density; 69 per-
cent of the subjects who received an LHRH agonist
(vs. 21 percent of those who received placebo) had
a bone mineral density that was more than 1 SD be-
low the population mean.

Our finding that treatment with an LHRH ago-
nist increased adult height in adolescents with nor-
mally timed puberty is consonant with observations
in patients who have a pathologically delayed onset
of puberty8,39,40 or who have genetic mutations that
prevent estrogen from inducing bone fusion during
adolescence.9,10 The results of our study are also
consistent with several earlier studies showing that
there is little change in adult height after one to two
years of LHRH-agonist–induced pubertal delay,
either with or without concurrent growth hor-
mone treatment,14-21 and with studies of combined
growth hormone and LHRH-agonist therapy that
suggest that longer periods of treatment with an
LHRH agonist may increase adult height.22-26 Our
data show that treatment with an LHRH agonist
alone increases the adult height of short adolescents
who do not have growth hormone deficiency. With
a treatment period of nearly four years, the growth
period was prolonged sufficiently to result in a mod-
erate gain in adult height among adolescents with

idiopathic short stature and those with recognized
growth-limiting syndromes.

Growth hormone, a relatively safe and moder-
ately effective41-43 medication that is often used in
an attempt to increase height in children with short
stature who do not have growth hormone deficien-
cy, was prescribed for 11 of our patients, none of
whom had growth hormone deficiency. The pa-
tients treated with both growth hormone and an
LHRH agonist had the greatest gain in height. Be-
cause growth hormone treatment was not random-
ly assigned, we can make no definitive statement
about its effects. Use of growth hormone did not
affect the magnitude of the gain in height attribut-
able to LHRH-agonist therapy.

Reduced lumbosacral bone mineral density dur-
ing treatment and inadequate catch-up accretion of
bone mineral after treatment were the main adverse
effects in the LHRH-agonist group. Low bone min-
eral density at the end of adolescence is of particular
concern because up to 45 percent of total adult skel-
etal mass is normally accrued between the ages of
11 and 18 years.44 The risk of fracture in adulthood
doubles with each 1 SD decrease in bone mineral
density.45 A limitation of our study is the lack of
base-line data on bone mineral density, particularly
in the adolescents with growth-limiting syndromes,
although the bone mineral density in the adoles-
cents with idiopathic short stature who were treated
with an LHRH agonist was also more likely than
that in placebo-treated adolescents to be more than
1 SD below the population mean. Since there was
no evidence of accelerated accretion of bone min-
eral after the completion of linear growth, and since
adolescents with low bone mineral density due to re-
versible conditions (e.g., boys with constitutionally
delayed puberty46-48 and girls with anorexia ner-
vosa49) do not have complete catch-up growth in
bone mineral density, it is likely that our subjects
will never have complete recovery of bone mineral
density.

Finally, the psychosocial effects of delaying the
completion of pubertal development may be of con-
siderable concern. In-depth studies of the psycho-
logical effects of LHRH-agonist treatment in ado-
lescents are required to address this issue.

We conclude that prolonging the growth period
by delaying sex hormone–induced growth-plate se-
nescence moderately increases adult height but de-
creases bone mineral density in adolescents with
short stature. For most adolescents, the potential
benefits of such treatment will not outweigh the

discussion
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risks. LHRH-agonist treatment cannot be routinely
recommended to augment height in short adoles-
cents with normally timed puberty.

Supported by grants from the National Institute of Child Health
and Human Development (Z01 HD-00641, to Dr. Yanovski, and Z01

HD-00610, to Dr. Cutler) and the General Clinical Research Center
(5M01 RR00997, to Dr. Rose).

Dr. Peskovitz reports having received a grant from TAP Pharmaceu-
ticals. Dr. Cassorla reports having received lecture fees from Serono.
Dr. Cutler reports that he has equity in and is employed by Eli Lilly.

references

1. Cutler GB Jr. The role of estrogen in
bone growth and maturation during child-
hood and adolescence. J Steroid Biochem
Mol Biol 1997;61:141-4.
2. Klein KO, Barnes KM, Jones JV, Feuillan
PP, Cutler GB Jr. Increased final height in
precocious puberty after long-term treatment
with LHRH agonists: the National Institutes
of Health experience. J Clin Endocrinol
Metab 2001;86:4711-6.
3. Brauner R, Adan L, Malandry F, Zantlei-
fer D. Adult height in girls with idiopathic
true precocious puberty. J Clin Endocrinol
Metab 1994;79:415-20.
4. Paul D, Conte FA, Grumbach MM, Kap-
lan SL. Long-term effect of gonadotro-
pin-releasing hormone agonist therapy on
final and near-final height in 26 children with
true precocious puberty treated at a median
age of less than 5 years. J Clin Endocrinol
Metab 1995;80:546-51.
5. Kauli R, Galatzer A, Kornreich L, Lazar L,
Pertzelan A, Laron Z. Final height of girls
with central precocious puberty, untreated
versus treated with cyproterone acetate or
GnRH analogue: a comparative study with
re-evaluation of predictions by the Bay-
ley-Pinneau method. Horm Res 1997;47:
54-61.
6. Heger S, Partsch CJ, Sippell WG.
Long-term outcome after depot gonadotro-
pin-releasing hormone agonist treatment of
central precocious puberty: final height,
body proportions, body composition, bone
mineral density, and reproductive function.
J Clin Endocrinol Metab 1999;84:4583-90.
[Erratum, J Clin Endocrinol Metab 2000;85:
657.]
7. Antoniazzi F, Arrigo T, Cisternino M, et
al. End results in central precocious puberty
with GnRH analog treatment: the data of the
Italian Study Group for Physiopathology of
Puberty. J Pediatr Endocrinol Metab 2000;
13:Suppl 1:773-80.
8. Uriarte MM, Baron J, Garcia HB, Barnes
KM, Loriaux DL, Cutler GB Jr. The effect of
pubertal delay on adult height in men with
isolated hypogonadotropic hypogonadism.
J Clin Endocrinol Metab 1992;74:436-40.
[Erratum, J Clin Endocrinol Metab 1992;75:
1009.]
9. Smith EP, Boyd J, Frank GR, et al. Estro-
gen resistance caused by a mutation in the
estrogen-receptor gene in a man. N Engl J
Med 1994;331:1056-61. [Erratum, N Engl J
Med 1995;332:131.]
10. Morishima A, Grumbach MM, Simpson
ER, Fisher C, Qin K. Aromatase deficiency
in male and female siblings caused by a

novel mutation and the physiological role of
estrogens. J Clin Endocrinol Metab 1995;
80:3689-98.
11. Weise M, De-Levi S, Barnes KM, Gafni
RI, Abad V, Baron J. Effects of estrogen on
growth plate senescence and epiphyseal
fusion. Proc Natl Acad Sci U S A 2001;98:
6871-6.
12. Tanner JM, Davies PSW. Clinical longi-
tudinal standards for height and height
velocity for North American children. J Pedi-
atr 1985;107:317-29.
13. Vizmanos B, Marti-Henneberg C, Cli-
ville R, Moreno A, Fernandez-Ballart J. Age
of pubertal onset affects the intensity and
duration of pubertal growth peak but not
final height. Am J Human Biol 2001;13:
409-16.
14. Stanhope R, Brook CG. The effect of
gonadotrophin releasing hormone analogue
on height prognosis in growth hormone
deficiency and normal puberty. Eur J Pediatr
1988;148:200-2.
15. Lindner D, Job JC, Chaussain JL. Failure
to improve height prediction in short-stat-
ure pubertal adolescents by inhibiting
puberty with luteinizing hormone-releasing
hormone analogue. Eur J Pediatr 1993;152:
393-6.
16. Job JC, Toublanc JE, Landier F. Growth
of short normal children in puberty treated
for 3 years with growth hormone alone or
in association with gonadotropin-releas-
ing hormone agonist. Horm Res 1994;41:
177-84.
17. Balducci R, Toscano V, Mangiantini A,
et al. Adult height in short normal adoles-
cent girls treated with gonadotropin-releas-
ing hormone analog and growth hormone.
J Clin Endocrinol Metab 1995;80:3596-600.
18. Saggese G, Cesaretti G, Barsanti S, Rossi
A. Combination treatment with growth hor-
mone and gonadotropin-releasing hormone
analogs in short normal girls. J Pediatr 1995;
126:468-73.
19. Carel JC, Hay F, Coutant R, Rodrigue D,
Chaussain JL. Gonadotropin-releasing hor-
mone agonist treatment of girls with consti-
tutional short stature and normal pubertal
development. J Clin Endocrinol Metab 1996;
81:3318-22.
20. Bouvattier C, Coste J, Rodrigue D, et al.
Lack of effect of GnRH agonists on final
height in girls with advanced puberty: a ran-
domized long-term pilot study. J Clin Endo-
crinol Metab 1999;84:3575-8.
21. Lanes R, Gunczler P. Final height after
combined growth hormone and gonadotro-
phin-releasing hormone analogue therapy

in short healthy children entering into nor-
mally timed puberty. Clin Endocrinol (Oxf )
1998;49:197-202.
22. Tanaka T, Satoh M, Yasunaga T, et al.
When and how to combine growth hormone
with a luteinizing hormone-releasing hor-
mone analogue. Acta Paediatr Suppl 1999;
88:85-8.
23. Kamp GA, Mul D, Waelkens JJ, et al.
A randomized controlled trial of three years
growth hormone and gonadotropin-releas-
ing hormone agonist treatment in children
with idiopathic short stature and intrauter-
ine growth retardation. J Clin Endocrinol
Metab 2001;86:2969-75.
24. Mericq MV, Eggers M, Avila A, Cutler
GB Jr, Cassorla F. Near final height in puber-
tal growth hormone (GH)-deficient patients
treated with GH alone or in combination
with luteinizing hormone-releasing hor-
mone analog: results of a prospective, ran-
domized trial. J Clin Endocrinol Metab 2000;
85:569-73.
25. Pasquino AM, Pucarelli I, Roggini M,
Segni M. Adult height in short normal girls
treated with gonadotropin-releasing hor-
mone analogs and growth hormone. J Clin
Endocrinol Metab 2000;85:619-22.
26. Mul D, Wit JM, Oostdijk W, Van den
Broeck J. The effect of pubertal delay by
GnRH agonist in GH-deficient children on
final height. J Clin Endocrinol Metab 2001;
86:4655-6.
27. Frisancho AR. Anthropometric stand-
ards for the assessment of growth and nutri-
tional status. Ann Arbor: University of Mich-
igan Press, 1990:189.
28. Marshall WA, Tanner JM. Variations in
the pattern of pubertal changes in boys.
Arch Dis Child 1970;45:13-23.
29. Idem. Variations in pattern of pubertal
changes in girls. Arch Dis Child 1969;44:
291-303.
30. Zachmann M, Prader A, Kind HP,
Hafliger H, Budliger H. Testicular volume
during adolescence: cross-sectional and lon-
gitudinal studies. Helv Paediatr Acta 1974;
29:61-72.
31. Greulich WW, Pyle SI. Radiographic atlas
of skeletal development of the hand and
wrist. Stanford, Calif.: Stanford University
Press, 1959:256.
32. Bayley N, Pinneau SR. Tables for pre-
dicting adult height from skeletal age: revised
for use with the Greulich-Pyle hand stand-
ards. J Pediatr 1952;40:423-41.
33. Municchi G, Rose SR, Pescovitz OH,
Barnes KM, Cassorla FG, Cutler GB Jr. Effect
of deslorelin-induced pubertal delay on the

Copyright © 2003 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on October 7, 2008 . For personal use only. No other uses without permission. 



n engl j med 348;10 www.nejm.org march 6, 2003

treating short stature in adolescents

917

growth of adolescents with short stature and
normally timed puberty: preliminary results.
J Clin Endocrinol Metab 1993;77:1334-9.
34. Sato T, Uehara T, Sakado K, Sato S,
Nishioka K, Kasahara Y. The test-retest reli-
ability of the Inventory to Diagnose Depres-
sion, Lifetime Version. Psychopathology
1996;29:154-8.
35. Kuczmarski RJ, Ogden CL, Grum-
mer-Strawn LM, et al. CDC growth charts:
United States. Advanced data from vital
and health statistics. No. 314. Hyattsville,
Md.: National Center for Health Statistics,
2000:1-27. (DHHS publication no. (PHS)
2000-1250 0-0431.)
36. Rose SR, Ross JL, Uriarte M, Barnes
KM, Cassorla FG, Cutler GB Jr. The advan-
tage of measuring stimulated as compared
with spontaneous growth hormone levels in
the diagnosis of growth hormone deficiency.
N Engl J Med 1988;319:201-7.
37. Rose SR, Manasco PK, Pearce S, Nisula
BC. Hypothyroidism and deficiency of the
nocturnal thyrotropin surge in children with
hypothalamic-pituitary disorders. J Clin
Endocrinol Metab 1990;70:1750-5.
38. Oerter KE, Uriarte MM, Rose SR, Barnes
KM, Cutler GB Jr. Gonadotropin secretory

dynamics during puberty in normal girls and
boys. J Clin Endocrinol Metab 1990;71:
1251-8.
39. Hibi I, Tanaka T, Tanae A, et al. Influ-
ence of gonadal function on final height in
hGH-treated GH-deficient children. Acta
Paediatr Jpn 1988;30:Suppl:39-42.
40. Idem. The influence of gonadal function
and the effect of gonadal suppression treat-
ment on final height in growth hormone
(GH)-treated GH-deficient children. J Clin
Endocrinol Metab 1989;69:221-6.
41. Hintz RL, Attie KM, Baptista J, Roche A.
Effect of growth hormone treatment on
adult height of children with idiopathic
short stature. N Engl J Med 1999;340:502-7.
42. Leschek EW, Rose SR, Yanovski JA, et al.
Effect of growth hormone treatment on the
final height of children with non-growth
hormone-deficient short stature: a random-
ized, double-blind, placebo-controlled trial.
Pediatr Res 2001;49:Suppl:17A. abstract.
43. Finkelstein BS, Imperiale TF, Speroff T,
Marrero U, Radcliffe DJ, Cuttler L. Effect
of growth hormone therapy on height in
children with idiopathic short stature: a
meta-analysis. Arch Pediatr Adolesc Med
2002;156:230-40.

44. Gryfe CI, Exton-Smith AN, Payne PR,
Wheeler EF. Pattern of development of bone
in childhood and adolescence. Lancet 1971;
1:523-6.
45. Marshall D, Johnell O, Wedel H. Meta-
analysis of how well measures of bone min-
eral density predict occurrence of osteoporot-
ic fractures. BMJ 1996;312:1254-9.
46. Finkelstein JS, Neer RM, Biller BMK,
Crawford JD, Klibanski A. Osteopenia in men
with a history of delayed puberty. N Engl J
Med 1992;326:600-4.
47. Finkelstein JS, Klibanski A, Neer RM.
A longitudinal evaluation of bone mineral
density in adult men with histories of
delayed puberty. J Clin Endocrinol Metab
1996;81:1152-5.
48. Idem. Evaluation of lumbar spine bone
mineral density (BMD) using dual energy
x-ray absorptiometry (DXA) in 21 young men
with histories of constitutionally-delayed
puberty. J Clin Endocrinol Metab 1999;84:
3400-1, 3403-4.
49. Soyka LA, Misra M, Frenchman A, et al.
Abnormal bone mineral accrual in adoles-
cent girls with anorexia nervosa. J Clin Endo-
crinol Metab 2002;87:4177-85.
Copyright © 2003 Massachusetts Medical Society.

images in clinical medicine

The Journal welcomes consideration of new submissions for Images in Clinical 
Medicine. Instructions for authors and procedures for submissions can be found on 
the Journal ’s Web site at http://www.nejm.org. At the discretion of the editor, imag-
es that are accepted for publication may appear in the print version of the Journal, 
the electronic version, or both.

Copyright © 2003 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on October 7, 2008 . For personal use only. No other uses without permission. 


