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Decreased Growth During Therapy
With Selective Serotonin Reuptake Inhibitors
Naomi Weintrob, MD; Daniela Cohen, MD; Yaffa Klipper-Aurbach, MSc; Zvi Zadik, MD; Zvi Dickerman, MD

Background: There is no information on the effects of
selective serotonin reuptake inhibitors (SSRIs) on growth
and puberty in children. We examined growth and growth
hormone secretion in 4 children treated with SSRIs for
various psychiatric disorders.
Design: Case study.
Participants: Four children (3 boys) aged 11.6 to 13.7
years with obsessive-compulsive disorder or Tourette
syndrome.
Main Outcome Measures: Growth, pubertal progression, and hypothalamic pituitary function.
Methods: The patients were treated with SSRIs for 6

months to 5 years (dosage, 20-100 mg/d). All were regularly examined for changes in height and bone age and
for pubertal progression. They also underwent evaluation of somatotrophic axis and hypothalamic-pituitary
axis function.

Results: All 4 patients had growth attenuation. Three

of them exhibited growth retardation at a pubertal stage
when a growth spurt was anticipated. Three had a decreased growth hormone response to clonidine hydrochloride stimulation and 2 to both clonidine and glucagon stimulation, and 1 had decreased 24-hour secretion
of growth hormone that normalized when therapy was
stopped. The rest of the endocrine evaluations were within
reference ranges in all patients. At follow-up, 2 patients
were being treated with somatropin while continuing SSRI
therapy, and the other 2 resumed normal growth after
discontinuation of therapy.
Conclusions: A decrease in growth rate, possibly secondary to suppression of growth hormone secretion, may
occur during SSRI therapy. As the use of this group of
drugs is expected to increase in the young age groups,
larger studies are warranted to investigate their effect on
growth and growth hormone secretion.
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ELECTIVE SEROTONIN reuptake inhibitors (SSRIs) are a
group of antidepressant agents
that have been proved effective in the treatment of various psychiatric disorders. They were recently approved for use in children and
adolescents with obsessive-compulsive
disorder, Tourette syndrome, and other psychiatric disorders.1 The SSRIs have relatively few adverse effects, the most common being gastrointestinal (abdominal
discomfort) and neuropsychiatric (sedation and activation).1,2 There are several anecdotal reports of increased prolactin levels, galactorrhea, and amenorrhea.3,4 An
increasing number of studies in adults have
reported decreased growth hormone (GH)
response to pharmacologic stimulation in
healthy persons and in patients with psychiatric disorders.5-9 Studies in children and
adolescents have not reported on changes
in growth and puberty, either because they
were short-term10,11 or because growth was
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not addressed, these generally being psychiatric and not endocrinologic investigations.10-13 The main adverse effects of youth
treated with SSRIs were insomnia, fatigue,
and abdominal discomfort.2,13 Fairbanks et
al10 reported sleep problems, decreased appetite, abdominal pain, and excitement, all
of them generally transient. However,
pooled analysis of weight changes during
SSRI therapy showed more weight loss during short-term treatment but more weight
gain during long-term treatment.14
We describe 4 children who showed
growth attenuation and decreased GH secretion, with normal weight gain, during
treatment with SSRIs.
REPORT OF CASES

CASE 1
A girl was followed up in our clinic for
short stature from age 9 years 8 months.
She had been born at 36 weeks after an un-

WWW.ARCHPEDIATRICS.COM

©2002 American Medical Association. All rights reserved.
Downloaded From: http://archpedi.jamanetwork.com/ by ajmone claudio on 10/08/2015

PATIENTS AND METHODS
Four children (3 boys) aged 11.6 to 13.7 years were treated
with SSRIs for obsessive-compulsive disorder or Tourette
syndrome. The height of the patients and their parents was
measured with a stadiometer (Harpenden; Holtain Ltd, Crymych, Wales), and growth velocity was calculated during
6-month intervals. Auxologic results were expressed in terms
of SD score (SDS) for age, based on the standards of Tanner and Whitehouse.15 Puberty was assessed according to
Marshall and Tanner16,17 and bone age according to Greulich
and Pyle.18 Target height was determined according to midparental height corrected for sex, by means of standard equations.19 The GH stimulation tests were performed after priming with estrogen (ethynylestradiol, 40 µg/m2 per day for
2 days before testing).20 The clonidine hydrochloride test
was performed with a single oral dose of clonidine hydrochloride (Normopresan; Rafa, Jerusalem, Israel), 150 µg/
m2, and blood samples were drawn at 0, 30, 60, 90, and
120 minutes for GH determination. The glucagon stimulation test was performed with an intramuscular injection
of glucagon, 30 µg/kg (maximum, 1 mg) (Novo Nordisk,
Bagsvaerd, Denmark), and blood samples were drawn at
0, 120, 180, and 240 minutes. Pass levels were defined as
a peak GH level of 10 ng/mL (440 pmol/L) or greater. To
determine 24-hour integrated concentration of GH,
blood was obtained every 30 minutes with a nonthrombogenic continuous withdrawal pump.21 The serum GH,

prolactin, cortisol, and free thyroxine concentrations were
determined with a commercially available solid-phase
chemiluminescent enzyme immunoassay; thyrotropin
concentration, with an immunometric assay that used an
automated analyzer (Immulite; Diagnostic Products Corporation, Los Angeles, Calif ); and 24-hour urinary free
cortisol excretion with radioimmunoassay (Diagnostic
Products Corporation).
The patients’ clinical and laboratory evaluations were
performed as part of the routine procedure for the diagnosis of abnormal growth.
Reasons for referral were short stature (patients 1 and
2), slow growth rate (patient 3), and short stature and overweight (patient 4). The characteristics of the 4 patients are
summarized in Table 1 and the laboratory results in
Table 2. The Figure shows the individual growth velocity curves and pubertal stage before and during SSRI and
GH therapy, where applicable. In all 4 patients, the weight
percentile was consistent during SSRI therapy. None of the
patients had an underlying chronic disease, as indicated by
normal findings for blood chemistry, blood count, erythrocyte sedimentation rate, urinalysis, antigliadin antibodies, thyroid function tests, prolactin levels, 24-hour urinary cortisol levels, or cortisol suppression with 1 mg of
dexamethasone. Brain magnetic resonance imaging was also
performed to rule out brain tumors or malformations. All
4 patients had supportive families; they functioned well at
home and attended regular public school while receiving
SSRI treatment.

Table 1. Pertinent Clinical Data in 4 Patients at Initiation of SSRI Therapy*
Puberty†
Patient No./Sex

CA, y

BA, y

Height,
SDS

Weight,
SDS

Pubic
Hair Stage

TV,
mL/Breast Stage

Type of SSRI

Dose,
mg/d

Duration
of Therapy, y

1/F
2/M

11.6
13.7
15.9‡
12.6§
12.8

11.5
11.5-12.0
13.3
12.5
12.5

−1.8
−1.6
−2.3
−0.7
−0.7

−2.0
0.1
−0.1
0.6
1.6

1
2
4
2
1-2

2
5
12
5
2

Fluvoxamine maleate
Fluoxetine hydrochloride
Fluoxetine
Fluvoxamine
Fluoxetine

50
80
20
100
20

0.5
0.9
0.5
5.0
1.3

3/M
4/M

*SSRI indicates selective serotonin reuptake inhibitor; CA, chronological age at referral; BA, bone age; SDS, standard deviation score; and TV, testicular volume.
†Tanner pubertal stage.16,17
‡Second therapy period.
§Age at referral after 2.5 years of SSRI therapy.

remarkable pregnancy. Birth length was 46 cm and birth
weight, 2280 g (appropriate for gestational age). Growth
was consistent along the fifth percentile, compatible with
her target height (155 cm). At referral, the girl was prepubertal, with no abnormalities on physical examination. Bone age was 8 years 10 months and karyotype was
46,XX. At age 11 years 7 months, therapy with fluvoxamine maleate (Favoxil; Agis Industries Ltd, Yerucham,
Israel), 50 mg/d, was initiated for Tourette syndrome. During the 6 months of fluvoxamine therapy, the patient
showed growth arrest despite the concomitant appearance of Tanner stage 2 pubertal signs and consistent
weight gain; plasma prolactin and thyroid hormone levels were within the reference range. The GH response to
clonidine stimulation after estrogen priming was bor-

derline at 9.4 ng/mL (413.6 pmol/L), and insulinlike
growth factor 1 (IGF-1) level was low for pubertal stage.
At age 12 years 1 month, the fluvoxamine was discontinued, and normal growth velocity of 6.6 cm/y was resumed. On a second clonidine stimulation test performed 4 months after discontinuation of fluvoxamine
treatment, GH level peaked at 18.1 ng/mL (796.4 pmol/L).
CASE 2
A boy was referred to our clinic at age 13 years 8 months
for evaluation of short stature and overweight. He had
been born at term after an unremarkable pregnancy, with
a birth weight of 2850 g. Growth was consistent along
the third percentile, compatible with his target height
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Table 2. Endocrine Evaluation During SSRI Treatment*
GH Peak, ng/mL§

Patient No.
1
2
3
4
Reference range

CA

Puberty†

11.7
12.4㛳
14.6
14.7㛳
13.5
13.8

2
2-3
3
3
3
1-2

TSH, U/mL

24-h Free
Urinary Cortisol,
nmol 䡠 L−1 䡠 24 h−1

IGF-1, nmol/L

1.2

3.4

NA

17.7

9.9

1.7

1.0

106

14.6
6.6
5-20

1.2
1.7
0.8-2.0

2.6
2.5
0.4-4.0

Prolactin,
ng/mL

FT4, ng/dL‡

3.3

NA
93.2
55-248

18.0
39.0㛳
11.8
26.0
T1: 4.8-13.8
T2, T3: 18-50

Clonidine
Hydrochloride
Test

Glucagon
Test

9.4
18.1㛳
11.4
5.1
3.6
ⱖ10

NA
NA
2.6
2.2
ⱖ10

*SSRI indicates selective serotonin reuptake inhibitor; CA, chronological age, FT4, free thyroxine; TSH, thyrotropin; IGF-1, insulinlike growth factor 1;
GH, growth hormone; NA, not available; and T1, T2, and T3, Tanner stages 1, 2, and 3, respectively.
†Tanner pubertal stage.16,17
‡To convert to picomoles per liter, multiply by 12.87.
§To convert to picometers per liter, multiply by 44.
㛳After SSRI discontinuation.

(162 cm). At referral, the patient’s height was at the third
percentile and his weight was at the 60th percentile (body
mass index [calculated as weight in kilograms divided
by the square of height in meters], 24.4). He showed Tanner 2 pubertal signs, and results of physical examination were normal. Bone age was 11.5 to 12.0 years. Immediately after referral, the patient started treatment with
fluoxetine hydrochloride (Flutine; Teva Pharmaceuticals Industries Ltd, Netanya, Israel), 80 mg/d, for obsessive-compulsive disorder. Six months later, growth velocity decreased to 1.4 cm/y, followed by complete growth
arrest for 4 months (age 14.1-14.5 years) but with consistent weight gain. Laboratory investigation showed
normal 24-hour urinary free cortisol level, prolactin level,
and thyroid function. Peak GH level in response to clonidine stimulation was normal, but the mean 24-hour integrated concentration of GH during fluoxetine therapy
was low at a mean±SD of 1.51±2.19 ng/mL (66.44±96.36
pmol/L) (reference, ⱖ3 ng/mL [ⱖ132 pmol/L]).21 The
IGF-1 level was low normal at that time. Brain magnetic
resonance imaging produced normal results. Therapy with
fluoxetine was stopped, and a second GH 24-hour profile was performed 1 month later. Results showed a mean
GH integrated concentration (3.18 ± 4.48 ng/mL
[139.92±197.12 pmol/L]) and an IGF-1 level within their
respective reference ranges, suggesting transient GH neurosecretory dysfunction (probably SSRI induced).22 After 6 months, growth velocity improved to 5.1 cm/y, and
testicular volume increased from 5 mL to 6 to 8 mL. Treatment with fluoxetine was resumed at age 15 years 11
months for 6 months and then was discontinued because of a recurrent decrease in growth velocity to 3 cm/y,
concomitant with progression of puberty from Tanner
stage 3 to stage 4. After cessation of SSRI therapy, the patient exhibited a normal pubertal spurt of 5 to 6 cm/y,
corresponding to his height percentile.15

small for gestational age at 31 weeks because of maternal
preeclampsia, with a birth weight of 900 g. The patient
had received methylphenidate hydrochloride (Ritalin;
Novartis International AG, Basel, Switzerland) from age
5 to 10 years and then switched to combined risperidone
(Risperdal; Janssen Pharmaceutica, Inc, Beerse, Belgium), 1.0 to 1.5 mg/d, and fluvoxamine maleate, 100
mg/d, for treatment of Tourette syndrome and
attention-deficit/hyperactivity disorder. From age 6 to 11
years, he grew along the 25th to 50th height percentile
(midparental height, 174.5 cm). At that time, growth attenuation was first noted. At referral, he was at the 20th
percentile for height and 75th percentile for weight
(body mass index, 22.4). Results of physical examination
were normal, with Tanner stage 2 pubertal signs, and
bone age was appropriate for chronologic age. There
were no signs of Cushing syndrome. During 1 year of follow-up, growth velocity decreased from 4.5 to 2.4 cm/y,
with consistent weight gain, while puberty advanced to
stage 4, with an increase in testicular volume from 5 mL
to 12 to 15 mL and in testosterone level from 58 to 202
ng/dL (2 to 7 nmol/L) (normal ranges for Tanner stages 2
and 4, 17-167 ng/dL [0.6-5.8 nmol/L] and 112-476
ng/dL [3.9-16.5 nmol/L], respectively). Laboratory investigation showed normal suppression of cortisol in response to 1 mg of dexamethasone, and normal prolactin
level and thyroid function. The postpriming peak GH
levels in response to clonidine and glucagon stimulation
were subnormal (Table 2). The IGF-1 levels were low for
pubertal stage. Brain magnetic resonance imaging results
were normal. As treatment with fluvoxamine could not
be stopped, therapy with somatropin was initiated at age
14.5 years, resulting in a marked improvement in growth
rate to 12 cm/y.

CASE 3

A boy was referred for evaluation of overweight at age
12 years 9 months. Perinatal history was unremarkable,
and birth weight was 3200 g. The mother had a history
of delayed puberty. Previous medical history disclosed

A boy was referred to our clinic at age 12 years 7 months
for short stature and slow growth rate. He had been born

CASE 4
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10

8

Case 1
Target Height, 155 cm (–0.90 SDS)

8

Case 2
Target Height, 162 cm (–2.0 SDS)

6

Growth Velocity, cm/y

Growth Velocity, cm/y

6

4

2

4

2

0

0
Puberty:

B1, P1

B2, P1

B2-3, P1

Puberty:

–2

–2
SSRI

8 mL
P3

12 mL
P4

SSRI

15 mL
P5

SSRI

–4

–4
9
14

10

11

12

13

13
12

Case 3
Target Height, 174.5 cm (–0.26 SDS)

12

14

15

17

16

18

Case 4
Target Height, 174 cm (–0.29 SDS)

10

10

8

Growth Velocity, cm/y

Growth Velocity, cm/y

TV 5 mL
P2-3

8

6

4

6

4

2
2
Puberty:

TV 3-5 mL
P1-2

0

12-15 mL
P2

15-20 mL
P4

Puberty:
0

TV 2 mL
P1-2

3 mL
P1-2

SSRI

6-8 mL
P2-3
SSRI

GH

GH

–2

–2
10

11

12

13

14

15

16

12

13

Age, y

14

15

16

Age, y

Growth velocity curves of 4 patients during periodic treatment with selective serotonin reuptake inhibitors (SSRIs) with or without the addition of growth
hormone (GH). SDS indicates standard deviation score; B, breast; P, pubic hair; and TV, testicular volume. Breast and pubic hair were staged according to
Marshall and Tanner.16,17

therapy with methylphenidate hydrochloride, 10 mg/d,
for attention-deficit/hyperactivity disorder since the
age of 7 years. Growth was consistent along the 50th
percentile for height (compatible with the midparental
height of 174 cm) and 90th percentile for weight. On
physical examination, he appeared mildly obese and prepubertal. At the age of 12 years 9 months, obsessivecompulsive disorder was diagnosed and therapy with fluvoxamine maleate, 150 mg/d, was added. It was later
changed to fluoxetine hydrochloride, 20 mg/d. Thereafter, the patient’s growth rate slowed from 5.1 to 2.6 cm/y,
decreasing from the 50th to the 15th height percentile
within 1 year, with consistent weight gain. Laboratory
data showed normal thyroid, prolactin, and 24-hour urinary free cortisol levels. Postpriming GH response to clonidine and glucagon stimulation was subnormal (Table 2).
As fluoxetine treatment could not be stopped, therapy
with somatropin was initiated at the age of 14 years
4 months. Thereafter, growth rate increased to 10 cm/y.
Tanner 2 pubertal signs appeared at age 14.6 years, with
progression to Tanner 4 during the next year while the

patient was receiving combined treatment with SSRIs and
somatropin.
COMMENT

The 4 patients described in this report showed growth attenuation or arrest with normal weight gain during SSRI
therapy, possibly secondary to decreased GH secretion, with
normal progression of puberty in 3 of them and no evidence of chronic disease or abnormalities in other hypothalamic-pituitary functions. These findings suggest a selective impairment of the somatotrophic axis by SSRIs. Our
observation is in line with the studies of Coplan et al6 and
O’Flynn et al5 showing blunted GH secretion during fluoxetine treatment in adults, either in response to clonidine
stimulation in patients with remitted panic disorder or mediated by desipramine hydrochloride (used as a GH stimulation test) in patients with major depression. The central ␣2-noradrenergic pathways serve as major stimulants
of growth hormone–releasing hormone secretion,23 and
the central ␣2-noradrenergic receptors mediate clonidine-
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What This Study Adds
Selective serotonin reuptake inhibitors have been associated with endocrinologic adverse effects in several reports in adults, but there is no information on their effect
on growth and puberty in children. Our study of 4 patients aged 11.6 to 13.7 years receiving selective serotonin reuptake inhibitors for 6 months to 5 years suggests
an isolated effect of therapy on growth and possibly
growth hormone secretion. These data, although limited to only 4 patients, might have important clinical implications in view of the increasing use of these agents
in the management of psychiatric disorders in younger
age groups. The findings are reported to increase the
awareness of psychiatrists and physicians in other fields
who treat and follow up these patients.

induced release of GH.24 Therefore, as desipramine is a
known noradrenergic reuptake inhibitor,25 these studies
suggest that SSRIs affect GH secretion via reduction of central ␣2-adrenoreceptor–mediated GH release.
The new 2-site chemiluminescent assays used currently in most endocrine laboratories for GH determination show lower GH levels, by about 30%.26 However,
using this method, our group27 and others20 reported mean
GH levels of 16 to 20 ng/mL (704-880 pmol/L) in prepubertal and early-pubertal children with short stature.
Therefore, we believe the low levels found on 2 primed
tests in patients 3 and 4 were true lows. An impairment
of the somatotrophic axis is further supported by the low
IGF-1 levels with normal weight gain and normal hypothalamic-pituitary imaging in the absence of evidence of
any chronic disease. Excess cortisol secretion as a cause
of the growth attenuation was also ruled out. In patients
1 and 2, the normal growth before institution of SSRI
therapy and its resumption after the drug’s discontinuation, with concomitant rise in their IGF-1 levels, suggest a causal relationship.
In contrast to the impaired somatotrophic axis in
our patients, prolactin levels and other anterior pituitary functions were normal. Indeed, elevations in prolactin levels have been found in only a small percentage
of SSRI users4 and are apparently dose dependent.3 Of
note is the growth attenuation or arrest in 3 of our patients (cases 1-3) despite the normal progression of puberty and at a point when the growth spurt was expected. This finding is consistent with the study of Urban
and Veldhuis28 showing the normal pulsatile release of
luteinizing hormone during 1 week of fluoxetine administration.
Delayed puberty might cause growth deceleration15
and transient GH deficiency.29 Among our 4 patients, only
patient 4 had delayed puberty, with subnormal GH responses on 2 postpriming stimulation tests. According to
our experience and that of others,20,27 the probability of a
false-positive response on 2 postpriming stimulation tests
is very low.
We are not aware of any studies conducted to date
on the incidence of growth attenuation in children treated
with SSRIs. Our study, in 4 adolescents, suggests an isolated effect of SSRI therapy on growth and possibly GH

secretion. Owing to their high efficacy and low adverseeffect profile, SSRI drugs have become increasingly popular in the treatment of various psychiatric disorders, and
their use during childhood and adolescence is expected
to increase.11 Therefore, knowledge of their effect on
growth and puberty is extremely important. As the large
studies conducted in children and adolescents treated
with SSRIs have not addressed growth, and our study
includes only 4 patients, an individual variation in the
effect of SSRIs on the somatotrophic axis cannot be ruled
out. Larger studies are needed to investigate the effect
of SSRIs on growth and GH secretion and the prevalence of disordered growth in treated children and adolescents. These findings may also raise awareness among
psychiatrists and physicians in other fields who treat and
follow up this patient subgroup.
Accepted for publication March 3, 2002.
We thank Gloria Ginzach and Melanie Kawe for their
editorial and secretarial help. We also thank Clara Weininger, RN, for performing the endocrine tests.
Corresponding author and reprints: Naomi Weintrob, MD, Institute for Endocrinology and Diabetes, Schneider
Children’s Medical Center of Israel, 14 Kaplan St, Petah
Tikva 49202, Israel (e-mail: nweintrob@clalit.org.il).
REFERENCES
1. Labellarte MJ, Walkup JT, Riddle MA. The new antidepressants: selective serotonin reuptake inhibitors. Pediatr Clin North Am. 1998;45:1137-1155.
2. Cheer SM, Figgitt DP. Fluvoxamine: a review of its therapeutic potential in the
management of anxiety disorders in children and adolescents. Paediatr Drugs.
2001;3:763-781.
3. Iancu I, Ratzoni G, Weitzman A, Apter A. More fluoxetine experience. J Am Acad
Child Adolesc Psychiatry. 1992;31:755-756.
4. Bronzo MR, Stahl SM. Galactorrhea induced by sertraline. Am J Psychiatry. 1993;
150:1269-1270.
5. O’Flynn K, O’Keane V, Lucey JV, Dinan TG. Effect of fluoxetine on noradrenergic
mediated growth hormone release: a double blind, placebo-controlled study. Biol
Psychiatry. 1991;30:377-382.
6. Coplan JD, Papp LA, Martinez J, et al. Persistence of blunted human growth hormone response to clonidine in fluoxetine-treated patients with panic disorder.
Am J Psychiatry. 1995;152:619-622.
7. Sargent P, Williamson DJ, Pearson G, Odontiadis J, Cowen PJ. Effect of paroxetine and nefazodone on 5-HT1A receptor sensitivity. Psychopharmacology (Berl).
1997;132:296-302.
8. Lerer B, Gelfin Y, Gorfine M, Allolio B, Lesch KP, Newman ME. 5-HT1A receptor
function in normal subjects on clinical doses of fluoxetine: blunted temperature
and hormone responses to ipsapirone challenge. Neuropsychopharmacology.
1999;20:628-639.
9. Whale R, Clifford EM, Bhagwagar Z, Cowen PJ. Decreased sensitivity of
5-HT(1D) receptors in melancholic depression. Br J Psychiatry. 2001;178:454457.
10. Fairbanks JM, Pine DS, Tancer NK, et al. Open fluoxetine treatment of mixed anxiety disorders in children and adolescents. J Child Adolesc Psychopharmacol.
1997;7:17-29.
11. The Research Unit of Pediatric Psychopharmacology Anxiety Study Groups. Fluvoxamine for the treatment of anxiety disorders in children and adolescents.
N Engl J Med. 2001;344:1279-1285.
12. Emslie GJ, Rush AJ, Weinberg WA, Kowatch RA, Carmody T, Mayes TL. Fluoxetine in child and adolescent depression: acute and maintenance treatment.
Depress Anxiety. 1998;7:32-39.
13. Riddle MA, Reeve EA, Yaryura-Tobias JA, et al. Fluvoxamine for children and
adolescents with obsessive-compulsive disorder: a randomized, controlled
multicenter trial. J Am Acad Child Adolesc Psychiatry. 2001;40:222-229.
14. Sussman N, Ginsberg DL, Bikoff J. Effects of nefazodone on body weight: a pooled
analysis of selective serotonin reuptake inhibitor– and imipramine-controlled trials. J Clin Psychiatry. 2001;62:256-260.

(REPRINTED) ARCH PEDIATR ADOLESC MED/ VOL 156, JULY 2002
700

WWW.ARCHPEDIATRICS.COM

©2002 American Medical Association. All rights reserved.
Downloaded From: http://archpedi.jamanetwork.com/ by ajmone claudio on 10/08/2015

15. Tanner JM, Whitehouse RH. Clinical longitudinal standards for height, weight, height
velocity, weight velocity and stages of puberty. Arch Dis Child. 1976;51:170-179.
16. Marshall WA, Tanner JM. Variations in pattern of pubertal changes in girls. Arch
Dis Child. 1969;44:291-303.
17. Marshall WA, Tanner JM. Variation in the pattern of pubertal changes in boys.
Arch Dis Child. 1970;45:13-23.
18. Greulich WW, Pyle SI. Radiographic Atlas of Skeletal Development of the Hand
and Wrist. 2nd ed. Stanford, Calif: Stanford University Press; 1959.
19. Tanner JM, Falkner F. Use and abuse of growth standards. In: Tanner JM, Falkner
F, eds. Human Growth. New York, NY: Plenum Press; 1986:95-109.
20. Marin G, Domene HM, Barnes KM, Blackwell BJ, Cassorla FG, Cutler GB Jr. The
effects of estrogen priming and puberty on the growth hormone response to standardized treadmill exercise and arginine-insulin in normal girls and boys. J Clin
Endocrinol Metab. 1994;79:537-541.
21. Zadik Z, Chalew SA, Kowarski A. Assessment of growth hormone secretion in
normal stature children using 24-hour integrated concentration of GH and pharmacological stimulation. J Clin Endocrinol Metab. 1990;71:932-936.
22. Spiliotis BE, August GP, Hung W, Sonis W, Mendelson W, Bercu BB. Growth
hormone neurosecretory dysfunction: a treatable cause of short stature. JAMA.
1984;251:2223-2230.

23. Muller EE. Neural control of somatotropic function. Physiol Rev. 1987;67:9621053.
24. Ghigo E, Ballone J, Arvat E, et al. Effects of alpha- and beta-adrenergic agonists
and antagonists on growth hormone secretion in man. J Neuroendocrinol. 1990;
2:473-476.
25. Dinan TG. Psychoneuroendocrinology of depression: growth hormone. Psychiatr Clin North Am. 1998;21:325-339.
26. Rakover Y, Lavi I, Massalah R, Issam T, Weiner E, Ben-Shlomo I. Comparison
between four immunoassays for growth hormone (GH) measurement as guides
to clinical decisions following GH provocative tests. J Pediatr Endocrinol Metab.
2000;13:637-643.
27. Weintrob N, Sprecher E, Josefsberg Z, et al. Combined clonidine-short-ACTH
test for the simultaneous assessment of growth hormone reserve and hypothalamic-pituitary-adrenal axis integrity in children. Eur J Endocrinol. 2000;
143:105-110.
28. Urban RJ, Veldhuis JD. Effect of short-term stimulation of serotoninergic pathways on the pulsatile secretion of luteinizing hormone in the absence and
presence of acute opiate-receptor blockage. J Androl. 1990;11:227-232.
29. Trygstad O. Transitory growth hormone deficiency successfully treated with
human growth hormone. Acta Endocrinol (Copenh). 1977;84:11-22.

(REPRINTED) ARCH PEDIATR ADOLESC MED/ VOL 156, JULY 2002
701

WWW.ARCHPEDIATRICS.COM

©2002 American Medical Association. All rights reserved.
Downloaded From: http://archpedi.jamanetwork.com/ by ajmone claudio on 10/08/2015

