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1  | INTRODUC TION

The diagnosis of growth hormone deficiency (GHD) is currently 
based on clinical, auxological, biochemical and neuro‐radiological 

investigation. The diagnostic workup in a patient with suspected 
GHD includes growth hormone (GH) secretion studies by means 
of stimulation testing. Several stimulation tests for GH secretion 
have been proposed in the last 50 years.1 The GH peak cut‐off was 
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Abstract
Objective: The diagnosis of growth hormone deficiency (GHD) is currently based on 
clinical, auxological, biochemical and neuro‐radiological investigation. Provocative 
tests of GH secretion using physiological/pharmacological stimuli are required to 
confirm GHD. The clonidine test (CT) is widely used to assess GH secretory status. In 
this	retrospective	study,	we	analyzed	the	reliability	of	CT	and	the	effect	of	puberty	
in a large number of children with short stature who had been evaluated for sus‐
pected GHD.
Design and patients: Data were collected retrospectively from 327 children and ado‐
lescents with short stature (204 boys and 123 girls, median age 10.5 years (IQR 
7.90‐12.40) followed in four Italian Paediatric Endocrine Units (Cagliari, Genova, 
Napoli and Roma) between 2005 and 2013.
Measurements:	All	children	underwent	CT	as	the	first	GH	stimulation	test	after	ex‐
clusion of other known cause of their short stature.
Results: In 73 prepubertal children and 25 pubertal children, the GH peak after CT 
was <7 μg/L. GHD was confirmed in 87 (37 organic, 50 idiopathic). Six prepubertal 
and	five	pubertal	patients	showed	false	positive	responses.	The	median	BMI‐SDS	in	
these	children	was	similar	to	that	of	children	with	GH	peak	≥7	μg/L, and none were 
obese. Overall, the prevalence of false‐positive responses was 3.3%. The median 
(IQR) peak GH after CT was similar between prepubertal and pubertal GHD 
(3.80 μg/L [1.7‐6.00] vs 3.51 μg/L [0.76‐5.74]) and non‐GHD (13.70 μg/L [10.70‐18.40] 
vs 12.40 μg/L [9.90‐19.25]) children.
Conclusions: Our results show that CT is a reliable and safe GH‐releasing agent in 
both prepubertal and pubertal children.
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initially set at 5‐7 μg/L, and subsequently increased to 10 μg/L.2‐6 
However, the choice of this single fixed cut‐off level does not take 
into account the type of stimulus nor the variation of the response 
due	to	gender,	age,	puberty,	body	mass	index	(BMI)	and	other	fac‐
tors. The interpretation of the results of the provocative tests has 
proven to be problematic also for other reasons, including non‐phys‐
iological test procedures, and type of assay. In fact, the availability 
of multiple GH assays makes it difficult to compare results across 
different laboratories.7,8 Hence, provocative tests are considered 
to have low reproducibility, specificity and sensitivity.9 Sex steroids 
interact with the GH/IGF‐I axis during puberty.10‐15 Spontaneous 
GH secretion13,16‐20 as well as the response of GH to several stim‐
uli are increased in puberty (physiological or pathological) and also 
after the administration of testosterone or estrogens.11,13,21,22 Due 
to their action on GH secretion, sex steroidal priming is widely used 
to test pituitary function before the onset of the growth spurt. In ab‐
sence of priming, pharmacological and physiological tests may yield 
falsely subnormal responses.23‐27

Clonidine testing is widely used to study GH secretion in chil‐
dren. Clonidine is a central alpha‐adrenergic agonist that effectively 
stimulates GH secretion when administered orally at a dose of 
0.10‐0.15 mg/m2 body surface area.28‐31 We have recently shown 
that after clonidine testing the optimal peak GH cut‐off point, 
measured by chemiluminescent immunometric assay, is 6.8 μg/L 
(LR+33.97, efficiency 96.3%).32

A	number	of	studies	have	addressed	the	diagnostic	accuracy	of	
CT in the diagnosis of GHD. Most of these studies have been per‐
formed in prepubertal children,29,31,33‐36 and some have included 
adolescents or young adults.28,30,37‐39 Given the paucity of the data 
and the contrasting results, it is not clear whether puberty affects 
the GH response to CT and whether CT is a reliable GH‐stimulating 
agent also in adolescents.

The aim of this study was to evaluate the reliability of CT in the 
diagnosis of GHD and the effect of puberty on the GH response to 
CT in a large group of children and adolescents.

2  | SUBJEC TS AND METHODS

Data were collected from 327 children and adolescents with short 
stature, and/or poor growth velocity, (204 boys and 123 girls, me‐
dian age 10.5 years [IQR 4.5], Tanner 1‐5) followed in four Italian 
Paediatric Endocrine Units (Cagliari, Genova, Napoli and Roma) 
between	2005	and	2013.	All	children	underwent	diagnostic	proce‐
dures for suspected GHD according to the consensus guidelines.40 
CT was performed in all the subjects as the first test for GH secre‐
tion after exclusion of other causes for their short stature.

Clonidine was administered at the dose of 0.15 mg/m2 body sur‐
face [square root (height (cm) × weight (kg)/3600)] orally, between 
8.00	and	9.00	AM	after	fasting	overnight.	Blood	samples	were	col‐
lected at times 0, 30, 60, 90 and 120 min for GH determination. 
IGF‐I	was	also	determined	in	all	children	at	baseline.	All	children	with	
a GH peak after CT <7 μg/L underwent a second stimulation test on 

a separate day (at least 2 days apart) with insulin (0.1 U/kg intrave‐
nously) or arginine (0.5 g/kg, max 30 g, over 30 min intravenously). 
Steroid priming was never used in any of the subjects.

All	 children	 with	 a	 GH	 peak	 ≥7	μg/L, normal growth velocity 
for	 age	 and	 no	 other	 recognizable	 cause	 for	 their	 shortness	were	
considered as non‐GHD. Children were subdivided into two groups 
based on pubertal stage according to Tanner41 (group 1, pre‐puber‐
tal Tanner 1, n = 226; group 2, pubertal Tanner 2‐5, n = 101) and into 
two groups according to diagnosis (GHD vs non‐GHD). We then 
analyzed	 separately	 prepubertal	 vs	 pubertal	GHD	children	 (n	=	67	
and 20, respectively) and prepubertal vs pubertal non‐GHD children 
(n = 154 vs 81, respectively).

2.1 | Assays

Serum GH and IGF‐I were measured by chemiluminescent im‐
munometric assay (Immulite 2000; Diagnostic Products Corp, Los 
Angeles,	 CA,	 USA).	 GH	 assay	 was	 calibrated	 against	 the	 recom‐
mended IS 98/574. IGF‐I assay was calibrated against the WHO IRR 
87/518. The sensitivity of the method was 0.01 μg/L for GH and 
0.34 μg/L for IGF‐I. The GH intra‐ and inter‐assay coefficients of 
variation were, respectively, 4.2%‐6.6% and 2.9%‐4.6% at GH levels 
of 2.6‐17 μg/L. The intra‐ and inter‐assay coefficients of variation for 
IGF‐I were 3.4% and 7.1%, respectively. Consistency of assay perfor‐
mance was assessed by regular use of internal controls.

2.2 | Statistics

Height	 standard	deviation	 score	 (SDS)	and	BMI‐SDS	were	derived	
from the Italian curves of Cacciari et al42 HV‐SDS was derived from 
Tanner’s charts.41 IGF‐I‐SDS was calculated using the normative 
data for the method.43	The	data	distribution	was	analyzed	using	the	
Kolmogorov‐Smirnov test. Comparisons between two groups were 
performed using the Student t test for normally distributed variables 
and the Mann‐Whitney U test for not normally distributed vari‐
ables. P	<	0.05	(two	sided)	was	considered	significant.	All	values	are	
reported as median and interquartile range (IQR) (continuous vari‐
ables)	or	as	percentage	(categorical	variables).	All	statistical	calcula‐
tions were performed using GraphPad Prism version 5.1 software, 
Inc	(La	Jolla,	California,	USA).

3  | RESULTS

The main anthropometric, clinical and biochemical characteristics of 
the	subjects	are	summarized	in	Tables	1	and	2.	A	total	of	327	CT	were	
retrospectively	analyzed.	The	peak	serum	GH	ranged	from	0.07	to	
55.7 μg/L, (median 11.10) (Tables 1 and 2). In 98 children (73 pre‐
pubertal and 25 pubertal), the GH peak after CT was <7 μg/L. GHD 
was confirmed in 87 of them (37 organic, 50 idiopathic) (Table 2). The 
remaining 11 (six prepubertal and five pubertal) who failed CT, had 
normal GH responses to a second stimulation test independently 
of the pubertal status (P = 0.66) (Table 3). These children were not 
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obese	and	had	similar	BMI	(P = 0.49) (Table 3). Thus, 2.6% prepuber‐
tal and 4.8% pubertal subjects showed false positive responses to 
CT, giving an overall rate of false positive responses of 3.3%.

The median GH peak was similar between groups 1 (11.1 μg/L, 
[6.17‐16.00]) and 2 (11.0 μg/L, [7.10‐17.00]). Likewise, median IGF‐1 
SDS	 values	 were	 similar	 between	 group	 1	 (−0.91	 SDS,	 [−1.85	 to	
−0.27])	and	group	2	(−1.30	SDS,	[−2.00‐	−0.39])	(Table	1).

The median GH peak was significantly lower in the GHD group 
(3.80 μg/L, [1.40‐5.90]) than in the non‐GHD group (13.4 μg/L, 
[10.20‐18.63], P	<	0.0001)	 (Table	2),	also	after	controlling	for	BMI.	
The median baseline IGF‐I SDS was also significant lower in GHD 
subjects	(−1.77	SDS,	[−2.24	to	−0.82])	than	in	non‐GHD	(−0.85	SDS,	
[−1.65	to	−0.13],	P < 0.0001).

When	the	effect	of	puberty	was	separately	analyzed	in	GHD	and	
non‐GHD, there was no difference in the median GH peak between 
prepubertal and pubertal subjects (Table 4). The median IGF‐I‐SDS 
was significantly higher in pubertal vs prepubertal non‐GHD sub‐
jects whilst there was no difference between prepubertal and pu‐
bertal GHD patients.

Clonidine was well tolerated and caused no major side effects 
apart from a transitory slight reduction of blood pressure and 
sleepiness.

4  | DISCUSSION

In this study, we showed that CT is a reliable GH stimulation test 
in a large cohort of children and adolescents with suspected GHD. 
This was done using a previously validated cut‐off.32 In addition, we 

All subjects (n = 327)
Group 1 
(n = 226)

Group 2 
(n = 101) P value

Gender (m/f) 204/123 139/87 65/36

Age	(y) 10.50 (7.90 to 12.40) 9.15 (6.17 to 
10.90)

13.10 (12.00 to 
14.45)

<0.00

Pubertal status 
(prep/pub)

226/101 226/0 0/101

H‐SDS −2.40	(−2.8	to	−2.0) −2.36	(−2.75	to	
−1.90)

−2.60	(−3.05	to	
−2.05)

0.01

BMI‐SDS −0.46(−1.24	to	0.30) −0.48	(−1.25	to	
0.30)

−0.42	(−1.26	to	
0.38)

0.84

IGF‐I SDS −1.06(−1.90	to	−0.31) −0.91	(−1.85	to	
−0.27)

−1.30	(−2.00	to	
−0.39)

0.16

GH peak μg/L 11.10 (6.31 to 55.7) 11.1 (6.17 to 
16.00)

11.0 (7.10 to 
17.00)

0.47

BMI,	 body	mass	 index;	GH,	 growth	 hormone;	H,	 height;	 IGF‐I,	 insulin‐like	 growth	 factor‐I;	 SDS,	
standard deviation score.

TA B L E  1   Main clinical and laboratory 
characteristics of the children studied. 
Group1 and Group 2 prepubertal and 
pubertal	children,	respectively.	All	values	
are reported as median and interquartile 
range (IQR)

TA B L E  2   Main clinical and laboratory characteristics of the 
GHD and non‐GHD groups

GHD (n = 87)
NON‐GHD 
(n = 240) P value

Gender (m/f) 44/43 160/80

Age	(y) 10.25 (7.60 to 
12.08)

10.54 (8.00 to 
12.50)

0.47

Pubertal status 
(prep/pub)

67/20 159/81

H‐SDS −2.40	(−2.90	to	
−1.90)

−2.43	(−2.80	to	
−2.00)

0.84

BMI‐SDS 0.08	(−1.00	to	
1.00)

−0.60	(−1.38	to	
0.08)

<0.00

IGF‐I SDS −1.77	(−2.24	to	
−0.82)

−0.85	(−1.65	to	
−0.13)

<0.00

GH peak μg/L 3.80 (1.40 to 
5.90)

13.40 (10.20 to 
18.63)

<0.00

All	values	are	reported	as	median	and	interquartile	range	(IQR).
BMI,	body	mass	index;	GH,	growth	hormone;	GHD,	growth	hormone	de‐
ficiency; H, height; IGF‐I, insulin‐like growth factor‐I; SDS, standard de‐
viation score.

TA B L E  3   Main clinical and laboratory characteristics of the 
non‐GHD subjects who failed CT

Prepubertal, 
n = 6 Pubertal, n = 5 P value

Gender (m/f) 4/2 2/3

Age	(y) 11.45 (10.75 to 
12.09)

12.6 (11.95 to 
14.65)

0.05

GH peak μg/L 4.94 (3.15 to 
6.52)

6.20 (1.74 to 
6.90)

0.92

H‐SDS −1.25	(−2.00	to	
−0.65)

−2.16	(−3.25	to	
−1.55)

0.09

BMI‐SDS −0.65	(−1.42	to	
1.03)

−0.36	(−2.41	to	
−0.14)

0.66

IGF‐I SDS −0.88	(−1.57	to	
−0.27)

−2.04	(−2.70	to	
−0.85)

0.12

All	values	are	reported	as	median	and	interquartile	range	(IQR).
BMI,	body	mass	index;	GH,	growth	hormone;	H,	height;	IGF‐1,	insuline‐
like growth factor‐1I; SDS, standard deviation score.
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confirmed that GH response to CT is not influenced by puberty, al‐
though IGF‐I concentrations were higher in the pubertal than in the 
pre‐pubertal period in non‐GHD subjects. Most importantly, GH 
was measured in the different laboratories using the same assay.

It is well accepted that random serum GH measurement is not 
useful in the diagnosis of GHD. For this reason, GH provocative tests 
have	been	introduced	many	years	ago,	and	despite	their	recognized	
poor diagnostic accuracy1,3,4,6‐9,44,45 GH stimulation testing is a rou‐
tine	procedure	 in	most	 paediatric	 endocrinology	 centres.	Although	
current guidelines still indicate a cut‐off of 10 μg/L,40 this value is not 
supported by robust clinical data. We have recently shown that the 
best cut‐off for GH peak after CT, measured by chemiluminescent 
immunometric assay, is 6.8 μg/L, with an efficiency of 96.3%.32 In 
this study, we found that when applying a cut‐off of 7 μg/L, 11 sub‐
jects (six prepubertal and five pubertal) failed CT but showed normal 
GH responses to a second stimulation test, yielding an overall false 
positive responses rate of 3.3%. Puberty11,14,15	 and	 BMI46,47 may 
account for the variability of GH responses following stimulation 
testing.

Spontaneous GH secretion increases at puberty.10,12,13,16 GH 
responsiveness to stimulation testing after ITT,48 arginine,24,25 
physical exercise24 and GH‐releasing peptides21 has also been 
shown to increase during puberty or after sex steroid priming. 
Puberty does not influence GH responsiveness after GHRH or 
PD+GHRH.49	Although	CT	is	one	of	the	most	widely	used	GH	stim‐
ulation test,28‐31,33‐38,40,44,45,50,51 it is still unclear whether the GH 
response	 is	 affected	by	pubertal	maturation.	Gil‐Ad	et	 al	 in	1979	
demonstrated for the first time in 18 children that clonidine was an 
effective GH‐stimulating agent in prepubertal and adolescent sub‐
jects.26	A	number	of	studies	have	confirmed	the	utility	of	the	CT	in	
the diagnosis of GHD,28‐39,47,50 but most of these studies have been 
performed in prepubertal children,29‐31,33‐36,50 and none has specif‐
ically addressed the effect of puberty on the rate of false positive 
responses in a large number of subjects. Fraser et al50 studied 41 
children and adolescents and concluded that CT produces less false 
subnormal responses than ITT. Cavallo et al tested 34 subjects and 
found no difference between prepubertal and pubertal children.39 
More	 recently	Borges	 et	 al38 aimed to establish cut‐off values of 

CT using a different dose of clonidine (0.10 mg/m2) in a cohort of 
225 short children and adolescents, and found no difference be‐
tween prepubertal and pubertal subjects. Here, we have shown 
that the GH response to CT and the rate of subnormal false positive 
responses is similar between prepubertal and pubertal children. 
Whether sex steroid priming reduced the number of false positive 
responses in our study requires further investigation. It has been 
previously shown that steroid priming does not affect the number 
of falsely subnormal responses to CT in one study27 and does not 
reduce the number of false positive responses in another.26 Hence, 
it	seems	unlikely	that	“physiological”	sex	steroid	priming	would	have	
caused a reduction of the already low number of falsely subnormal 
responses in the subjects included in our study.

IGF‐I measurement is useful in the diagnosis of GHD although 
with some limitations. The regulation of IGF‐I secretion and action 
is	 complex,	 and	many	 factors,	 including	 age,	 BMI,	 physical	 fitness,	
glucocorticoids,	sex	steroids	and	increased	IGFBP‐3	binding	capac‐
ity, are potential determinants of IGF‐I serum concentration.8,9,45 In 
addition, the normal range in young non‐GHD children overlaps with 
the range found in children with GHD.45	As	expected,	IGF‐I	concen‐
trations in this study rose with puberty only in the non‐GHD children, 
confirming the well‐known effect of puberty on the GH/IGF‐I axis.13‐

20 Not surprisingly, mean IGF‐I concentrations were significantly 
lower in the prepubertal and pubertal GHD children, although with 
overlapping values. These data are in accordance with our previous 
studies	showing	that,	despite	 IGF‐I	alone	 is	characterized	by	a	 low	
diagnostic accuracy, it is useful in combination with the results of 
GH stimulation testing and increases the diagnostic accuracy of the 
latter.32

BMI	has	a	profound	 influence	on	GH	secretion.	Spontaneous	
as well as stimulated GH secretion is decreased in obese sub‐
jects52 and the GH response to several stimuli including clonidine 
is	negatively	correlated	with	BMI.46,47 However, the 11 children in 
this	study	who	failed	the	CT	were	not	obese	and	their	BMI‐SDS	
was similar to that of the responsive children. These results in‐
dicate	that	 factors	other	 than	puberty	and	BMI	may	account	 for	
their subnormal false positive responses. In this regard, it must 
be considered that GH secretion is episodic and is driven by the 

TA B L E  4   Comparison between prepubertal and pubertal GHD children and prepubertal and pubertal non‐GHD children

GHD

P

NON‐GHD

PPrepubertal (n = 67) Pubertal (n = 20) Prepubertal (n = 159) Pubertal (n = 81)

Gender (m/f) 33/34 11/9 106/53 54/27

Age	(y) 9.66 (7.00 to 11.25) 12.60 (11.55 to 14.25) <0.00 9.00 (6.10 to 10.70) 13.10 (12.00 to 14.50) <0.00

H‐SDS −2.53	(−3.11	to	−2.00) −2.15	(−2.62	to	−1.38) <0.01 −2.30	(−2.70	to	−1.90) −2.70	(−3.20	to	−2.25) <0.00

BMI‐SDS 0.05	(−0.97	to	0.84) 0.84	(−1.06	to	1.39) 0.23 −0.61	(−1.37	to	0.06) −0.56	(−1.40	to	0.18) 0.09

IGF‐I SDS −1.75	(−2.17	to	−0.77) −1.91	(−3.30	to	−0.91) 0.49 −0.75	(−1.42	to	−0.04) −1.20	(−1.81	to	−0.31) 0.04

GH peak μg/L 3.80 (1.70 to 6.00) 3.51 (0.76 to 5.74) 0.20 13.70 (10.70 to 18.40) 12.40 (9.90 to 19.25) 0.5

All	values	are	reported	as	median	and	interquartile	range	(IQR).
BMI,	body	mass	index;	GH,	growth	hormone;	GHD,	growth	hormone	deficiency;	H,	height;	IGF‐I,	insuline‐like	growth	factor‐I;	SDS,	standard	deviation	
score.
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pulsatile and opposite action of GH‐releasing hormone and soma‐
tostatin. Therefore, the response to stimulation testing may be 
influenced by the pattern of GH secretion preceding the stimulus, 
that is whether the latter is administered during a spontaneous 
peak or trough of GH secretion.53 For these reasons, a second or 
even a third stimulation test may be required to confirm or exclude 
GHD in children who fail CT.54

The low rate of subnormal false positive responses observed in 
our study suggests that CT is effective and reliable in both prepu‐
bertal and pubertal children and that there is no need for sex steroid 
priming. Despite the disadvantage of being retrospective, our study 
has the advantage of being conducted on a well‐selected, large pop‐
ulation of short children and adolescents using the same testing pro‐
cedures and the same GH and IGF‐I assays.

In conclusion, this study demonstrates that using a validated cut‐
off of 7 μg/L, CT is reliable in the diagnosis of GHD in children and 
adolescents and that steroid priming may not be required. The oral 
CT is safe and simple to perform and may be used as the first GH 
stimulation test in the evaluation of short children with suspected 
GHD.
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