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Objective: The objective of this study was to analyze the performance of 2 stimulation tests used in the diagnosis of growth hormone de-
ficiency. Method: A retrospective study was conducted on a non-random sample of 310 patients, between 2 and 20 years old, who were 
hospitalized in the Mureș County Hospital’s Endocrinology Department and in the National Institute of Endocrinology C.I. Parhon with short 
stature between 2009-2015. Inclusion criteria: all subjects who underwent growth hormone stimulation tests in accordance with the national 
protocol. Microsoft Office Excel was used for data collection and MedCalc v 12.5 was used for statistical analysis. Results: From the total of 
310 patients, 102 were diagnosed in Târgu Mureș and 208 in Bucharest. Sex ratio favored boys (boys:girls 1.64:1). In 173 subjects growth 
hormone deficiency was confirmed. For both tests the percentage of maximum response was the highest for the 60 minutes blood sample 
regardless if the test were positive or not. Both tests have 100% sensitivity and negative predictive value, with the highest specificity for the 
60 minutes clonidine and 30 minutes insulin. The false positive rate was 60% for the insulin test and 27.2% for clonidine for Târgu Mureș 
sample and 86.9% for the insulin test and 62.5% for clonidine for Bucharest sample. The concordance of the 2 tests was 49.36%. Conclu-
sions: Stimulating growth hormone testing has a number of limitations but is still needed in some auxological circumstances. We recommend 
performing the clonidine test first to exclude idiopathic short stature and then the insulin tolerance test for the diagnosis of growth hormone 
deficiency. 
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Introduction
The growth and development of the child is under the strict 
control of the endocrine system. Since childhood, an impor-
tant role is played by growth hormone-releasing hormone/ 
growth hormone/ insulin-like growth factor 1 (GHRH / 
GH / IGF1) and thyroid hormones, whereas during pu-
berty the main role is played by sex steroid hormones [1,2]. 
The primary function of GH is to promote growth, being 
achieved mainly through IGF1. [3].

A child who is under 2.5 standard deviation (SD) for 
age, sex and population average height, will be classified 
as growth delay, while a child whose measurements exceed 
2.5 SD statistically calculated average, will be diagnosed 
with tall stature [1,2,6,7]. In childhood, the diagnosis of 
growth hormone deficiency should be based on auxology, 
which will allow the comparison of the individual’s growth 
model with the reference values from the growth charts 
[3,9-11]. In order to complete and confirm the diagnosis, 
static laboratory tests will be performed such as GH, IGF1, 
IGFBP or dynamic tests like GH stimulation tests [3,6,12]. 
In all cases of confirmed GH deficiency, it is mandatory 
to perform a magnetic resonance imaging of the pituitary 
gland in order to diagnose all structural anomalies associ-
ated with pituitary dysfunction [6].

Patients who will undergo GH-IGF-1-IGFBP axis 
evaluation belong to one of the following categories: (1) 

severe short stature (height <-3 DS); (2) height <-1.5 DS 
below the target genetic height; (3) medium stature deficit 
(height between -2 and -3 DS) and growth deceleration 
(growth velocity <-1 DS for 2 years or <-2 DS for 1 year); 
(4) history of brain tumor, cranial irradiation or other pi-
tuitary pathology; (5) imaging evidence of pituitary pa-
thology [2,3,6].

Although the routine use of GH-stimulation tests is 
highly controversial [12,15], currently they are included 
in the diagnostic protocol of GH deficiency [3,6,7,10]. 
Stimulation tests are classified into two categories: screen-
ing tests, which include GH value after intense physical 
exercise, food deprivation, levodopa or clonidine stimula-
tion, and definitive tests which include stimulation of GH 
secretion with insulin, arginine or glucagon [3,7]. To in-
crease the specificity of these tests, the results of at least two 
of them are usually combined [3,7,10,16].

In order to establish a positive diagnosis of pituitary 
dwarfism, the national protocol requires the following 
assertions: the height deficit must be minimum 2.5 DS; 
stature deficit between - 2 and - 2.5 DS and the growth 
velocity a year before  2 DS below the average velocity 
for age and sex, or growth velocity in the year before at 
least 1.5 DS below the average for sex and age; in children 
with post-irradiation or postoperative acquired GH defi-
ciency, increase in stature deficit by 0.5 DS per year; bone 
age should be over 2 years late; the child (generally over 
3 years) must have 2 negative GH stimulation tests or 1 
negative test and an IGF I value in serum below the lower * Correspondence to: Iulia Armean
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limit of normal for age; in pubertal patients to exclude the 
transient GH deficiency, priming with sex steroids can be 
performed prior to dynamic GH testing[17]. 

Short stature diagnosis and treatment are quite contro-
versial within the worldwide pediatric endocrinologists 
practice. Growth deficiency has a steady increase in preva-
lence, currently representing at least 2.5% of pediatric pa-
thology in 3 to 16-year-old infant population. Currently, 
the diagnosis and treatment of growth hormone deficiency 
is possible in 6 centers in our country, but with some limi-
tations and differences in GH stimulation testing. 

The aim of this study was to analyze the performance of 
two growth hormone stimulation tests (clonidine and in-
sulin test), by assessing the results obtained in two centers 
in Romania, in Târgu Mureş at the Endocrinology Clinic 
and in Bucharest at the National Institute of Endocrinol-
ogy CI Parhon in order to optimize as much as possible the 
diagnostic and therapeutic protocol of this pathology. 

Method 
We conducted a cross-sectional study on a group of 310 
patients with a suspicion of GH deficiency, aged between 
2 and 20 years, admitted to the Endocrinology Clinic of 
Târgu Mureş and the National Institute of Endocrinology 
CI Parhon Bucharest, between January 2009 and October 
2015. 

A written informed consent was obtained for each pa-
tient included in our study. All data that was used has no 
personal character and it was performed according to the 
Helsinki Declaration. Prior to the inclusion of the patients 
in this study the approval from the head of both endo-
crinology departaments, Târgu Mureș and Bucharest, was 
obtained.

All children suspected with growth hormone deficiency 
((1) severe short stature (height <-3 DS); (2) height <-1.5 
DS below the target genetic height; (3) medium stature 
deficit (height between -2 and -3 DS) and growth decel-
eration (growth velocity <-1 DS for 2 years or <-2 DS for 
1 year); (4) history of brain tumor, cranial irradiation or 
other pituitary pathology; (5) imaging evidence of pitui-
tary pathology), for whom GH-stimulation tests were per-
formed according to the national protocol, were included. 
Patients who presented certain genetic syndromes such as: 
Turner syndrome, Prader Willi, Bardet Biedl, or patients 
who have been small for gestational age were excluded 
from our study. According to the current protocol, GH 
deficiency is defined as GH value of <10 ng / ml during 
2 GH stimulation tests (for each blood sample obtained). 
If IGF1 is lower than the lower limit of normal, a single 
dynamic test is performed.

The test protocols differ between the two centers, espe-
cially regarding blood sampling times. Therefore, in The 
Endocrinology Clinic from Târgu Mureş, for clonidine 
stimulation test, blood samples are collected to obtain a 
basal GH value, then the pharmacological agent is admin-
istered (Clonidine 5 mcg/kg, sau 150 mg/m2, maxim 250 

mcg ) followed by sampling at 30, 60, 90 and 120 minutes. 
In the case of the CI Parhon Institute, the post-administra-
tion of clonidine (same dosages) blood sampling is done at 
60 and 120 minutes. 

For the insulin tolerance test, in Targu Mures, is used the 
same protocol as for clonidine, thereby blood samples are 
collected for basal GH monitoring and then at 30, 60, 90, 
120 minutes after the administration of insulin 0.05-0.1 
UI/kg i.v. în bolus. In Bucharest, after insulin (same dos-
age) administration sampling is done at 30 and 60 minutes.

In order to take into account the dosage of growth hor-
mone obtained from insulin stimulation, the glucose level 
after insulin administration must fall to half the blood glu-
cose fasting level or below 2.2 mmol/ l (40 mg / dl).

Data was collected using Microsoft Office Excel pack-
age, and graph pad prism was used for statistical analysis. 
Discrete quantitative and qualitative binary variables were 
used. For comparison of medians, the Mann-Whitney test 
was performed, chi square test for the performance of diag-
nostic tests and Spearman coefficient for correlation, with 
a significance threshold of alpha = 0.05. 

Results 
Of the total of 310 patients, 102 children were diagnosed 
in Târgu Mures and 208 in Bucharest. Gender ratio fa-
vored boys 1.64:1, accounting for a total of 193 male and 
117 female patients. 

Average age for Târgu Mureş group was 9 years ± 3.8 
years (8.8 for girls and 9.2 for boys), of whom 59 were 
less than 10 years old and 43 had exceeded the average 
prepubertal threshold. Bone age, analyzed for each patient 
according to hand radiography, ranged from 1 to 15 years, 
the mean difference between the bone age and chronologi-
cal age for the first group was 2 years. 

For the Bucharest patients, the average age was 9.7 years 
± 4.1 years (9.6 for girls and 9.7 for boys), 129 of them 
were younger than 10 years and 79 were above this age. 
Bone age ranged from 1 to 17.5 years with a mean differ-
ence between this and the chronological age of 3.4 years. 

We compared the results obtained during the clonidine 
stimulation and insulin stimulation tests for each group.

For Târgu Mureş group, we had 99 patients who un-
derwent clonidine stimulation test and 26 for whom ITT 
was performed. Out of the whole group, only 23 patients 
underwent both stimulation tests. 

We noted that for the patients from Târgu Mureş the 
percentage of cases who had a maximum response during 
the stimulation tests, was the highest for the blood sample 
taken at 60 minutes after the administration of the phar-
macological agent. More precisely for 53.53% of children 
we obtained the highest GH value at 60 minutes after clo-
nidine stimulation and, at the same time of sampling, we 
obtained maximum GH values   for 34.61% of children 
who underwent insulin test (Figure 1). 

For the Parhon Institute group, from the 208 investi-
gated children, 173 were stimulated with clonidine and 
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85 with insulin. Only 56 patients underwent both GH 
stimulation tests. Thus, in Figure 2 we can observe for the 
clonidine stimulation test, 72.25% of the patients had a 
maximum response at 60 minutes after the pharmaco-
logical agent administration, while 27.75% had a positive 
response at 120 minutes. Blood samples collected for the 
insulin test, pointed out that 50.58% of children had a 
maximum response at 60 minutes after insulin administra-
tion, and the rest of 49.42% at 30 minutes (Figure 2).

Of the whole group, for 79 subjects, both stimulation 
tests were performed, 39 (49.36%) were concordant, with 
a gender ratio favoring boys (1.4:1).Regarding the non-
concordant tests, for most cases, insulin testing revealed 
growth hormone deficiency, while the clonidine test re-
vealed adequate stimulation of GH (80%). The kappa 
index of agreement was -0.103 (95%CI -0.261-0.055, 
p=0.220) (Figure 3).

For both samples the performance parameters of the two 
tests were calculated, against the GH deficiency definition 
of a maximum GH value below 10ng/ml during stimula-
tion tests. For both centers the tests have sensitivity and 
negative predictive value of 100%. Specificity and positive 
predictive value   were calculated for each test separately and 
for each group of patients, since the test protocol differs in 
these two hospitals (Table I).

Also, false positive rate was calculated for each sam-
pling moment, and for each test as a whole, by analyzing 
the subjects who underwent both tests. For Târgu Mureş 
group, clonidine at 30 minutes and insulin at 120 minutes 
have the highest false positive rate. In other words, if sam-
ples were taken only at these times, most of the subjects 
would be considered to have growth hormone deficiency 
when they actually had adequate stimulation at other sam-
pling moment. 

For Bucharest group, the maximum false positive rate 
was at 120 minutes for clonidine and 60 minutes for 
insulin. The false positive rates of both tests as a whole, 
are higher than for Târgu Mureş center, where the cloni-
dine test has a false-positive rate of 27.27% (Table II).  
We calculated the number of cases that would be misdi-
agnosed as GH deficiency assessing how many cases were 
stimulated at values   above 10 ng / ml only at a certain time 
of sampling. 

We analyzed the influence of various parameters taken 
into account, on the maximum response to stimulation 
tests. Maximum response to clonidine correlates positively 
with the standard deviation score for height, IGF1 and 
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Table I. Performance of the 2 tests

Center Moment Specificity CI95%  PPV CI95% P

Târgu Mureș Clonidine 30 minutes 6.82% 1.43-18.46% 57.29% 46.78-67.34% <0.08

Clonidine 60 minutes 86.36% 72.66-94.82% 90.16% 79.81-96.31% <0.0001

Clonidine 90 minutes 61.36% 45.44-75.65% 76.39% 64.9-85.63% <0.0001

Clonidine 120 minutes 25% 13.19-40.29% 62.5% 51.56-72.56% <0.0001

Insulin 30 minutes 75% 19.42-99.37% 95.83% 78.86-99.89% 0.0014

Insulin 60 minutes 50% 6.76-93.24% 92% 73.96-99.02% 0.0171

Insulin 90 minutes 50% 6.76-93.24% 92% 73.96-99.02% 0.0171

Insulin 120 minutes 25% 0.63-80.58% 88.46% 69.86-97.55% 0.1481

Bucharest Clonidine 60 minutes 89.1% 77.7-95.9 95.16 89.7-98.2 <0.0001

Clonidine 120 minutes 18.2% 9.1-30.9 72.4 64.9-79.1 <0.0001

Insulin 30 minutes 68.4% 43.4-87.4 92.3 84.01-97.1 <0.0001

Insulin 60 minutes 42.1 20.2-66.1 85.7 75.9-92.6 <0.0001

Fig. 1. Subdivision of subjects according to the maximum re-
sponse of GH to the 2 tests ( Târgu Mureș)

Fig. 2. Subdivision of subjects according to the maximum re-
sponse of GH to the 2 tests (Buchaest)

Fig. 3. The concordance of the  2 diagnostic tests
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negative with BMI. Maximum insulin response correlates 
positively with age, standard deviation score for height, 
and IGF1. Bone age does not correlate with the response 
to any of the stimulation tests (Table III). 

Discussions 
By analyzing the performance of the two diagnostic tests, 
we found that both tests had sensitivity and negative pre-
dictive value of 100%, due to the fact that the current na-
tional protocol imposes a clear cut-off for GH of 10 ng/
ml. Thus we observed that in the case of Târgu Mureş, for 
clonidine stimulation test, the best specificity was obtained 
at 60 and 90 minutes blood sampling. 

For Parhon Institute group, the specificity of the 60 
minutes sample did not differ significantly from the Târgu 
Mures group, while for the 120 minutes sampling, it was 
significantly lower. Actually, it is worth mentioning that in 
case of Târgu Mureş center, for clonidine test, blood sam-
pling at 90 minutes after the administration of the phar-
macological agent, helps in diagnosing a relatively large 
number of children, while the blood sample taken at 30 
minutes does not provide any new cases that are not fur-
ther stimulated at 60 minutes. Therefore, if the elimination 
of the 90-minute blood sampling from the testing method 
can lead to over-treatment of children with growth hor-
mone, possibly due to incomplete diagnosis, the 30 min-
utes blood sampling could be safely ruled out with no risk 
of misdiagnosing these children.

In the case of ITT, for the Târgu Mureş sample, we ob-
tained the highest specificity for the sample taken at 30 
minutes and the lowest at 120 minutes. For the Bucharest 
sample, the specificity of the 30-minute sample was supe-
rior to the 60 minutes one. It is not to be neglected that 
in Târgu Mureş clinic, the 90-minute blood sample after 

insulin administration diagnosed the same number of chil-
dren as the 30-minute one, showing the importance of at 
least 3 blood samples for each test. 

Test performance of these two tests has been analyzed 
in many other clinical trials. One of these studies reports a 
specificity of 79% for ITT in comparison to 85% for clo-
nidine [22]. Another interesting aspect is that it has been 
shown that the specificity of the tests would improve if a 
lower cut-off value was used [12].

All investigations made on the whole studied group, 
both in Târgu Mureş and Bucharest have shown that GH 
deficiency is more commonly diagnosed among male pa-
tients. 

The average age of diagnosis for the entire group was very 
close to the onset of puberty, highlighting the fact that in 
Romania the GH deficit is diagnosed late. Patients should 
be diagnosed before the age of 5 years, because the treatment 
results are closely related to the age when the treatment is 
initiated. The studies recommend to start the treatment at 
an early age in the prepubertal stage, the most relevant re-
sults being noticed in children younger than 4 years [6,24]. 
It is most reasonable to initiate postnatal growth hormone 
treatment when growth deficiency begins to be visible inde-
pendently of the age. Therefore, favorable results have been 
obtained even at the age of 9 months [25].

The diagnostic tests were concordant in less than half of 
the analyzed results.  The large number of non-concordant 
tests reveals that the diagnosis of pituitary dwarfism should 
not be based predominantly on GH stimulation test. Ana-
lyzing the correlations between anthropometric parameters 
and stimulation tests, we obtained statistically significant 
results for the clonidine test in the case of DS for BMI 
and IGF1. There are studies that have shown a relation-
ship between weight, BMI and GHD. Therefore, compar-

Table III. Correlation of anthropometric parameters with the maximum response to stimulation tests

Maximum response to clonidine Maximum response to insulin

Parametre R 95%CI p R 95%CI p

SD height 0.1717 0.052-0.2865 0.0052 0.2897 0.1099-0.4509 0.0020

BA 0.1049 -0.0271-0.2334 0.1190 0.1025 -0.1011-0.2979 0.3230

DS IGF 1 0.2108 0.0886-0.3268 0.0008 0.4455 0.2871-0.5801 <0.0001

Age -0.0598 -0.1775-0.0595 0.3257 0.4655 0.3102-0.5967 <0.0001

SD BMI -0.1781 -0.2928-(-0.0584)    0.0038 -0.0862 -0.2644-0.0975 0.3571
Legend: SD- standard deviation; BA- Bone age; BMI- body mass index; CI- confidence interval; IGF 1- Insulin-like Growth Factor 1

Table II. Fals positive rate

Târgu Mureș sample Bucharest sample

Moment  Fals positive rate Moment Fals positive rate

Clonidine 30 minutes 93.18% Clonidin 60 minutes 10.91%

Clonidine 60 minutes 13.63% Clonidin 120 minutes 81.81%%

Clonidine 90 minutes 38.63% Insulin 30 minutes 31.57%

Clonidine 120 minutes 75% Insulin 60 minutes 57.9%

Insulin 30 minutes 25% Insulin tolerance test 86.9%

Insulin 60 minutes 50% Clonidin test 62.5%

Insulin 90 minutes 50%

Insulin 120 minutes 75%

Insulin tolerance test 60%

Clonidin test 27.27%
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ing the results of a group of children diagnosed with GH 
deficiency and one with an idiopathic small stature, it was 
showed that the BMI mean for the GH deficiency group 
was higher than for those in the idiopathic small stature 
group [26]. Another study asserts that the maximum GH 
value obtained from stimulation tests decreases with the 
increase in DS for BMI. Children who associate obesity 
also have a low value of endogenous GH secretion com-
pared to normoponderal children [27].

In Romania, there are no further studies to analyze the 
clear differences between the protocols used for the GH 
stimulation tests in other reference centers.

Our proposals regarding the national protocol for GH 
deficiency diagnosis would be: minimum 3 blood samples 
for both diagnostic tests studied in order to avoid the in-
correct diagnosis of this pathology or over-treatment whit 
growth hormone; for the clonidine test the most specif-
ic and reliable results are at 0, 60, 90 and 120 minutes, 
whereas for ITT is recommended to assess the 0, 30, 60, 
90 minutes blood samples.

The limitations of the study were: the use of different 
protocols in the centers included in our study, the perfor-
mance of the stimulation tests were calculated separately 
for each group, the results being practically difficult to 
compare; in ITT, there were cases included in the study 
group, for which the blood glucose level after insulin ad-
ministration did not fall below 40 mg/dl or below half the 
baseline blood glucose; and the lack of data that could in-
fluence the diagnosis of GH deficiency, such as: social sta-
tus, possible renal, cardiac or malabsorption disease.

Conclusions 
Our study, revealed a low specificity for insulin tolerance 
test. During the clonidine stimulation test, the maximum 
specificity was obtained at 60-minutes, while in case of the 
insulin stimulation test, it was obtained at 30 minutes. 
Only half of the cases presented concordance between the 
two tests. BMI and DS for IFG1 significantly influence 
clonidine test results, whereas DS for IGF1 and age influ-
ence ITT results. 
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