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Abstract

Context Growth hormone (GH) deficiency in a child with short stature is diagnosed by GH secretion provocative tests.
When the test response is considered adequate, the short stature is considered idiopathic (ISS).

Objective To determine the effect of GH provocative tests on the growth rate in children with idiopathic short stature.
Design Children with short stature with a normal response to at least one GH provocative test were enrolled. Height and
growth velocity were measured prior to and after stimulus tests during the follow-up.

Methods Height, mid-parental height, body weight, and body mass index were measured. The height and growth rate were
converted to percentiles and Standard Deviation Scores (SDS) using reference ranges standardized by age and sex. GH
provocative tests employed arginine or clonidine as secretagogues.

Results Fourty-six children of both genders were enrolled. In thirty-six children, height was measured at the time of testing
and on an average time prior to and after the tests of 210 days and 180 days respectively. After testing the children displayed
a 3.4-fold increase in their estimated 90-day growth rate. The median (inter-quartile range, IQR) 90 days growth of children
pre-and post-tests were 0.7 (0.2-1.0) cm and 2.4 (1.7-3.1) cm respectively with a mean 3,4-fold increase (p <0.0001). The
median (IQR) 90 days growth of children pre- and post-tests calculated as standard deviation scores (SDS) were —4.0
(=5.4-—2.1) SDS and 0.1 (—1.9-1.4) SDS respectively (p <0.0001). Ten children with ISS were observed for about
5 months before the GH provocative tests. A small increase in the growth rate was seen only in 2 out of 10 children before
testing while it increased in all of them after the tests. The difference in the median growth rate at the first and the second
observation was not significant (p =0.219).

Conclusions Two sequential somatotropic axis provocative tests increase the growth rate in children with idiopathic short
stature. The duration of this effect is yet to be determined.

Keywords Growth hormone deficiency - Short stature * GH provocative tests

Introduction which respectively stimulates and inhibits its release [1].

GH secretion is also controlled by a complex negative
Growth hormone (GH) secretion, synthesized in the anterior feedback mechanism mediated by Insulin-like Growth
pituitary gland, is regulated by the coordinated action of GH  Factor (IGF-1) which exerts its inhibitory action both at
GH-releasing hormone (GHRH) and Somatostatin (SS)  hypothalamic and pituitary levels [1]. Other hormones,
including sex steroids, glucocorticoids, gastrointestinal
peptides, and some glucometabolic pathways participate in
the secretory regulation of GH which is characterized by
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administration, which is currently the only accepted treat-
ment for patients with GHD. Although it is difficult to
extract an exact prevalence rate of GH deficiency, it is
considered a rare cause of short stature, with an incidence of
about 1/4000 born alive [6].

GHD diagnosis during developmental age is based upon
clinical evaluation associated with laboratory assessment of
the GH/IGF-1 axis and radiological investigations [7]. GH
physiological values are pulsatile and low and the available
tests have a poor sensitivity, making serum GH dosage
insufficient to document a lack of secretion. Therefore, in
the absence of congenital forms and/or malformations of the
adenohypophysis, peduncle, and/or neurohypophysis, GHD
diagnosis requires GH secretion provocative tests.

Secretory dysfunction is confirmed when the GH peak
does not reach the established cut-off in at least two dif-
ferent stimulus tests performed on two different days [7].
Several provocative tests have been proposed in the last
decades, namely GHRH, insulin hypoglycaemia, clonidine,
arginine, L-dopa, and glucagon [8].

The Italian Medicines Agency (AIFA) established with
the last Note 39, a cut-off value of GH <8 ng/mL in two
provocative tests performed on different days to diagnose
GHD in children. Only the children with GHD according to
the Note 39 have access to thGH therapy reimbursement.
Consequently, several children with short stature and/or
pathological deflection of growth velocity are tested for
suspected GHD but are not treated with thGH because they
have a response equal to or above the cut-off of 8 ng/mL to
one of the two stimulus tests and are diagnosed to have
idiopathic short stature (ISS).

We followed by repeated stature measurements over
time, children with pathological short stature tested for
suspected GH deficiency, who responded well to GH pro-
vocative tests, and as a consequence were diagnosed to have
ISS and were not treated with rhGH.

Patients and methods

Male and female children, suspected of GH deficiency but
with normal response to two GH provocative tests, were
selected. Auxological data (height and growth velocity)
were recorded pre and post-stimulus tests and during sub-
sequent follow-ups over time. The study protocol was
approved by the institution’s ethics committee (Comitato
Etico Campania Sud), and all the participating parents gave
their written informed consent.

Subjects

Children of both genders, with pathological short stature
(h < 3°percentile) and/or annual growth rate <—2 SDS were
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tested with two GH provocative tests performed on different
days by using arginine or clonidine. For children with GH
peak > 8ng/mL at least one provocative test entered the
study if previously they had been diagnosed endocrino-
pathies, other organ dysfunction, autoimmune diseases,
genetic syndrome, or current drug therapies were excluded.
All children enrolled were adequate for gestational age at
birth and had normal body proportions at the time of
enrolment; moreover, all patients were prepubertal and
during the follow up remained at the same stage according
to the Tanner scale.

Height and growth rate measurements

Monthly, the body weight was measured with a standard
balance while the height with a standard stadiometer with a
variability of 0.1 kg and 0.1 cm, respectively. Inter- and intra-
operator variability was 0.3 cm. Values for height and weight
were converted to percentiles and Standard Deviation Scores
(SDS) using reference ranges standardized for Italian children
[9]. The body mass index (BMI) was calculated as the ratio
between weight in kg and height in square metres (kg/m?2).
The mid-parental height (MPH), expressed in cm, was cal-
culated according to Tanner’s method: boys: (father’s height +
13 + mother’s height)/2; girls (father’s height — 13 +
mother’s height)/2. The pubertal stage was assessed pre and
post-stimulus test at the time of height measurement, bio-
chemically by measurement of FSH, LH, total testosterone (in
males), 17-B-estradiol (in females), and clinically according to
the Tanner stages; specifically, for females with breast devel-
opment and for males with testes volume checked using Pra-
der’s orchidometer [10].

Growth velocity was assessed by the Italian Society of
Pediatric Endocrinology (SIEDP) calculator which con-
verted its value to SDS using reference ranges standardized
for age and sex (version 0011, 2019).

At baseline, before GH provocative tests, all subject’s
height, weight, BMI, and MPH were recorded and personal
and family histories were investigated. Furthermore, in
addition to general blood tests, to exclude other pituitary
deficiencies and to monitor pubertal development, thyroid
stimulating hormone, free thyroxine and triiodothyronine,
adrenocorticotropic hormone, cortisol, follicle-stimulating
hormone, luteinizing hormone, and gonadal steroid hor-
mones were assessed.

GH provocative tests

IGF-1 level was detected using a double solid-phase che-
miluminescent immunometric assay while GH was mea-
sured using a simultaneous immuno-enzymatic assay.

GH secretion was determined by using arginine or
clonidine as secretagogues; in particular, after overnight
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fasting, an intravenous catheter was administrated in the
antecubital vein to infuse, in 30 min, arginine (arginine
hydrochloride, 30% solution, S.a.l.f. Spa, Bergamo, Italy)
at a dose of 0.5 g/kg (maximum 30 g); clonidine (Cata-
presan, Boehringer, Germany), instead, was admini-
strated orally at a dose of 0.1 mg/m?. Blood pressure was
strictly monitored during the whole procedure and blood
samples were taken at baseline, 30, 60, 90, and 120 min
after stimulus administration. All children had both tests
on different days at one-week intervals.

According to current indications of the Italian Medicines
Agency (AIFA) established with the last Note 39, a cut-off
value of GH < 8 ng/mL, in two provocative tests performed
on different days, was considered subnormal to diagnose
GHD in children.

Statistical analysis

Data are presented as absolute value or median and
mean + standard deviation or quartiles. Normal distribution
was assessed by the Shapiro—Wilk statistic. Normally dis-
tributed variables were compared using the paired T-Student
test, and non-normally distributed variables by the Wilcoxon
signed-ranks test. p values<0.05 were considered sig-
nificant. Data analyses were conducted with SPSS Statistics
version 26 (IBM Corp. Armonk, N.Y., USA).

Results

Thirty-six children, 17 females, and 19 males, of average
age 11 years and 2 months (range 8.8—13.8) were tested
for GHD with two GH provocative tests. All the patients
displayed a GH equal to or above 8 ng/mL and did not
enter the treatment program with recombinant human
growth hormone (thGH) (Table 1). According to the
parents survey it was established that during the follow-
up the children’s habits and diet remained unchanged. All
patients remained pre-pubertal before and after

Table 1 Features of enrolled children at test time

Age (years) (range, mean + SD)
Gender

8.8—13.8 11 years, 2 months + 2

19 males, 17 females

Height (cm, mean = SD) 130.8 +11.1
Height (SDS) —2.0+0.5
MPH males (cm) 172.4£4.2
MPH males (SDS) — 0,63

MPH females (SDS) —0,73

MPH females (cm) 158.3+6.2
BMI (Kg/m?) 17.9+3.1
BMI SDS +0.125+1.2

(180 days) the stimulus tests as demonstrated by both
FSH, LH, total testosterone, and 17-beta estradiol levels
and Tanner stage.

The pre-tests children growth rate’s value was normal-
ized to 90 days and was determined by measuring their
height at test time and at an average time of 210 days
(range 43-473, SD + 153) before. The measurements were
repeated at an average time of 180 days (range 65-598,
SD = 110) after the tests. All children, both females and
males displayed an increase of their growth after the tests
(Fig. 1A). The median (inter-quartile range, IQR) 90 days
growth of children pre- and post-tests were 0.7 (0.2-1.0)
cm and 2.4 (1.7-3.1) cm respectively with a mean 3, 4-fold
increase (p <0.0001) (Fig. 1B). Furthermore, among our
patients only two were affected by delayed puberty, both
males and with a similar increase in growth velocity after
the stimulus test. Due to the lockdown during the COVID-
19 pandemic, the GH provocative tests of some children
were delayed. When performed about 5 months after the
first measurement (156 =87 days), 10 children were diag-
nosed to have ISS. Hence, this represents a control group of
children. While all 31 children of the first group showed an
increase in their growth rate after testing, in the 10 children
whose testing was delayed, the growth rate increased
slightly in 2, remained unchanged in 3, and decreased in 5
before the tests (Fig. 2A). The growth rate increased after
the tests in all children. The median (IQR) 90 days growth
of children at first, second observation before the tests and
after the tests were 0.7 (0.46-0.99) cm, 0.6 (0.41— 0.94)
cm (p=0.861) and 2.3 (1.9-3.7) cm (p =0.001) respec-
tively (Fig. 2B).

The children’s growth rates before and after the tests
were calculated also as standard deviation scores (SDS)
considering sex and age. All children had a growth rate
before the tests below the mean, ranging from —0.57—
—7.81 SDS (Fig. 3A). At the measurement after the tests,
the growth rates of all the children had increased. Eigh-
teen raised above the mean and eighteen increased
remaining below the mean. The median (IQR) growth
rate of children pre- and post-tests were —4.0
(—5.4——2.1) SDS and 0.1 (—1.9-1.4) SDS respectively,
a difference highly significant (p <0.0001) (Fig. 3B).

The median (IQR) height of children at tests time was
132.0 (129.3-139.0) cm, the expected median (IQR) height
180 days after the tests considering their pre-tests growth
rate, was 132.9 (130.3-141.5) cm and the measured height
180 days after the tests was 135.5 (132.6-144.6) cm
(p<0.0001), a difference of 2.6cm (Fig. 4A). Also, the
final post-tests height calculated as SDS (—2.0 (—2.5——1.6)
was higher than expected height after 180 days considering
their pre-tests annual growth rate (—2.5 (—3.0--2.0),
p <0.0001) (Fig. 4B).
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Fig. 2 Growth of children with ISS before GH stimulation tests.
A individual estimated 90 days of growth at the first observation time
(TO), at the second observation before tests (PRE-tests), and after tests

8 . O PRE-tests
mPOST-tests

Growth rate (SDS)

Fig. 3 Effect of GH stimulation tests on growth rate of children with
ISS. A individual estimated 90 days growth rate before tests time
(PRE-tests) and after (POST-tests). B mean (x) median, quartiles, and
individual values of growth rate. SDS, standard deviation scores.

Discussion

Diagnosis of GHD in children with short stature is based on
the assessment of GH peak in two stimulation tests. However,
a correct diagnosis remains a challenge because there is not a
general agreement on the cut-off peak that distinguishes GHD
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mean, SD, Q1, Q3 pre-test and post-test respectively: —4.0, —3.9, 2.1,
—5.4,2.1and 0.1, 0.1, 2.6, —1.9, 1.4

from ISS. The Endocrine Society has adopted a 4.1 ng/mL
peak GH [11, 12], whereas the GH Research Society and other
medical societies, including the European Society of Endo-
crinology, suggest peak GH cut-off limits ranging from 4.2 to
11.5 ng/mL based on BMI [12-14]. In our study, all children
enrolled displayed a GH peak above 8 ng/mL after the two
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Fig. 4 Effect of GH stimulation tests on the height of children with
ISS. Effect of GH stimulation tests on the height of children with ISS.
A mean (x), median, quartiles, and individual values of height of
children at test time (TT), expected height after 180 days based on the

stimulus tests, the cut-off chosen by the AIFA for thGH
therapy reimbursement. The idiopathic nature of the short
stature of these children is supported also by the projected
adult height based on the height of the parents. Indeed, the
mid-parental height (172.4 £4.2 in boys, 158.3 £6.2 in girls)
was below the Italian mean (176 cm in males, 163 cm in
females), according to Cacciari growth charts for height [9].

Hereupon based on tests response, the enrolled children
were considered to have ISS and left untreated. In the
absence of evidence of the origin of the short stature, spe-
cific advice was not given, and the children’ss habits and
diet remained unchanged during follow-up.

Despite that, an unexpected significant increase in the
growth rate after the tests was shown by all children. In both
females and males, mean growth normalized at 90 days
increased from 0.7 cm prior to testing to 2.4 cm measured at
an average time of 180 days after the tests, displaying a
mean 3.4-fold increase.

It is remarkable that the growth rate of the control group of
children with ISS after 5 months of observation before the tests
did not change, while it increased after the tests.

Because a minimal change in the growth rate is expected
with the age increase also at a short interval, we determined
the growth rate as SDS. Even by this measurement, the mean
growth rate increased from —4.0 before the tests to +0.3 after
the tests. Thus, not only did the growth rate increase but it was
even slightly higher than the mean of normal Italian children.
It is noteworthy that, despite the children being of different
genders and ages, all displayed a growth rate increase, with 18
of them rising above the mean. We searched by Spearman
Rank for a correlation between increased growth rate and age
or growth rate prior to testing without finding anything.
Importantly, the growth observed in all patients was inde-
pendent of pubertal development as both FSH, LH, total tes-
tosterone, and 17-beta estradiol levels and tanner pubertal
stage remained pre-pubertal before and after the stimulus tests
at the time of height measurement (mean 180 days).

p<0.0001

Height (SDS)
A A b bbb iioaan

T E1 PT1

pre-tests annual growth (E1), and real height measured 180 days after
the tests (PT1). B mean, median, quartiles, and individual values of
heights expressed as SDS. Variables were compared using the Wil-
coxon’s signed-rank test

In conclusion, these data indicate that two sequential
somatotropic axis provocative tests increase the growth rate
in prepubertal children with ISS and that this effect is not
related to pubertal development. We do not have an
explanation for this unexpected phenomenon. One possi-
bility is a prolonged increase of GH after the second GH
provocative test, or the tests could modify the GH secretion
modality and alter the pulsatile GH secretion pattern. In
men, pulsatile GH secretion occurs during the day, with a
rhythmicity of about 2h. Pulsatile GH secretion is con-
sidered important for its physiological effects. In hypo-
physectomised rats given continuous or pulsatile GH
infusion, growth was stimulated maximally by pulsatile GH
levels [15]. An alternative explanation is a prolonged IGF-1
increased production or an increased sensitivity of the
growth plate to GH/IGF-1.

Initially, in fact, it was thought that IGF-1 was produced
exclusively by the liver and its expression was completely
dependent on GH [16]; subsequently, it was demonstrated that,
in addition to the liver, IGF-1 is produced, together with GH,
also by the same cells on which both hormones exert their
action through autocrine and paracrine mechanisms [16].

GH, we know, has a direct effect on bone [16]; if
added to chondrocyte cultures, it was able to promote its
proliferation [17] that depends, in part, on the local and
GH-mediated synthesis of IGF-1 [18], as shown by
in vitro experiments on stimulated chondrocytes from
GH, in which the simultaneous administration of anti-
IGF-1 antibodies was able to block its clonal expansion
[18]. Furthermore, GH and IGF-1 participate synergisti-
cally in the longitudinal growth in correspondence with
the epiphyseal plate [16] with a pleiotropic action of the
growth hormone documented by the expression of its
receptor in all zones and with a more selective IGF-1
mechanism in the ossification process [19].

These hypotheses should be investigated by measuring GH
and IGF-1 during follow-up after the tests. We have no data
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regarding these measurements so, we don’t know the duration
of the stimulatory effect of the GH stimulus tests on the growth
rate. The lack of an extended measurement of IGF-1 and GH
after the tests, the characterization of the GH pulsatile secretion
together with the small sample size, and the lack of evaluation
of the bone age of the enrolled patients are limits of the study.
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