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Abstract. Background. Growth pathology caused by somatotropic insufficiency is one of the most urgent prob-
lems in pediatric endocrinology. An increase in the growth hormone (GH) level less than 10 ng/ml was traditio-
nally considered a criterion for diagnosing somatotropic insufficiency in patients with short stature, when perform-
ing provocation tests. The purpose is to evaluate the effectiveness of clonidine and insulin provocation tests for
the somatotropic hormone (STH) stimulation in diagnosing the syndrome of biologically inactive growth hormone
(SBIGH). Materials and methods. A total of 158 patients with SBIGH (47 girls and 111 boys aged 8.30 + 0.24
years) were examined. The study included patients with delayed growth more than 2 standard deviations. Basal
and stimulated STH levels were determined using insulin and clonidine tests. A 4-day growth hormone sensitivity
test was obligatorily performed for determining insulin-like growth factor 1 levels prior to the first GH injection and
the day after the test completion. Results. The maximum increase in STH against a background of insulin and
clonidine tests was above 10 ng/ml in all patients with SBIGH. Significantly higher maximum increase of STH pa-
rameters (p < 0.01) was noted in clonidine stimulation test than in insulin one. This was proved both in patients with
SBIGH (17.79 = 0.51 ng/ml and 13.83 + 0.92 ng/ml, respectively) and in children of control group (16.81 + 1.60
and 11.18 = 0.70 ng/ml). Standard deviation score of insulin-like growth factor 1 was significantly lower (p < 0.001)
in children with SBIGH than in control group. More pronounced changes were observed in prepubertal patients.
Conclusions. Clonidine provocation test is more informative than insulin one, and causes a significantly higher
stimulating maximum release of GH. It is recommended to start the investigation of STH function with clonidine
test, which is safer for patients due to the absence of a risk of severe hypoglycemic conditions.
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Introduction

Growth pathology caused by somatotropic insuf-
ficiency is one of the most urgent problems in pediat-
ric endocrinology. An increase in the growth hormone
(GH) level less than 10 ng/ml was traditionally consi-
dered a criterion for diagnosing somatotropic insuffi-
ciency in patients with short stature, when performing
provocation tests [1, 2].

The study of the insulin-like growth factor 1 (IGF-1)
level is mandatory for the complete diagnosis, but not

the main one in patients with the somatotropic hormone
(STH) deficiency. Factors that affect the decrease of its
level, except GH, may be diverse, such as enzymopathy,
hepatitis and hepatosis, celiac disease, other somatic and
psychological problems, etc. [3, 4]. Therefore, the main
criteria for diagnosing the GH deficiency is short stature,
along with a low level of STH release against a back-
ground of provocation tests. There is a group of diseases,
including the syndrome of biologically inactive growth
hormone (SBIGH), that are accompanied by short sta-
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ture against a background of normal indicators of STH
release, when stimulation tests are performed.

The basic diagnostic laboratory criteria for SBIGH
are low IGF-1 levels under normal, even elevated level
of STH and positive GH test [5, 6]. Data on the specifi-
city and sensitivity of STH receptor to stimulating action
of the clonidine and insulin provocation agents, which
are the gold standard for the GH stimulation [7, 8], have
not been found in patients with SBIGH in domestic and
foreign literature, which served as the basis for this study.

The purpose of the study is to evaluate the effective-
ness of clonidine and insulin provocation tests for so-
matotropic hormone stimulation in diagnosing the syn-
drome of biologically inactive growth hormone.

Materials and methods

A total of 158 patients with SBIGH (47 girls and 111
boys aged 8.30 = 0.24 years) were examined at the De-
partment of Pediatric Endocrine Pathology of State In-
stitution “V.P. Komisarenko Institute of Endocrinology
and Metabolism of the National Academy of Medical
Sciences of Ukraine” in 2008—2018. The study included
children with delayed growth of more than 2 standard
deviations from the mean median of physiological age
and sex parameters. Bone age was more than 2 years de-
layed from the age in years.

A physical examination, measurements of growth
using the Harpenden stadiometer, body mass measure-
ments by the Seca scales, and the assessment of body
proportions were included in the plan for compulsory
examination of the patient. Body mass index (BMI) was
calculated by the formula: BMI = m/p?, where m — body
weight (kg), p — height (m). The results were evaluated
according to the percentile nomograms for this gender
and the mean chronological age [9]. The puberty stage
was assessed using Tanner scale (1962).

Hormone testing was performed in all patients, it in-
cluded evaluation of basal and stimulated levels of STH,
IGF-1, thyroid-stimulating hormone, free triiodthyro-
nine, free thyroxine in the blood by radioimmunologi-
cal method using standard IRMA kits (Immunotech, the
Czech Republic). Insulin and clonidine tests were used
to determine the stimulation level of STH by the stan-
dard methods in accordance with approved protocols of
the Ministry of Health of Ukraine, which are consistent
with the International consensus on the definition of so-
matotropic insufficiency and stimulation tests [1, 2, 10].

A 4-day GH sensitivity test was obligatorily performed

in all the patients. This test consists in the introduction of
a genetically engineered GH at a dose of 0.033 mg/kg/day
subcutaneously for 4 days, and the determination of IGF-1
levels prior to the first injection of GH and the day after the
completion of the test. The test is considered positive if the
level of IGF-1 increases by 2 times or more [6].

The control group consisted of 42 healthy children of
corresponding age. The statistical analysis was performed
by the Microsoft Excel program using the Student’s 7-test
with determination of the p-value difference. The diffe-
rence was considered to be significant at p < 0.05. Labo-
ratory studies were conducted in the accredited laborato-
ries of the institute.

Results

The determination of STH level in children with
SBIGH revealed that its basal content was 0.95 + 0.12
ng/ml, which varied in comparison with healthy children
of the control group (average level 1.20 = 0.43 ng/ml),
but no significant difference was observed between the
given indices (Table 1).

The maximum increase in STH against a background
of insulin and clonidine tests was above 10 ng/ml in all pa-
tients with SBIGH. In contrast to the basal level of GH,
under conditions of stimulation, levels of STH were higher
in patients with SBIGH than in the control group, but no
significant difference was between them. It is important
to note that the maximum STH increase is significantly
higher (p < 0.01) when performing a stimulation test with
clonidine than with insulin. Moreover, this was proved
both in children with SBIGH — 17.79 £+ 0.51 ng/ml
and 13.83 + 0.92 ng/ml, respectively, and in the control
group — 16.81 £ 1.60 ng/ml and 11.18 £ 0.70 ng/ml.

IGF-1 determination in children with SBIGH is ex-
tremely necessary and a mandatory criterion for diagno-
sis of this syndrome. However, in order to exclude hy-
perdiagnosis in children with malnutrition, BMI, which
met age standards, was measured in all the patients [9].
A 4-day GH sensitivity test was performed in all the pa-
tients, it was included in the differential diagnostic al-
gorithm of the SBIGH with its various forms (sensitive
and insensitive to GH), with receptor insensitivity to GH
(Laron syndrome), and is necessary to clarify the diag-
nosis of SBIGH [4]. The 4-day GH sensitivity test was
positive in all the children.

IGF-1 indices have a direct correlation with age and
puberty, which is the second most important factor for
GH-stimulated IGF-1 synthesis [7, 8]. In this regard,

Table 1. Content of STH and IGF-1 in children with the syndrome of biologically inactive growth hormone (M + m)

e STH basal level, | STH max, insulin | STH max, clonidine IGF-1, ng/ml IGF-1, ng/ml
ng/ml test, ng/ml test, ng/ml SDS (group 1) SDS (group 2)
. . 63.44 + 497" | 133.06 + 8.33"
Patients with 0.95+0.12 13.83  0.92 17.79 + 0.51** ~1.04+0.28 ~1.72+013
SBIGH (n = 158) (n = 128) (n = 30)
. 190.85 + 13.78 | 254.85 + 26.83
aef"zhz% children 1.20 + 0.43 11.18 £ 0.70 16.81 + 1.60** 0 0
- (n=31) (n=11)

Notes: * — the significance of changes compared to healthy children (p < 0.001); ** — the significance of changes
between the indicators of clonidine and insulin tests (p < 0.01); SDS — standard deviation score; group 1 —
prepubertal children; group 2 — children of puberty age.
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when determining IGF-1 content, all children, both
patients with the SBIGH and healthy individuals, were
divided into two groups (groups 1 and 2). The main crite-
rion for including children into one or another group was
the stage of their puberty by the Tanner scale.

Signs of puberty were absent in 128 (81 %) of 158 pa-
tients. These prepubertal children with stage I puberty
were included in group 1. Thirty children of puberty age
(stages II and III by the Tanner scale) were included in
group 2. Among them, 21 patients had stage II puberty,
and 9 children — stage I11 puberty. There were no children
with IV and V stages of puberty. In groups 1 and 2, IGF-1
indices have a high degree of significance (p < 0.001) be-
low the indices of control group, which coincided with the
reference values for the corresponding age groups.

If a comparative analysis is performed between sigma
deviations of IGF-1 in patients with SBIGH and healthy
children, it is important to note that SDS of IGF-1 in
patients with SBIGH was significantly lower (p < 0.001).
More pronounced changes were in prepubertal children.
There were no significant differences in SDS of IGF-1
between children in groups 1 and 2.

Thus, this study proved that all patients met the labora-
tory criteria characteristic for the SBIGH, namely that they
had normal basal and stimulated STH levels with signifi-
cantly lower IGF-1 and SDS of IGF-1 and normal BMI.

In the control group, all the studied parameters,
namely the levels of STH (basal and stimulated), IGF-1,
and SDS of IGF-1, were within the reference values for
the respective age groups.

Discussion

Today, in order to standardize the examination of
children with short stature, a number of provocation
tests have been developed for evaluating the level of GH-
stimulated secretion. More than 30 stimulation tests
have been described, among which insulin, clonidine
(clophelin), arginine, glucagon, and L-dopa are the most
widely used. Any of the above-mentioned stimulators of
GH contributes to a significant release (over 10 ng/ml) in
almost 90 % of healthy children [11—13].

Arginine and L-dopa tests in the practice of our de-
partment have not been used recently due to negative
neurological manifestations, such as headache, nausea,
temporary psychopathic manifestations.

According to the recent literature data, the sensitivity of
the test with clonidine is 98 %, with insulin — 85—100 %.
Introduction of stimulation tests for the detection of STH
deficiency enables the timely diagnosis of GH insufficiency
[14, 15]. According to other authors who conducted pro-
vocative tests in 120 children, 83 (69.2 %) with GH defi-
ciency and 37 (30.8 %) with idiopathic short stature, the
specificity and accuracy of the insulin test were 78.4 and
93.6 %, respectively. Specificity and accuracy of L-dopa
stimulation test were 29.7 and 79.2 %, respectively [16].

Diagnostic value of a provocative test with insulin
(0.075 unit/kg intravenously) in combination with cloni-
dine (4 pg/kg orally) revealed its significantly higher
specificity (74, 88%) compared to insulin (48 %) or
clonidine (65 %). Accuracy of insulin + clonidine test

was also better (75, 85 %) compared to insulin (63 %)
and clonidine (73 %) tests. The authors concluded that
a combined test with clonidine and insulin is expedient,
convenient, time-saving and reliable tool compared to
clonidine or insulin tests alone [13]. However, the simul-
taneous use of two tests in one patient has contraindica-
tions, especially in children under the age of 5 years.
That is, the literature data showed that clonidine test
is more informative than insulin one, but these findings
are obtained in patients with GH insufficiency, idiopa-
thic short stature and healthy children. So, we conducted
a study in children with SBIGH and significantly con-
firmed that maximum increase in GH was higher when
using stimulation test with clonidine than with insulin.

Conclusions

1. Stimulation test with clonidine is more informa-
tive than with insulin and causes a significantly higher
maximum STH release, both in patients with SBIGH
and in healthy children.

2. It is recommended to start a study of the STH
function with clonidine test that is safer for patients due
to the absence of a risk of severe hypoglycaemic condi-
tions, which particularly occur when using insulin stimu-
lation test in young children with low BMI and predis-
position to lower level of fasting glucose in patients with
high risk of hypopituitarism.

Conflicts of interests. Author declares no conflicts of
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or interpretation of their manuscript.
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AY «HCTUTYT @HAOKPUHOAOTI TQ OBMIHY pedoBuH im. B.I1. KomicapeHka HAMH YkpaiHun», M. Kuis, YkpaiHQ
HawLioHOABHO MEANYHQ QKOAEMIsT MICASIAMIAOMHOI oCBiTy iM. [1.A. LLyrvka, m. Kuis, YkpaiHa

OujiHKa coMaToTPONHOT PYHKLT B AiTen i3 CUHAPOMOM GiIOAOTNYHO HEAKTUBHOIO FOPMOHA POCTY
HO OCHOBI NPOBEAEHHS CTUMYASILLIMHUX TECTIB i3 KAOHIAMHOM TA iIHCYAIHOM

Pesiome. Mema oOocaidncenna: ouiHUTU  e(EKTUBHICTH
(GapMaKoJIOTIYHUX TECTIB i3 KJIOHIAMHOM Ta iHCYJIIHOM [Jisi
ctumysnii comatorpornHoro ropmona (CTT) mpu giarHoc-
TULI CUHIPOMY OiOJIOriYHO HEaKTMBHOIO TIOPMOHA POCTY
(CBHI'P). Mamepiaau ma memodu. O6¢TexxeHo 158 xBOpMX
Ha CBHI'P — 47 miBuaTtok i 111 XJIOMYUKiB, cepefHiil BiK
skux craHoBuB 8,30 + 0,24 poky. Y IOCiIKeHHST BKJIIOYE-
Hi TIAIiEHTH 3 BiJICTaBaHHSIM Yy POCTi MOHAam 2 CTaHAApTHi
BimxuneHHs1. BusHauanam 6a3anbHUi Ta CTUMYJIbOBAHUIA PiBHI
CTT i3 3acTOCyBaHHSIM TECTiB 3 iHCYJIHOM Ta KJIOHIAMHOM.
O60B’S13K0BO TTPOBOAWIIN YOTUPUICHHY TTPOOY Ha UYTIUBICTH
1o ropmoHa pocty (I'P) 3 BUsHaueHHSIM piBHiB iHCYJTiHOTO/i0-
Horo ¢akTopa pocty-1 no nepioi iH’exuii I'P i HacTynHoro
JTHS TiCJIs1 3aBeplieHHs npoou. Pesyabmamu. MakcumaiibHe
nigsuieHHs piBHs CTT Ha Tu1i TecTiB 3 iHCYJIiIHOM Ta KJIOHIAN-
HoM B ycix nauieHTiB i3 CBHI'P cranoBuio nonan 10 Hr/mit.
MaxkcumainbHe 36iutbieHHs Toka3HukiB CTT Gyno BiporigHo

CripyH4yK H.A.

puiuM (p < 0,01) mpu npoBeneHHi CTUMYJSLIAHOIO Tec-
Ty 3 KJIOHIAUHOM, HiX 3 iHCy/liHOM. Lle noBeneHo sk y miteit
3 CBHI'P — 17,79 + 0,51 ur/mn ta 13,83 + 0,92 Hr/mi Bin-
IOBIIHO, TaK i B KOHTPOJIbHil rpymi — 16,81 + 1,60 Hr/muir i
11,18 £+ 0,70 ur/mn. 3acdikcoBaHo, IO iHAEKC CTAHAAPTHOTO
BIIXWJICHHS iHCYJIiHOMOAIOHOTO (hakTopa pocTy-1 y XBOpHUX
niteit BiporinHo Hukuuii (p < 0,001), HiXX y KOHTPOJIbHIM
rpyni. bitbll BUpaxxeHUMU 3MiHM OyJIU B MALLiEHTIB MpeIy-
OepTaTHOrO BiKy. Bucnosku. DapMakoIOriyHMIA TECT i3 KIOHI-
JIMHOM € OiJIb1II iH(pOPMATUBHUM, HiX 3 iHCYJIIHOM, i BUKJIMUKAE
BipOTiAHO BUIIMIA CTUMYJISILIMHUI MakcuMalibHUiA BUKU ['P.
PexoMeHnnmoBaHo po3nounHatu nociimkeHHs ¢pyHkuii CTT 3
MPOBEICHHST MPOOU 3 KIIOHIIMHOM, 110 € OiIbII 0e3MeUYHOI0
3aBASIKU BiICYTHOCTI PU3UKY TSKKUX TMOTIIKEMiYHUX CTaHIB.
Kiro4yoBi c1oBa: cunapom 6io0riyHO HEAKTUBHOTO TOPMO-
Ha POCTY; TECT 3 iHCYJIIHOM; TECT i3 KJIOHIIMHOM; COMaTOTPOII-
HUI TOPMOH

Y «/IHCTUTYT SHAOKPUHOAOMN 1 OBMEHQ BeLeCTs um. B.[1. KommccapeHko HAMH YkpauHsl», r. Knes, YkpaunHa
HaUMOHAABHQST MEAMLIMHCKQST QKOAEMIMST TIOCAEANIAOMHOIrO 06pa30BaHMS M. .. LLyrika, r. Kues, YkpauHa

OueHKa COMATOTPONHOM GYHKLUU Y AeTelt C CUHAPOMOM GUMOAOTMYECKU HEAKTUBHOIO FOPMOHA POCTa
HO OCHOBOHUU NPOBEAEHUS CTUMYASILLUOHHBIX TECTOB C KAOHUAMHOM U MUHCYAUHOM

Pe3tome. Ileav uccaedosanus: onenntsb 3GGEKTUBHOCTD (ap-
MaKOJIOTUYECKUX TECTOB C KJIOHUAMHOM Y MHCYJIMHOM JUTSI CTU-
My comatoTportHoro ropmona (CTT) mpu nuarHocTrke
CHHIpOMa OMOJIOTMYECKM HeaKTMBHOro ropmoHa pocrta (Chb-
HI'P). Mamepuaast u memoost. O6cnenoBaHo 158 GOJbHBIX C
CBHI'P — 47 neBouek u 111 MaJIbuMKOB, CPeIHUIA BO3PACT KO-
Topbix cocTaBui 8,30 + 0,24 rona. B mccinenoBaHre BKIIOUEHBI
MaLMEeHTHI C OTCTaBAaHUEM B pocTe OoJiee 2 CTaHAAPTHBIX OTKIIO-
HeHuii. Onpenensii 6a3aTbHBIN U CTUMYJITUPOBAHHBIN YPOBHU
CTI ¢ nmpuMeHeHHMeM TEeCTOB C MHCYJMHOM M KJIOHUIAMHOM.
O06s13aTeIbHO TIPOBOAMIM YETBIPEXIHEBHYIO MPOOY Ha YyBCT-
BUTEJIBHOCTb K TopMOHY pocTa (I'P) ¢ onpeneseHuem ypoBHei
WHCYJIMHOITOMOOHOTO (hakTopa pocTa-1 10 MepBoii MHBEKIINN
I'P 1 Ha cienyronuii 1eHb rocie 3aBepiieHus: npoobl. Pezy.is-
mamypt. MakcumanbHoe moBbiiieHue ypoBHd CTI Ha ¢one
TECTOB C MHCYJIVMHOM U KJIOHUAWHOM Yy Bcex marueHToB ¢ Ch-
HI'P cocrasnsuio 6onee 10 Hr/mi1. MakcumalibHOE yBEIMUEHUE
niokasaresieit CTT 6bu10 moctoBepHO 6osiee BoicokuM (p < 0,01)

MpY TPOBEAECHUU CTUMYJISIIUOHHOTO TecTa C KJIOHUIMHOM,
YeM ¢ MHCYJIMHOM. DTo oKazaHo Kak y naeteit ¢ CBHIP —
17,79 £ 0,51 ar/mn u 13,83 & 0,92 HIr/MJI COOTBETCTBEHHO, TaK
1 B KOHTPOJIbHOI rpynmne — 16,81 + 1,60 ur/mnu 11,18 £ 0,70
Hr/Mi1. 3aUKCUPOBAHO, YTO UHIAEKC CTAHIAPTHOTO OTKJIOHE-
HUSI UHCYJIMHOIIOA00HOTO (bakTopa pocTa-1 y OOJbHBIX JeTeit
noctoBepHo Huxke (p < 0,001), yeM B KOHTPOJIBHOIM TpyIIIIe.
Bonee BeIpakeHHbIE U3MEHEHUST OTMEUEHBI Y TMTALMEHTOB Tpe-
myGepTaTHOTO Bo3pacTa. Boigodst. DapMakoIormiecKuil TecT ¢
KJIOHUIVHOM SIBJIsIeTCsl 6osee MHGOPMATUBHBIM, Ye€M C MHCY-
JIMHOM, ¥ BBI3bIBAET JOCTOBEPHO O0Jiee BBICOKUI CTUMYJISILIU-
OHHBIII MaKcUMaJbHBIN BbIOpoC I'P. PekoMeHayeTcss HaunMHaTh
uccaenoBanust pyHkuuu CTI ¢ mpoBeneHus TpoObl ¢ KJIOHKM-
JIMHOM, KOTOopasl sIBJIsieTcsi 6oJiee Ge30macHoi 6aroaapsi OTcyT-
CTBUIO PUCKA TSKEJTBIX TUTIOTJIMKEMUYECKUX COCTOSTHUIA.
KioueBbie cj10Ba: cuHipoM OGMOJOIMUECKHM HEAKTUBHOIO
TOPMOHA POCTA; TECT C MHCYJIMHOM; TECT C KIIOHUAUHOM; CO-
MaTOTPOITHBIN TOPMOH
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