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ABSTRACT

Objective: It has been reported that long-term growth hormone
(GH) treatment may impair insulin sensitivity, hepatic glucose
production, and insulin-dependent glucose utilization. In our
study, we examined the effects of GH treatment on insulin sen-
sitivity in patients with GH deficiency after one year treatment.

Materials and Methods: Fifty-nine patients (22 female, 37
male) with GH deficiency who received GH therapy were in-
cluded in this study. Anthropometric measurements and pu-
bertal examination of the patients were done. Fasting plasma
glucose (FPQ), fasting plasma insulin (FPI), HbA1c levels were
measured and oral glucose tolerance test (OGTT) (1.75 g/kg,
max. 75 g) was performed before and one year after treatment.
Homeostatic Model Assessment for Insulin Resistance (HO-
MA-IR) and Matsuda indices were calculated.

Result: The mean age of the patients at the start of GH treat-
ment was 11.6+2.6 years old. The height standard deviation
score (SDS) of the patients was -2.5+0.7, and the body mass
index (BMI) SDS was -0.2+1.2. After one year, height SDS was
-1.8+1.0 and BMI SDS was similar compared to baseline mea-
surements. No difference was found between the initial and first-
year pubertal stages of the patients. At the end of the first year,
FPG and HbA1c levels did not change. When baseline and the
first year results were compared, FPI, peak insulin, and total in-

OzZET

Amag: Uzun dénem bilyime hormonu (BH) tedavisinin insilin
duyarliligini azaltabilecedi, karacigerde glukoz tretimi ve insilin
bagimli glukoz kullanimini bozabilecedi bildirilmektedir. Calis-
mamizda bir yillik BH tedavisinin instlin duyarliligi Gzerine etkile-
rini incelemeyi amacladik.

Gereg ve Yontem: Calismaya BH eksikligi tanisi ile BH kullanan
59 hasta (22 kiz, 37 erkek) dahil edildi. Antropometrik Slctimler
ve puberte muayeneleri yapildi. Tedavi ncesi ve tedavi sonrasi
birinci yilda plazma aglik glukoz (PAG), plazma aclik instlin (PA),
HbAlc dizeyleri 6lclldu ve oral glukoz tolerans testi (OGTT)
(1,75 g/kg maks 75 g) yapildi. insilin Direncinin Homeostatik
Modeli Degerlendirmesi (HOMA-IR) ve Matsuda indeksleri he-
saplandi.

Bulgular: Tedavi oncesi hastalarin ortalama yasi (ort+SD)
11,6+2,6 yil idi. Hastalarin ortalama boy standart deviasyon skoru
(SDS) degeri -2,5+0,7, viicut kitle indeksi (VKI) -0,2+1,2 idi. Te-
davi sonrasi birinci yilda boy SDS -1,8+1,0, VKi SDS baslangic
degerleri ile benzer idi. Tedavi dncesi ve sonrasinda puberte
evresi benzerdi. Birinci yil sonunda PAG ve HbA1c dizeylerinde
degisiklik saptanmadi. Tedavi dncesi ve tedavi sonrasi karsilasti-
nldiginda, birinci yilda PAI, zirve insiilin ve toplam insiilin diizey-
leri anlamli olarak daha yuksek idi (p=0,037; p=0,05; p=0,017).
Matsuda indeks anlamli olarak distk saptandi (p=0,009). Tedavi

Corresponding author/iletisim kurulacak yazar: Asli Derya KARDELEN AL - aslideryakardelen@gmail.com

Submitted/Basvuru: 24.05.2023 ¢ Revision Requested/Revizyon Talebi: 08.06.2023 o
Last Revision Received/Son Revizyon: 31.08.2023 ¢ Accepted/Kabul: 31.08.2023 ¢ Published Online/Online Yayin: 11.10.2023

@. BY _NC Content of this journal is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License.

275



https://orcid.org/0000-0003-0594-8741

https://orcid.org/0000-0002-8842-1752

https://orcid.org/0000-0003-1561-2862

https://orcid.org/0000-0001-7780-0231

https://orcid.org/0000-0002-3240-3408

https://orcid.org/0000-0003-2928-1101

https://orcid.org/0000-0002-6603-2983

https://orcid.org/0000-0001-6806-9678

https://orcid.org/0000-0001-9689-4464

https://orcid.org/0000-0003-4786-0780

) Influence of growth hormone on insulin sensitivity
Istanbul Tip Fakiltesi Dergisi @ J Ist Faculty Med 2023;86(4):275-281

sulin were significantly higher at the first year (p=0.037; p=0.05;
p=0.017), and the Matsuda index was found to be significantly
lower (p=0.009). While HOMA-IR was higher in the first year, the
difference was not significant.

Conclusion: We observed that short-term GH treatment caused
a decrease in insulin sensitivity, but did not reach disease-caus-
ing levels. It is important to monitor children receiving GH treat-
ment for insulin resistance. We recommend further measure-
ments of FPl and FPG, and performing OGTT to evaluate the
degree of deterioration of glucose metabolism in risky patients.

Keywords: Growth hormone, glucose metabolism, insulin resis-
tance, oral glucose tolerance test

sonrast HOMA-IR daha yiiksek olmasina ragmen istatistiksel ola-
rak anlamli fark bulunmadi.

Sonug: Calismamizin sonucunda, kisa dénem BH tedavisinin in-
stlin duyarliliginda azalmaya sebep oldugunu ancak yine de has-
taliga sebep olacak seviyelere ulagsmadidi sonucuna vardik. BH
tedavisi alan hastalari instlin direnci agisindan izlemek 6nemlidir.
izlem sirasinda PAG ve PAI &lciimii ve riskli hastalarda glukoz
metabolizmasindaki bozulmalar belirlemek icin OGTT yapilma-
sini onermekteyiz.

Anahtar Kelimeler: Biyime hormonu, glukoz metabolizmasi,
inslin direnci, oral glukoz tolerans testi

INTRODUCTION

Growth hormone (GH) has metabolic benefits on lipid
profiles and body proportions and has favorable effects
on bone metabolism. However, the influence of GH on
glucose homeostasis is complex. It is known that GH has
a direct negative effect on insulin sensitivity, and an indi-
rect positive effect through insulin growth factor 1 (IGF-
1), which has an insulin mimetic, glucose-lowering effect
(1). The relationship between the GH/IGF-1 axis and insu-
lin has not been clearly established yet.

The lipolytic effect of GH in the visceral and subcutane-
ous adipose tissue causes an increase in free fatty acids
(FFA) (2). Increased FFA in circulation inhibits insulin re-
ceptor substrate-1 and phosphoinositide-3-kinase activa-
tion in skeletal muscle and the liver and impairs insulin
mediated glucose uptake by skeletal muscle and induces
insulin resistance (3). In addition, GH stimulates glucose
production via glycogenolysis and gluconeogenesis in
the liver and kidney (4,5).

Insulin growth factor 1 and insulin receptors have similar
properties, and they can bind to their own receptor with
great affinity and each other’s receptor weakly. IGF-1 may
cause hypoglycemia with a possible mechanism of stimu-
lating glucose uptake by skeletal muscle and decreasing
gluconeogenesis through insulin receptors and/or IGF-1
receptor activation which is shown in vivo studies (6,7).

In adults GH deficiency is associated with increased car-
diovascular risk, increased abdominal obesity and hyper-
lipidemia, which may be a consequence of decreased
IGF-1 levels. GH therapy seems to protect adults from
hyperlipidemia and hypertension, however, careful mon-
itoring of glucose metabolism is recommended (8,9).
Moreover, the prevalence of diabetes is reported to be
high in acromegalic patients who are known to have ex-
cess GH (5). Similarly, GH-treated children were reported
to have an increased incidence of type 2 diabetes, and
monitoring glucose metabolism in GH-treated patients
who have an increased risk of diabetes is recommended
(10,11). Studies in children and adolescents are limited in
this issue and if insulin resistance will develop, it remains

unknown in what year of treatment it will come out. We
planned this study accordingly and we aimed to evaluate
the effects of GH on glucose metabolism by comparing
oral glucose tolerance test (OGTT) responses, before
and one year after treatment in patients with idiopathic
GH deficiency (GHD).

MATERIALS and METHODS

The study population included patients who were diag-
nosed with idiopathic GHD and received GH treatment.
The study was designed as an observational study per-
formed retrospectively, and the data was collected from
patient files. The patients had short stature due to idio-
pathic GHD. Idiopathic GHD was diagnosed in children
who had low growth velocity, with stimulated GH levels
below 10 mg/L on GH stimulation tests (GHST), normal
cranial and hypophysial magnetic resonance imaging, no
other pituitary hormone deficiencies and no underlying
reason for GHD (12,13). For GHST, clonidine (0.15 mg/
m? per oral) and L-dopa (10 mg/kg per oral) tests were
used. For each test, blood samples for GH levels were
drawn at the baseline, 30, 60, 90, and 120 minutes. Peak
GH values less than 10 mg/L were accepted as a low GH
response (14,15).

Patients with idiopathic short stature and patients who
have known syndromes like Turner syndrome, Prader-Wil-
li syndrome etc., who have chronic disorders, use drugs
other than GH, those born as small for gestational age
(SGA) and who have a first-degree relative with diabetes
were excluded from the study.

Anthropometric measurements were done by the same
auxologist. Height was measured using a Harpenden sta-
diometer (nearest 0.1 mm) which was calibrated at inter-
vals (Holtain Ltd., Crymych, UK). Weight was measured
using a digital electronic scale (nearest 0.1 kg). Standard
deviation score (SDS) calculations of height, weight, and
body mass index (BMI) were done according to the na-
tional data of the measurements (16). Marshall and Tan-
ner's staging was used to evaluate puberty (17,18). GH
treatment was started subcutaneously daily before bed-
time and all patients completed one year of treatment.
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Each subject underwent an OGTT to assess insulin sensi-
tivity and glucose tolerance. GH treatment was initiated
in patients with a standard dose and individually adjust-
ed according to maintain IGF-1 levels in normal ranges.
OGTT, HbA1c, and c-peptide levels were measured be-
fore the start of GH treatment and one year after treat-
ment. Each test was performed after 8 hours of overnight
fasting. Immediately before the test, samples for fasting
plasma insulin (FPI), fasting plasma glucose (FPG), c-pep-
tide, and HbA1c were drawn. Each subject was given 1.75
g/kg oral glucose (max 75 g, 4g/1mL dilution with water)
and then samples for insulin and glucose were taken at
the baseline and 30, 60, 90, and 120 minutes after the
glucose intake.

Glucose was measured by using standard laboratory
methods. Insulin was measured with a chemiluminescent
immunoassay. HbATc was measured by ion-exchange
high-performance liquid chromatography and the con-
centrations for insulin and IGF-1 were tested by using
IMMULITE 2000 Xpi Analyzer (Siemens, India).

American Diabetes Association criteria were used to
classify the glucose metabolism disorders. Diabetes was
diagnosed with FPG higher than 126 mg/dL or 120-min

Table 1: Clinical and biochemical findings of patients

glucose higher than 200 mg/dL or HbA1c 36.5%. Glucose
intolerance was defined as FPG levels between 100-126
mg/dL and/or 120 min glucose level of 140-200 mg/dL.
FPI levels of 315 mU/mL in prepubertal and 320 mU/mL
in pubertal children and insulin levels higher than 75 mU/
mL at 120 min and total insulin above 300 mU/mL were
considered as insulin resistance (19,20).

To estimate insulin sensitivity and total insulin, the ho-
meostasis model assessment insulin resistance index
(HOMA-IR), and Matsuda index were calculated from
the results of OGTT. The Matsuda index was calculated
before and one year after GH treatment based on the
formula as described by Matsuda and DeFronzo (21):
10.000//FPG (mg/dL)x FPI (mU/mL) x Glucose,,.,, (mg/
dL) x Insulin .., (MU/mL). HOMA-IR was calculated as the
Matthews formula FPI (mU/mL) x FPG (mg/dL)/405 (22).

The study was performed with the written informed con-
sent of parents. The study protocol was approved by
the local ethics committee of Istanbul University, Istan-
bul Faculty of Medicine (Date: 02.10.2020, No: 24) and
conducted according to the Helsinki Declaration’s ethical
statement.

Baseline 1st year
mean=SD mean=SD p value
(median; ranges) (median; ranges)

Age, year 11.6+2.6 (12.2; 5.3-15.3) 13.1+£2.5 (13.3; 6.6-17.3) <0.001
Weight SDS -1.4+1.1(-1.5; -3.7-1.1) -1.1+1.3(-1.6; -3.1-2.1) <0.001
Height SDS -2.5+0.7 (-2.4, -4.3—1.2) -1.8+1.0(-1.9; -4.5-1.4) <0.001
BMI SDS -0.2£1.2 (-0.2; -2.2-2.2) -0.2+1.3(-0.5; -2.7-3.2) 0.964
Prepubertal n(%) 16 (27.1) 11 (18.6) 0.380
Pubertal n(%) 43 (72.9) 48 (81.4)
IGF1 SDS -1.0+1.1 (-1.0; -2.9-3.7) -0.02+1.3 (-0.1;-2.1-3.9) <0.001
OGTT

FPG mg/dL 80.4+10.0 (80; 61-109) 82.1+9.1 (82, 60.1-110) 0.168

FPI mU/mL 13.6£7.9 (11.4; 2.3-36.2) 15.9+11.1 (14.2; 3.9-73) 0.037

2" h glucose mg/dL 114.5£19.5 (111; 80-168) 114.4+24.0 (114, 72-226) 0.702

2" h insulin mU/mL 71.8+51.9 (55.3; 16.1-288) 82.8+56.2 (73.7;, 2.2-316) 0.05

Peak insulin mU/mL 107.1+68.5 (89.5;24.4-332) 126.2+77.1 (120.5;17 .2-464) 0.012

Total insulin mU/mL 323.5+200.2 (278;34.9-914) 377.8+235.1 (341.4,26.5-1540) 0.017
c-peptide ng/mL 2.2+0.8(2.2,0.7-4.2) 2.3+0.9 (2.0; 1.0-4.9) 0.166
HbA1c % 5.3+0.3 (5.3; 4.6-6.0) 5.4+0.4 (5.5; 4.1-5.9) 0.126
HOMA-IR 2.7+1.6(2.3;0.3-8.0) 3.2£2.5(2.7;0.3-16.1) 0.064
Matsuda index 5.8+5.6 (4.2; 1.4-36.6) 5.6+8.2 (3.0; 0.6-56.1) 0.009

SD: Standard deviation score, BMI: Body mass index, IGF1: Insulin growth factor 1, OGTT: Oral glucose tolerance test, FPG: Fasting plasma
glucose, FPI: Fasting plasma insulin, HOMA-IR: Homeostasis model assessment insulin resistance
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Statistical analysis

Statistical analyses were made using the Statistical Pack-
age for Social Sciences (SPSS) program for Windows 22.0.
The Shapiro-Wilk test was used to determine the distri-
bution of variables. Results were presented as mean+SD
and categorical variables were expressed as numbers or
percentages, where appropriate. Comparisons of contin-
uous variables between groups were performed with the
Wilcoxon sign rank test for paired samples and those of
categorical variables with the Fisher's exact test. Correla-
tion analysis between groups was analyzed using Spear-
man'’s test. p-value <0.05 was accepted as statistically
significant.

RESULTS

A total of 59 patients consisting of 22 females (37.3%) and
37 males (62.7%) participated in our study. The mean age
of the patients at presentation was 11.6+2.6 years old (fe-
males 10.2+1.9 years old, males 12.5+2.6 years old). The
clinical and biochemical characteristics of the patients
are presented in Table 1. All patients were born at an ap-
propriate weight according to gestational age. The mean
height SDS was -2.5+0.7, weight SDS was -1.4+1.1, and
BMI SDS was -0.2+1.2. When the puberty stage was clas-
sified according to five subgroups, statistical evaluation
could not be done because some of the puberty groups
were too small for evaluation. Therefore, we compared
prepubertal patients with pubertal ones. At presenta-
tion 27.1% of the patients were prepubertal and 72.9%
of the patients were pubertal. The baseline IGF-1 SDS
was -1.0+£1.1. The peak GH level of GHST was (mean+SD)
5.5+2.6 mg/L and (median; min-max) 6.0; 0.2-9.9 mg/L.
Before treatment, FPG, FPI, HbA1c, and c-peptide levels
were in normal ranges. HOMA-IR was 2.7+1.6 and Mat-
suda index was 5.8+5.6. As expected, after one year of
treatment weight and height SDS improved significantly.
However, no marked change was noted in BMI SDS. Af-
ter one year 18.6% of the patients were prepubertal and
81.4% were pubertal and there was no significant differ-
ence between the initial and the first-year puberty stages
of the patients (p=0.380). After GH treatment we noticed
a significant increase in IGF-1 levels, however, it was still
in normal ranges (p<0.001). At the end of the first year,
FPG, HbAlc, and c-peptide levels were in normal ranges
and did not change significantly in comparison to base-
line values. First-year FPl was 15.9£11.1mU/mL, peak in-
sulin level was 126.2+77 . 1mU/mL, total insulin level was
377.8+235.1mU/mL, and Matsuda index was 5.6+8.2.
When the initial and the first-year results were compared,
FPI, peak insulin, and total insulin levels were significantly
increased after GH treatment (p=0.037; p=0.05; p=0.017);
The Matsuda index was found to be significantly lower
(p=0.009). Although first-year HOMA-IR levels (3.2+2.5)
were higher than pretreatment levels (2.7+1.6), no differ-
ences were found between HOMA-IR levels among pa-

tients (p=0.064). FPG and 120 min glucose levels were
within normal ranges before and after treatment and we
did not detect type 2 diabetes in our patients.

DISCUSSION

In our study, we investigated the changes in glucose me-
tabolism and insulin levels in patients with GH deficien-
cy who received GH treatment. The GH effect was con-
firmed to maintain a positive response by the increase in
height and IGF-1 SDS. In our patients, we found signifi-
cantly higher insulin levels when compared to the levels
at the start of therapy. Insulin levels and insulin indices
revealed a decrease in insulin sensitivity and increased
insulin resistance. However, we did not have any patients
who developed diabetes in the follow-up and we did not
observe a change in glucose levels.

GH treatment has been used since the 1990s for GH de-
ficiency. Since then, there has been an increasing number
of studies related to the effects and side effects of GH.
Adults with GH deficiency have an increased risk of ath-
erosclerosis, insulin resistance, deterioration in lipid pro-
file, and increased risk for cardiovascular mortality (8,23).
GH therapy provides an increase in muscle strength, lean
mass, bone mineral density, and benefits for lipid metab-
olism. The risks of cerebrovascular disease and insulin re-
sistance constitute the main limitations of GH therapy in

adulthood (9).

Glucose intolerance following impaired insulin sensi-
tivity and increased insulin resistance raises concerns
about the possibility of developing diabetes during GH
treatment in the long term. GH has an important role
in glucose homeostasis and insulin metabolism, but
the data about the metabolic effects of GH therapy in
childhood is controversial. Some studies showed deteri-
oration in insulin sensitivity with pubertal development
and ageing progress (24,25). Moreover, GH treatment
seems to be associated with impaired insulin sensitivity
in the short term, and long-term studies suggested that
this initial negative effect was temporary (26). However,
Cutfield et al. reported the results of an international
pharmacoepidemiological survey which indicates an
increased incidence of diabetes mellitus and glucose
intolerance in children and adolescents who receive
GH therapy and have a predisposal factor for diabetes
(10). This acceleration in diabetes development may be
reversible after discontinuation of treatment or dose
reduction. Lutski et al. found no difference in diabetes
incidence among patients with idiopathic GH deficien-
cy and those who were born with SGA and received
GH therapy during childhood when compared with the
healthy population (27). However, they advised check-
ing glucose levels closely during and after treatment,
especially for individuals with diabetes risk factors such
as a family history of diabetes, obesity, and Turner syn-
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drome. GH therapy in children with SGA seems to be
safe in terms of carbohydrate metabolism. Because no
adverse effect was detected in glucose metabolism of
SGA children during 260 weeks of GH treatment and in
another long follow-up study, glucose metabolism was
found to be normal at the end of six years in short SGA
children (28,29).

Most studies have demonstrated an increase in insulin
levels and HOMA-IR and normal glucose levels after
one year of treatment of GH in prepubertal and pubertal
children with GH deficiency. Our first-year results are in
line with the reported data. We summarized the studies
investigating the one-year effects of GH therapy on glu-
cose metabolism in Table 2 (30-37).

According to the results of long-term studies, GH treat-
ment is well tolerated after a three year follow-up and
does not impair glucose metabolism, although it causes
an increase in insulin levels. This increase in insulin lev-
els started after one year of treatment and did not in-
crease in the following years (35). A six year follow-up
study showed the safety of GH treatment on glucose
metabolism in GH-deficient children and they attributed
the increased insulin secretion to the fact that GH causes
a positive influence on beta cell capacity (38). Another
study revealed a significant worsening in insulin sensitiv-
ity after four years of GH treatment in GH deficient chil-
dren, while glucose and HbA1c levels were normal (31).
Some long-term studies have shown hyperglycemia and
insulin resistance under GH therapy. Glucose intolerance
has been found in children who consume a high amount
of simple carbohydrates and who have bad dietary hab-
its. They suggest evaluating the diets of children care-
fully because these effects are possibly reversible with

appropriate diet and may not require discontinuation of
treatment (39).

In a recent study in an animal model, although an in-
crease in endogenous GH and a concomittant increase
in IGF-1 and insulin were detected, insulin sensitivity re-
mained normal and glucose tolerance improved under
GH therapy. The increase in insulin levels without system-
ic insulin resistance in the body was thought to be a result
of increased beta cell mass or function (40).

In pubertal children, a physiological increase in in-
sulin secretion and decreased insulin sensitivity is
a known condition (41). It is difficult to estimate the
role of puberty in the changes in glucose homeostasis
during GH therapy. Pubertal children who are treated
with GH may have an increased risk for glucose intol-
erance. However, in our study increased insulin levels
were detected both in pubertal and prepubertal chil-
dren. Furthermore, the changes in insulin levels cannot
be attributed to body weight, since BMI SDS did not
change significantly during the treatment. Besides, the
increased insulin levels may be a result of increased
beta cell compensatory capacity that develops sec-
ondary to GH-mediated inhibition of glucose uptake
in the muscles and liver.

The main limitation of the present study is to assess in-
sulin resistance and beta cell function with OGTT. The
hyperinsulinemic-euglycemic clamp is the gold standard
procedure, However, today, it is rarely used due to its im-
practicality in clinical practice. Another limitation of our
study was that there were very few patients in puberty
subgroups. Therefore, the effects of puberty on insulin
resistance could not be clearly evaluated.

Table 2: Effects of one year recombinant human GH treatment on glucose metabolism in children and adolescents

with GH deficiency

Reference n Age FPG (mg/dL)  FPI (pU/mL) HOMA-IR Findings

30 30 8.6+3.4 97.5+8.5 12.3£7.6 2.99+0.21 FPGT, FPIT, HOMA-IRT

31 118 10.7£3.5 83.4+8.3 57 (2.8-9.5) 1.18(0.54-2.07) FPGT

32 16 8.9 (3.4-14.7) 82 (68-85) 4.2(0.27-14.3)  1.1(0.45-2.12 FPGT, FPIT

33 34 11.6+£2.6 86.9+6.2 17.5£11.3 3.7+£2.4 FPGe, FPIT, HOMA-IRT
34 73 10.5+2.8 4.9+0.5 9+6.1 2+1.4 FPGeo, FPl&, HOMA-IRT
35 101 10.4(7.7-12.5) 82 (76-88) 7.9(4.9-13.6) 1.16(0.72-1.72) FPIT, HOMA-IRT

36 30 9.3+0.5 85+1.8 77+1.2 1.7+0.4 FPGe, FPIT, HOMA-IRT
37 30 9.84+1.48 85.1+7.7 10.6+8.9 1.6+0.62 FPGe, FPlo, HOMA-IRT
This study 59 13.1£2.5 82.1£9.1 15.9+11.1 3.2+2.5 FPGe, FPIT, HOMA-IR&

FPG: Fasting plasma glucose, FPI: Fasting plasma insulin, HOMA-IR: Homeostasis model assessment insulin resistance, <: No change in
the values at the end of the study,T: Increase in the values at the end of the study. The age of the patients was presented in mean+SD or

range.
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CONCLUSION

After one year of GH treatment, we demonstrated an in-
crease in insulin resistance. However, this increase did not
reach pathological levels. According to our results before
starting GH treatment, checking FPI, FPG and HbA1lc
and in case of suspicious findings performing OGTT is
a practical, easily applicable, and reliable method for
evaluation of insulin resistance and glucose metabolism
until new biomarkers are developed for this purpose in
the following years. Our results do not exclude the pos-
sible development of glucose intolerance with long-term
use of GH treatment and we suggest performing OGTT
annually while using GH in children at risk and detecting
metabolically affected children. Following up with pa-
tients after treatment discontinuation is important since
insulin resistance can be reversible. In addition, studies
with larger numbers of patients are needed to investigate
the effects of puberty in children receiving GH treatment.

Acknowledgements: We are grateful to the children and their
families for their cooperation and to the nursing staff for auxo-
logic measurements and performing tests for their qualified as-
sistance.

Ethics Committee Approval: This study was approved by
Istanbul Faculty of Medicine Clinical Research Ethics Committee
(Date: 02.10.2020, No: 24)

Peer Review: Externally peer-reviewed.

Author Contributions: Conception/Design of Study- A.D.K.A,,
F.B., FD.; Data Acquisition- A.D.K.A,, EK.O., TK.: Data Analy-
sis/Interpretation- A.D.K.A., F.B.; Drafting Manuscript- AD.K.A,,
F.B., FD.; Critical Revision of Manuscript- A.D.K.A., M.Y., FB,,
F.D.; Final Approval and Accountability- A.D.K.A., F.B., F.D.

Conflict of Interest: The authors have no conflict of interest to
declare.

Financial Disclosure: The authors declared that this study has
received no financial support.

REFERENCES

1. Kim SH, Park MJ. Effects of growth hormone on glucose
metabolism and insulin resistance in human. Ann Pediatr
Endocrinol Metab 2017;22(3):145-52. [CrossRef]

2. Kovacs P, Stumvoll M. Fatty acids and insulin resistance
in muscle and liver. Best Pract Res Clin Endocrinol Metab
2005;19(4):625-35. [CrossRef]

3. Vijayakumar A, Yakar S, Leroith D. The intricate role
of growth hormone in metabolism. Front Endocrinol
(Lausanne) 2011;2:32. [CrossRef]

4. Schwarz JM, Mulligan K, Lee J, Lo JC, Wen M, Noor MA,
et al. Effects of recombinant human growth hormone on
hepatic lipid and carbohydrate metabolism in HIV-infected
patients with fat accumulation. J Clin Endocrinol Metab
2002:87(2):942-5. [CrossRef]

10.

13.

14.
15.

6.

17.
18.

19.

Hoybye C, Chandramouli V, Efendic S, Hulting AL, Landau
BR, Schumann WC, et al. Contribution of gluconeogenesis
and glycogenolysis to hepatic glucose production in
acromegaly before and after pituitary microsurgery. Horm
Metab Res 2008;40(7):498-501. [CrossRef]

Mauras N, Haymond MW. Are the metabolic effects of GH
and IGF-I separable? Growth Horm IGF Res 2005;15(1):19-
27. [CrossRef]

Moses AC, Young SC, Morrow LA, O'Brien M, Clemmons
DR. Recombinant human insulin-like growth factor |
increases insulin sensitivity and improves glycemic control
in type Il diabetes. Diabetes 1996;45(1):91-100. [CrossRef]
Sesmilo G, Biller BM, Llevadot J, Hayden D, Hanson G,
Rifai N, et al. Effects of growth hormone administration on
inflammatory and other cardiovascular risk markers in men
with growth hormone deficiency. A randomized, controlled
clinical trial. Ann Intern Med 2000;133(2):111-22. [CrossRef]
Diez JJ, Sangiao-Alvarellos S, Cordido F. Treatment with
growth hormone for adults with growth hormone deficiency
syndrome: Benefits and risks. Int J Mol Sci 2018;19(3):893.
[CrossRef]

Cutfield WS, Wilton P, Bennmarker H, Albertsson-Wikland
K, Chatelain P, Ranke MB, et al. Incidence of diabetes
mellitus and impaired glucose tolerance in children and
adolescents receiving growth hormone treatment. Lancet
2000;355(9204):610-3. [CrossRef]

Child CJ, Zimmermann AG, Scott RS, Cutler GB Jr,
Battelino T, Blum WF; GeNeSIS International Advisory
Board. Prevalence and incidence of diabetes mellitus in
GH-treated children and adolescents: analysis from the
GeNeSlIS observational research program. J Clin Endocrinol
Metab 2011;96(6):1025-34. [CrossRef]

Ranke MB, Wit JM. Growth hormone - past, present and
future. Nat Rev Endocrinol 2018;14(5):285-300. [CrossRef]
Cohen P, Rogol AD, Deal CL, Saenger P, Reiter EO, Ross JL,
et al. Consensus statement on the diagnosis and treatment
of children with idiopathic short stature: a summary of the
Growth Hormone Research Society, the Lawson Wilkins
Pediatric Endocrine Society, and the European Society
for Paediatric Endocrinology Workshop. J Clin Endocrinol
Metab 2008;93(11):4210-7. [CrossRef]

Gil-Ad |, Topper E, Laron Z. Oral clonidine as a growth
hormone stimulation test. Lancet 1979;2(8154):1242.
[CrossRef]

Boyd AE 3rd, Lebovitz HE, Pfeiffer JB. Stimulation of
human-growth-hormone secretion by L-dopa. N Engl J
Med 1970;283(26):1425-9. [CrossRef]

Demir K, Ozen S, Konak¢l E, Aydin M, Darendeliler
F. A comprehensive online calculator for pediatric
endocrinologists: CEDD Cozim/TPEDS Metrics. J Clin Res
Pediatr Endocrinol 2017;9(2):182-4. [CrossRef]

Marshall WA, Tanner JM. Variations in pattern of pubertal
changes in girls. Arch Dis Child 1969;44(235):291-303.
[CrossRef]

Marshall WA, Tanner JM. Variations in the pattern of
pubertal changes in boys. Arch Dis Child 1970;45(239):13-
23. [CrossRef]

American Diabetes Association. 2. Classification and
Diagnosis of Diabetes: Standards of Medical Care in
Diabetes-2018. Diabetes Care 2018;41(Suppl 1):513-27.
[CrossRef]


https://doi.org/10.6065/apem.2017.22.3.145
https://doi.org/10.1016/j.beem.2005.07.003
https://doi.org/10.3389/fendo.2011.00032
https://doi.org/10.1210/jcem.87.2.8391
https://doi.org/10.1055/s-2008-1065322
https://doi.org/10.1016/j.ghir.2004.12.003
https://doi.org/10.2337/diab.45.1.91
https://doi.org/10.7326/0003-4819-133-2-200007180-00010
https://doi.org/10.3390/ijms19030893
https://doi.org/10.1016/S0140-6736(99)04055-6
https://doi.org/10.1210/jc.2010-3023
https://doi.org/10.1038/nrendo.2018.22
https://doi.org/10.1210/jc.2008-0509
https://doi.org/10.1016/S0140-6736(79)92359-6
https://doi.org/10.1056/NEJM197012242832602
https://doi.org/10.4274/jcrpe.4526
https://doi.org/10.1136/adc.44.235.291
https://doi.org/10.1136/adc.45.239.13
https://doi.org/10.2337/dc18-S002

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

) Influence of growth hormone on insulin sensitivity
Istanbul Tip Fakiltesi Dergisi @ J Ist Faculty Med 2023;86(4):275-281

Kurtoglu S, Hatipoglu N, Mazicioglu M, Kendirici M, Keskin
M, Kondolot M. Insulin resistance in obese children and
adolescents: HOMA-IR cut-off levels in the prepubertal
and pubertal periods. J Clin Res Pediatr Endocrinol
2010;2(3):100-6. [CrossRef]

Matsuda M, DeFronzo RA. Insulin sensitivity indices
obtained from oral glucose tolerance testing: comparison
with the euglycemic insulin clamp. Diabetes Care
1999:22(9):1462-70. [CrossRef]

Matthews DR, Hosker JP, Rudenski AS, Naylor BA,
Treacher DF, Turner RC. Homeostasis model assessment:
insulin resistance and -cell function from fasting plasma
glucose and insulin concentrations in man. Diabetologia
1985;28(7):412-9. [CrossRef]

Rosén T, Bengtsson BA. Premature mortality due to
cardiovascular  disease in  hypopituitarism.  Lancet
1990;334(8710):285-8. [CrossRef]

Husbands S, Ong KK, Gilbert J, Wass JA, Dunger DB.
Increased insulin sensitivity in young, growth hormone
deficient children. Clin Endocrinol (Oxf) 2001;55(1):87-92.
[CrossRef]

Canete R, Valle M, Martos R, Sanchez-Carrién A, Canete
MD, van Donkelaar EL. Short-term effects of GH treatment
on coagulation, fibrinolysis, inflammation biomarkers, and
insulin resistance status in prepubertal children with GH
deficiency. Eur J Endocrinol 2012;167(2):255-60. [CrossRef]
Giavoli C, Porretti S, Ronchi CL, Cappiello V, Ferrante E,
Orsi E, et al. Long-term monitoring of insulin sensitivity
in growth hormone-deficient adults on substitutive
recombinant human growth hormone therapy. Metabolism
2004:53(6):740-3. [CrossRef]

Lutski M, Zucker |, Zadik Z, Libruder C, Blumenfeld O,
Shohat T, et al. Prevalence of diabetes among children
treated with growth hormone in Israel. Diabet Med
2019;36(10):1276-81. [CrossRef]

Horikawa R, Tanaka T, Nishinaga H, Ogawa Y, Yokoya S.
The influence of a long-term growth hormone treatment
on lipid and glucose metabolism: a randomized trial in
short Japanese children born small for gestational age. Int
J Pediatr Endocrinol 2016;2016:19. [CrossRef]

Sas T, Mulder P, Aanstoot HJ, Houdijk M, Jansen M, Reeser
M, et al. Carbohydrate metabolism during long-term
growth hormone treatment in children with short stature
born small for gestational age. Clin Endocrinol (Oxf)
2001;54(2):243-51. [CrossRef]

Metwalley KA, Farghaly HS, Abd El-Hafeez HA. Evaluation
of left ventricular mass and function, lipid profile, and
insulin resistance in Egyptian children with growth hormone
deficiency: A single-center prospective case-control study.
Indian J Endocrinol Metab 2013;17(5):876-82. [CrossRef]
Witkowska-Sedek E, Labochka D, Stelmaszczyk-Emmel
A, Majcher A, Kucharska A, Sobol M, et al. Evaluation of
glucose metabolism in children with growth hormone
deficiency during long-term growth hormone treatment. J
Physiol Pharmacol 2018;69(2):219-30.

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

Meazza C, Elsedfy HH, Pagani S, Bozzola E, El Kholy M,
Bozzola M. Metabolic parameters and adipokine profile in
growth hormone deficient (GHD) children before and after
12-month GH treatment. Horm Metab Res 2014;46(3):219-
23. [CrossRef]

Ciresi A, Amato MC, Criscimanna A, Mattina A, Vetro C,
Galluzzo A, et al. Metabolic parameters and adipokine
profile during GH replacement therapy in children with GH
deficiency. Eur J Endocrinol 2007;156(3):353-60. [CrossRef]
Ciresi A, Amato MC, Giordano C. Reduction in insulin
sensitivity and inadequate B-cell capacity to counteract
the increase in insulin resistance in children with idiopathic
growth hormone deficiency during 12 months of growth
hormone treatment. J Endocrinol Invest 2015;38(3):351-9.
[CrossRef]

Pellegrin MC, Michelon D, Faleschini E, Germani C, Barbi
E, Tornese G. Glucose metabolism evaluated by glycated
hemoglobin and insulin sensitivity indices in children
treated with recombinant human growth hormone. J Clin
Res Pediatr Endocrinol 2019;11(4):350-7. [CrossRef]
Salerno M, Esposito V, Farina V, Radetti G, Umbaldo A,
Capalbo D, et al. Improvement of cardiac performance
and cardiovascular risk factors in children with GH
deficiency after two years of GH replacement therapy: an
observational, open, prospective, case-control study. J Clin
Endocrinol Metab 2006;91(4):1288-95. [CrossRef]
Lépez-Siguero JP, Lépez-Canti LF, Espino R, Caro E,
Fernandez-Garcia JM, Gutiérrez-Macias A, et al. Effect
of recombinant growth hormone on leptin, adiponectin,
resistin, interleukin-6, tumor necrosis factor-a and ghrelin
levels in growth hormone-deficient children. J Endocrinol
Invest 2011;34(4):300-6. [CrossRef]

Baronio F Mazzanti L, Girtler Y, Tamburrino F, Fazzi A,
Lupi F, et al. The influence of growth hormone treatment
on glucose homeostasis in  growthhormone-deficient
children: a six-year follow-up study. Horm Res Paediatr
2016;86(3):196-200. [CrossRef]

Seminara S, Merello G, Masi S, Filpo A, La Cauza F,
D'Onghia G, et al. Effect of long-term growth hormone
treatment on carbohydrate metabolism in children
with growth hormone deficiency. Clin Endocrinol (Oxf)
1998:49(1):125-30. [CrossRef]

Cordoba-Chacon J, Majumdar N, Pokala NK, Gahete
MD, Kineman RD. Islet insulin content and release are
increased in male mice with elevated endogenous GH
and IGF-I, without evidence of systemic insulin resistance
or alterations in B-cell mass. Growth Horm IGF Res
2015;25(4):189-95. [CrossRef]

Caprio S, Plewe G, Diamond MP, Simonson DC, Boulware
S, Sherwin RS et al. Increased insulin secretion in puberty: a
compensatory response to reduction in insulin sensitivity. J
Pediatr 1989;114(6):963-7. [CrossRef]


https://doi.org/10.4274/jcrpe.v2i3.100
https://doi.org/10.2337/diacare.22.9.1462
https://doi.org/10.1007/BF00280883
https://doi.org/10.1016/0140-6736(90)91812-O
https://doi.org/10.1046/j.1365-2265.2001.01298.x
https://doi.org/10.1530/EJE-12-0214
https://doi.org/10.1016/j.metabol.2003.11.025
https://doi.org/10.1111/dme.13910
https://doi.org/10.1186/s13633-016-0036-4
https://doi.org/10.1046/j.1365-2265.2001.01178.x
https://doi.org/10.4103/2230-8210.117234
https://doi.org/10.1055/s-0033-1358730
https://doi.org/10.1530/eje.1.02343
https://doi.org/10.1007/s40618-014-0184-4
https://doi.org/10.4274/jcrpe.galenos.2019.2019.0281
https://doi.org/10.1210/jc.2005-0981
https://doi.org/10.1007/BF03347090
https://doi.org/10.1159/000448841
https://doi.org/10.1046/j.1365-2265.1998.00502.x
https://doi.org/10.1016/j.ghir.2015.04.002
https://doi.org/10.1016/S0022-3476(89)80438-X

