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Metabolic consequences of recombinant human growth hormone therapy

in patients with Turner syndrome
Konsekwencje metaboliczne terapii rekombinowanym ludzkim hormonem wzrostu u pacjentéw
z zespotem Turnera
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Skréty: TS — zesp6t Turnera, rGH — rekombinowany hormon wzrostu, OGTT — doustny test toleracji glukozy, HbA, - hemoglobina
glikowana, HOMA-IR — wskaznik insulinoopornosci, HOMA-B — model homeostazy dotyczacy czynnosci komoérek B trzustki, QUICKI
— wskaznik insulinowrazliwosci, BM — wskaznik masy ciata, WHR — wskaznik talia-biodra, T-C — cholesterol catkowity, HDL-C - cho-
lesterol HDL, LDL-C — cholesterol LDL; TG — tr6jglicerydy

Abbreviations: TS — Turner syndrome, rGH — recombined growth hormone, OGTT - oral glucose tolerance test, HbA, - glycated
haemoglobin, HOMA-IR — homeostasis model assessment of insulin resistance, HOMA-B — homeostasis model assessment of B-cell
function, QUICKI — quantitative insulin sensitivity check index, BMI — Body mass index, WHR — waist-to-hip ratio, T-C — total choles-
terol, HDL-C — cholesterol HDL, LDL-C — cholesterol LDL, TG — triglycerides

Abstract

Introduction: Turner syndrome (TS) predisposes to metabolic complications. Currently, TS patients are treated with recombinant hu-
man growth hormone (rGH) as standard therapy. The long-term effect of this therapy on carbohydrate metabolism remains unclear.
Aim of the study: To assess possible metabolic alterations following rGH therapy.

Material and methods: We enrolled 53 TS participants, comprising 37 patients who finished rGH therapy (group 1) and 16 patients
who did not receive growth promoting therapy (group 2). Several anthropometric measurements were made. Carbohydrate and
lipid metabolism, adipokines, and hs-CRP were assessed basing on laboratory test. The following indices were calculated: HOMA-IR,
HOMA-B, QUICKI, and Matsuda.

Results: There were no statistically significant differences between the 2 groups in terms of BMI or WHR. There was a statistically
significant lower mean percentage of fat tissue in group 1 compared to group 2 (27.46% vs. 31.75%). Insulin resistance and sensitivity
indices were not statistically different between groups. Using the Matsuda index, more patients who met criteria of insulin resistance
were found in group 2 than in group 1 (56.25% vs. 37.84%); however, this difference was not statistically significant (p = 0.2). No
statistically significant differences were found in lipid profile, adipokines, and hsCRP between groups.

Conclusions: rGH therapy leads to a beneficial change in body composition of TS patients despite unchanged BMI. A decrease in
body fat persists for several years after finishing rGH treatment; rGH treatment is connected with a trend toward increased insulin
sensitivity.

Key words:

Turner syndrome, growth hormone, adipokine, insulin resistance, Matsuda index.

Streszczenie

Woprowadzenie: Zesp6t Turnera predysponuje do powikfa metabolicznych i kardiologicznych. W leczeniu zespotu Turnera standar-
dem jest terapia rekombinowanym ludzkim hormonem wzrostu (rGH). Odlegte skutki tej terapii sa nadal niedostatecznie zbadane.
Celem pracy byta ocena metabolicznych skutkow terapii rGH.

Materiat i metody: Do badania zakwalifikowano 53 kobiety z zespotem Turnera, podzielone na 37 oséb leczonych hGH (grupa 1)
i 16 nieleczonych (grupa 2). Wykonano badania antropometryczne oraz laboratoryjne, m.in., oznaczono stezenie glukozy i insuliny
w doustnym tescie obcigzenia glukoza (OGTT) w 0., 30., 60., 90., 120. i 150. minucie, lipidogram, hemoglobine glikowana (HbA, ),
adipokiny, hs CRP. Na podstawie ww danych wyliczono HOMA-IR, HOMA-B, QUICKI i indeks Matsudy.

Wyniki: Nie stwierdzono istotnej statystycznie réznicy we wskaznikach BMI i WHR pomiedzy grupami, aczkolwiek grupy r6znity sie
w sposob istotny statystycznie Srednig iloscia tkanki ttuszczowej (27,46% w grupie 1, 31,75% w grupie 2). Standardowe wskazniki
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insulinowrazliwosci i insulinoopornosci nie réznity sie pomiedzy grupami, aczkolwiek indeks Matsudy wykazat przewage pacjentéow
z insulinoopornoscia w grupie 2 (p = 0,2). Nie stwierdzono réznic w stezeniu adipokin, hsCRP i lipidogramie pomiedzy grupami.

Whioski: Terapia hGH skutkuje korzystniejszym sktadem ciata u pacjenek z zespotem Turnera, pomimo poréwnywalnego BMI.
Zmniejszona ilo$¢ tkanki ttuszczowej utrzymuje sie wiele lat po zakoriczonej terapii hGH. Osoby poddane leczeniu hGH wykazuja

tendencje do wiekszej insulinowrazliwosci.
Stowa kluczowe:

zesp6t Turnera, hormon wzrostu, adipokiny, insulinoopornos¢, indeks Matsudly.

Introduction

Turner syndrome (TS) is a chromosomal disorder that affects
phenotypic females who have one intact X chromosome and
complete or partial absence of the second sex chromosome in
association with one or more clinical manifestations. Turner syn-
drome affects 25-50 per 100,000 females and can involve mul-
tiple organs through all stages of life. The clinical presentation
includes the folllowing: short stature, characteristic dysmorphic
features, and an increased risk of metabolic disorders — both
lipid and carbohydrate [1-3]. Type 2 diabetes mellitus, impaired
glucose tolerance, and insulin resistance are more common
in women with TS and tend to develop at a younger age [3].
Women with TS demonstrate reduced glucose-stimulated insu-
lin release, which is apparent even in young women with normal
glucose homeostasis. This suggests that p-cell dysfunction or
insufficiency is a primary feature of Turner metabolic syndrome.
The pathogenesis behind progressive B-cell failure is not clear
[4, 5]. The accumulation of visceral fat in TS predicts a high-
er risk of development of impaired glucose homeostasis [5].
Other studies show that increased insulin resistance in women
with TS is independent of measures of body composition and
may represent an intrinsic defect related to their chromosomal
abnormality [6]. Even young, normal-weight TS women show
significantly impaired glucose homeostasis [7]. The life expect-
ancy in TS is reduced by at least 10 years. Cardiometabolic
markers potentially present in girls and women with TS, except
for impaired insulin secretion, are weight deficit at birth and
muscle fibre composition [8].

Currently, TS patients are treated with recombinant human
growth hormone (rGH) as standard therapy as soon as growth
impairment is stated [3]. Short-term GH administration has
been associated with favourable changes in body composi-
tion but also with relative impairment of glucose tolerance and
insulin sensitivity [9]. After a longer period of time, following
rGH treatment, abdominal adiposity is significantly lower and
glucose tolerance significantly better in GH-treated girls with
TS. These findings suggest that GH's salutary effects on body
composition outweigh the acute effects of insulin antagonism
in girls with TS [10].

The aim of the current study was to assess possible meta-
bolic alterations following rGH therapy.

Material and methods

The study comprised 53 TS patients who were genetically
confirmed at the Department of Biology and Genetics of the

2 © Copyright by PTEIDD 2022

Medical University of Gdansk. Patients with thyroid pathology
and diabetes mellitus were excluded. The study was approved
by the local Bioethics Committee. Patients were divided into
2 groups: group 1 included patients who finished rGH therapy
(n = 37), mean age 20.87 =3.69 years, age at start of rGH
therapy was 11.73 years, treatment duration was 4.84 years, in-
terval between rGH discontinuation and study was 4.46 years;
group 2 was composed of patients who did not receive growth-
promoting therapy, i.e. rGH, oxandrolone and other metabolic
steroids, and whose growth was completed at the time of di-
agnosis (n = 16), mean age 23.16 =5.8 years. The mean age
did not differ significantly between groups. There were 40.5% of
patients with X chromosome monosomy in group 1 and 31.2%
in group 2; mosaic TS: 43.2% in group 1 and 62.5% in group 2.
The rarest variant of the karyotype was chromosome X aberra-
tion — group 1: 16.2% and group 2: 6.25%. The spontaneous
puberty in group 1 was 18.9% and in group 2 — 43.7%. Patients
with pharmacological induction of maturation — group 1: 81.1%
and group 2: 56.3%. The mean year of puberty (spontaneous
or induced) was 14.2 in group 1 and 14 years in group 2. In
both groups, patients without spontaneous puberty become
hormonal replacement therapy, no drugs apart from rGH and
sex hormones were given.

Patients were interviewed and examined anthropomorphi-
cally by measuring: height (in cm) using a Harpenden stadi-
ometer, weight (in kg) with a 0.1 kg accuracy, and waist and
hip circumferences (in cm). Waist-to-hip ratio (WHR) and body
mass index (BMI) were calculated. Body composition was as-
sessed using bioelectrical impedance (using Bodystat 1500).
Carbohydrate and lipid metabolism was assessed based on
laboratory tests. Glucose and insulin concentrations were as-
sessed at the following times: 0 (fasting), 30, 60, 90, 120, and
150 minutes of oral glucose tolerance test (OGTT). Glucose se-
rum concentration was determined using an enzymatic spec-
trophotometric method. Insulin serum concentration was de-
termined using a chemiluminescence marker and anti-insulin
antibody-coated microparticles. HbA, was determined using
high-performance liquid chromatography method. Total cho-
lesterol, high-density lipoprotein cholesterol (HDL-C), and trig-
lycerides (TG) were determined using an enzymatic method.
Low-density lipoprotein cholesterol (LDL-C) concentration was
calculated using the Friedewald formula. Adipokine and hs-
CRP concentrations were assessed using immunoenzymatic
assays (ELISA): adiponectin (Total Adiponectin R&D Systems),
omentin (Biovendor), obestatin (Wuhan ElAab science), vis-
fatine (Wuhan ElAab Science), leptin (DRG), apelin (RayBio),
RBP (Wuhan ElAab Science), resistin (R&D Systems), vaspin
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Table I. Insulin sensitivity and pancreatic islets B cell function

Parameter Group 1 Group 2 P
Mean SD Mean SD

HOMA-IR 1.58 1.04 1.64 0.83 NS

Quicki 0.3 0.05 0.29 0.04 NS

Matsuda 8.22 3.35 7.02 3.37 NS

index

HOMA B 191.27 165.94 20145 170.69 NS

Alns0 - 30 88.84 4889 11572 7296 NS

AGIc0 - 30

AUCIns30 0.24 0.12 0.28 0.11 NS

AUCGIc30

AUCIns120 0.041 0.019 0.044 0.016 NS

AUCGIc120

DI, 215 154 277 249 NS

ISSI-2 0.29 0.12 0.3 0.16 NS

SD - standard deviation; Di_ — disposition index oral; ISSI-2 — insulin
secretion-sensitivity index 2

(Biovendor), and hsCRP (DRG). All tests were interpreted with
a STAT FAX 2200 analyser.

The following indices were calculated based on fasting and
OGTT glycaemia and insulinaemia: HOMA-IR, (homeostasis
model assessment of insulin resistance), HOMA-B (homeosta-
sis model assessment of B-cell function), QUICKI (quantitative
insulin sensitivity check index), and Matsuda index. Indices of
pancreatic B-cell function were calculated: oral disposition in-
dex (Di ), which measures sensitivity to oral glucose intake, and
insulin secretion-sensitivity index-2 (ISSI-2) [11, 12].

In the first stage of the analysis standard descriptive statis-
tics of the assessed variables were calculated. The area under
the curve of blood glucose and insulin levels were measured
using cubic splines. Group comparisons were evaluated using
t Student and U Mann-Whitney tests and analysis of variance
tests with post-hoc tests. Correlations between variables were
tested using Spearman’s method. Relationships between cat-
egorical variables were evaluated using the y? test. The mini-
mum level of significance was 0.05.

Results

In the rGH-treated group (group 1) the mean BMI was 23.6
+3.1 kg/m2, waist circumference 78.5 =11.2 cm, and WHR 0.82
+0.07. In group 2 the mean BMI was 24.6 =5.07 kg/m?, waist cir-
cumference 79.9 =15.8 cm, and mean WHR 0.87 +=0.12. There
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Figure 1. Matsuda index values with a cut-off marking the cri-
terion of insulin resistance (Matsuda index < 7.3). Patients with
Matsuda index value < 7.3 were insulin resistant (values below
the marked line)

were no statistically significant differences between the 2 groups
in respect to these parameters. There were, respectively, 35.16
and 43.8% overweight and obese patients in groups 1 and 2.
The difference was not statistically significant (o = 0.482). There
was a statistically significant lower percentage of fat tissue in
group 1 compared to group 2. The mean percentage of fat tis-
sue was 27.46% and 31.75%, respectively, for groups 1 and 2.

Insulin resistance and sensitivity indices were also not statis-
tically different between groups 1 and 2. Similarly, no statistically
significant differences were found in the function of pancreatic
islets’ B cells. Insulin secretion indices in relation to instantane-
ous insulin sensitivity (DI , ISSI-2) also did not differ significantly
(Table ).

To detect patients with insulin resistance, a definition based
on the Matsuda index was used, i.e. an index value of 7.3 or
less. Using this criterion, more patients who met criteria of insulin
resistance were found in group 2 than in group 1, i.e. 56.25% vs.
37.84%, respectively; however, this difference was not statisti-
cally significant (p = 0.2). The proportion of patients who met the
criteria of insulin resistance in both groups is shown in Figure 1.

No statistically significant differences were found in TC,
LDL-C, HDL-C, and TG concentrations between groups (Ta-
ble Il). The concentrations of selected adipokines and hsCRP
did not differ between groups 1 and 2 (Table Ill).

Analysis of relationships between selected anthropomorphic
and metabolic parameters in group 1 revealed a negative corre-
lation between WHR and Matsuda index (o = 0.0177; Figure 2).

Discussion

A subtle difference in insulin resistance between groups 1
and 2 was observed in this study, which was established on the
basis of the Matsuda index. In our report no differences were
found between other pancreatic islet B cells function indicators.
An increase in insulin resistance during rGH therapy in TS pa-

© Copyright by PTEIDD 2022 3
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tients has been confirmed in numerous studies. In comparison  Table Ill. Adipokine and hsCRP concentrations.

to HOMA-IR and QUICKI, the Matsuda index has the highest
sensitivity in detecting insulin resistance both in persons with

normal and with impaired glucose tolerance; this index strongly Parameter Group 1 Group 2 o}
correlates with insulin sensitivity assessment using the eugly-
cemic and hyperglycaemic clamp method. The difference in Mean  SD Mean  SD
insqlin resistance in this study, which was established on the Adiponectin [ug/ml] 3.9 0.4 38 03 NS
basis of the Matsuda index, may suggest that patients who had
Omentin [ng/ml] 5471 252.0 7071 6722 NS
Table II. Lipid concentration Visfatin [ng/ml] 273 38 257 32 NS
Obestatin [pg/ml]  252.3 665 2321 395 NS
Parameter Group 1 Group 2 Jo) Resistin [ng/ml] 9.4 29 134 82 NS
Mean SD Mean SD Leptin [ng/mi] 1.4 1.5 10.5 71 NS
TC [mg%] 1828 323 1831 311 NS RBP [ug/ml] 1075 6.8 1104 7.8 NS
LDL-C [mg%] 1116 329 1123 227 NS Apelin [ng/ml] 1.3 1.3 2.3 1.7 NS
HDL-C [mg%] 572 94 547 157 NS Vaspin [ng/ml] 02 0.1 0.2 0.1 NS
TG [mg%] 841 368 811 257 NS hs-CRP [mg/I] 2.2 2.0 4.7 6.9 NS

TC - total cholesterol; LDL-C — LDL cholesterol: HDL-C — HDL choleste- ~ RBP — retinol-binding protein; hs-CRP — high sensitivity C-reactive

rol; TG — triglycerides protein
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Figure 2. Correlation between Matsuda index and WHR
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been treated with rGH in the past were in slightly better meta-
bolic condition. In several reports where the long-term effects of
rGH on insulin sensitivity were evaluated, also after finishing the
therapy, its decrease was recorded [12—18]. However, there are
also contrasting reports in which no difference was observed
depending on whether rGH therapy was present or not [19-22].

In our study we found no significant differences in BMI and
WHR depending on whether rGH therapy was applied or not.
The same was observed by others [23-25]. In our own study
the mean fat content was lower in group 1 than in group 2;
the difference was statistically significant. These results are in
line with data reported by other researchers, who noted a sig-
nificant decrease in fat tissue and an increase in non-fat body
mass in TS patients during rGH therapy [9, 26]. In a study by Ari
et al. [27] a significantly lower body fat amount in rGH-treated
patients was confirmed; this effect persisted after finishing the
therapy. In another cross-sectional study by American authors
[10] a beneficial effect on body composition of rGH-treated
girls was recorded 2 years after the therapy was finished in
comparison to untreated patients. Based on available data [10,
27] and our own results, it can be concluded that the beneficial
effect of rtGH on the amount of adipose tissue and an increase
in lean body weight in TS patients persists for at least several
years after finishing the therapy.

Our results showed no differences in concentrations of se-
lected adipokines between groups 1 and 2. It is known that adi-
ponectin levels negatively correlate with the degree of obesity.
Decreased adiponectin concentrations are also observed in
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