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Abstract

Growth hormone and insulin-like growth
factor-1 (IGF-1) play a crucial role in the
regulation of bone turnover. Adequate vita-
min D status supports proper bone
remodeling, leading to normal longitudinal
bone growth and normal peak bone mass.
The aim of this study was to evaluate the
association between serum
25-hydroxyvitamin D  [25(OH)D] and
carboxy-terminal cross-linked telopeptide of
type 1 collagen (ICTP) in children and
adolescents with growth hormone deficiency
at baseline and during recombinant human
growth hormone (thGH) replacement therapy.
The study was prospective and included
30 children and adolescents aged 5 to
17 years. Concentrations of 25(OH)D, ICTP,
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and IGF-1 were measured at baseline and
during the first year of thGH therapy. Baseline
serum 25(OH)D concentration correlated with
ICTP concentrations during the first trimester
of thGH therapy (r = 0.38, p < 0.050); the
correlation was stronger in the second trimes-
ter of therapy (r = 0.6, p = 0.002). We con-
clude that proper vitamin D status is important
in reaching the adequate dynamics of bone
remodeling during growth, which is essential
to achieve a catch-up growth during rhGH
therapy.
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1 Introduction

Bone turnover is regulated by a variety of factors
that act systemically or locally. Some of them are
nutritional factors, including 25-hydroxyvitamin
D [25(OH)D] (Schwetz et al. 2017; Bonjour et al.
2014). Hypovitaminosis D is common among
children and adolescents, especially those who
do not receive supplementation during autumn
and winter seasons. The relationship between
bone turnover markers and 25(OH)D status is
not quite clear, but in recent years it has been
studied extensively in children, adolescents, and
adults (Larijani et al. 2016; Thiering et al. 2015;
Napoli et al. 2014; Fares et al. 2003). Bone
turnover markers are widely used in medicine.
They are a useful tool in evaluating bone health,
diagnosing, and in treatment monitoring in pri-
mary and secondary bone diseases in oncology,
rheumatology, nephrology, cardiology, and
endocrinology (Shetty et al. 2016; Fardellone
et al. 2014; Wheater et al. 2013; Lijnen et al.
2012; Coleman et al. 2011). In pediatric endocri-
nology, bone turnover markers are used in the
evaluation of skeletal metabolism and growth
(Bowden et al. 2016; Szulc et al. 2000). These
markers could be particularly helpful in meta-
bolic disorders related to diabetes, obesity, and
in those patients who are treated with
corticosteroids ~ (Matusik et al. 2015;
Zhukouskaya et al. 2014). In children with
growth hormone deficiency, selected bone turn-
over markers could be used to monitor the effi-
cacy of recombinant human growth hormone
(rthGH) therapy (Andersson et al. 2015;
Kandemir et al. 2002). The interpretation of
bone turnover marker values could be difficult
due to their variability depending on age, puber-
tal stage, current growth velocity, mineral
accrual, nutritional status, and the influence of
hormones, especially growth hormone/insulin-
like growth factors (GH/IGFs) axis and sex
steroids (Locatelli and Bianchi 2014; Federico
et al. 2003; Szulc et al. 2000).

Classical biochemical markers of bone turn-
over are divided into two groups: bone formation
markers and bone resorption markers. Bone
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formation markers are products of osteoblasts’
activity during different phases of their develop-
ment. These markers are measured in serum or
plasma and they are categorized as by-products
of collagen synthesis [carboxy- (PICP) and
amino-terminal ~ (PINP)  propeptides  of
procollagen type I], osteoblast enzymes [total
alkaline phosphatase (ALP) and bone-specific
alkaline phosphatase (BALP)], and matrix
proteins [osteocalcin (OC)]. Bone resorption
markers, on the other side, arise during the
resorption phase of bone remodeling. They can
be measured in serum or urine. They are mainly
products of collagen degradation by osteoclasts,
such as telopeptides of type I collagen (carboxy-
terminal: CTX-1 and ICTP, also referred to as
CTX-matrix metalloproteinases - MMP; and
amino-terminal: NTX-1), hydroxyproline and
pyridinium crosslinks [pyridinoline (PYD),
deoxypyridinoline (DPD)]. Bone resorption
markers are also non-collagenous proteins
(bone sialoprotein) and osteoclastic enzymes
[tartrate-resistant acid phosphatase — isoform 5b
(TRAP5Db), cathepsin K] (Chapurlat and
Confavreux 2016; Wheater et al. 2013; Szulc
et al. 2000). According to Shetty et al. (2016),
the group of bone resorption markers also
includes osteocyte activity markers such as a
receptor activator of nuclear factor kappa-B

ligand (RANKL), osteoprotegerin (OPQG),
Dickkopf-related protein-1 (DKK-1), and
sclerostin. Recently, some authors have

described potential new bone markers such as
markers of bone metabolism (periostin and
sphingosine-1-phosphate), hormones (fibroblast
growth factor-23, klotho, osteocalcin), and
micro-RNAs (miR-148a, miR125b) (Chapurlat
and Confavreux 2016; Garnero 2014).

The aim of the present study was to evaluate
the association between serum 25(OH)D and
carboxy-terminal cross-linked telopeptide of
type I collagen (ICTP) levels in children with
growth hormone deficiency at baseline and during
the first year of rhGH therapy. We also sought to
determine if ICTP could help predict the growth
response to rhGH therapy in children and
adolescents with growth hormone deficiency.
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2 Methods

The study was approved by the Bioethics Com-
mittee of Medical University of Warsaw, Poland.
All patients or their parents gave written
informed consent for participation in the study.
The study was conducted at the Department of
Paediatrics and Endocrinology of the Medical
University of Warsaw in Poland in the years
2013-2016 and it included 30 children and
adolescents (9 girls and 21 boys) aged
4.8-16.6 years (mean 11.4 £ 3.2 years) with
growth hormone deficiency. The study was pro-
spective in nature as it evaluated the first year of
rhGH treatment. Growth hormone deficiency
was  diagnosed as  growth  hormone
concentrations below 10 ng/ml in the following
three tests: one test evaluating spontaneous
growth hormone secretion at night during sleep
and two stimulation tests with different stimuli
such as clonidine, insulin, glucagon, or arginine.
The maximum growth hormone secretion in a
particular patient was defined as the highest con-
centration of growth hormone in any of the three
tests. Growth rate at baseline was calculated
based on the measurement of height taken twice
at  six-month intervals.  Anthropometric
measurements were taken at baseline and after
3, 6, and 12 months of rhGH treatment. Based on
those measurements, growth rate in the first year
of thGH treatment was calculated. Bone age was
evaluated in each patient using the Greulich and
Pyle method at baseline and after 12 months of
rhGH treatment (Greulich and Pyle 1959). 25
(OH)D concentration was measured at baseline
and after 6 and 12 months of thGH treatment.
ICTP and insulin-like growth factor-1 (IGF-1)
were measured at baseline and after 3, 6, and
12 months of rhGH treatment. The mean dose
of thGH in the first 12 months of therapy was
0.187 mg/kg/week. Apart from rhGH treatment,
all patients received cholecalciferol in doses of
1,000 TU/day within the first 12 months of thGH
therapy.

2.1 Biochemical Evaluation

GH and IGF-1 concentrations were measured by
immunoassay using Immulite Analyzer from
Siemens (Erlangen, Germany); 25(OH)D con-
centration was measured by immunoassay using
Architect Analyzer (Abbott Diagnostics; Abbott
Park, IL); and ICTP concentration was measured
by Human ICTP ELISA kit using Asys UVM
340 Microplate Reader from Biochrom
(Cambridge, England).

2.2 Statistical Elaboration

Data are reported as means +SD, median and
interquartile ranges, or as percentages. Data nor-
mality was checked by the Shapiro-Wilk normal-
ity test. Comparisons between baseline and
treatment values were conducted using the
Wilcoxon signed-rank test for non-parametric
parameters and a ttest for parametric
parameters. In addition, Spearman and Pearson’s
correlation analyses were performed. A p-value
<0.05 was used to indicate statistically signifi-
cant differences. Statistical elaboration was
conducted with a commercial Statistica v13.1
package (StatSoft; Tulsa, OK).

3 Results

The maximum growth hormone secretion in the
study group was 7.4 £ 1.7 ng/ml. In the first year
of rhGH therapy, the mean growth rate increased
significantly from 4.6 £ 1.3 cm/year at baseline
to 9.3 £ 1.8 cm/year (p < 0.00001). Height
deficit declined during that time from
2.5 £ 04 cm at baseline to —1.9 £ 0.5 cm
(p < 0.00001). A reduction in height deficit was
significant as early as after the first trimester of
rhGH therapy (p < 0.00002). The mean bone age
increased significantly after the start of rhGH
therapy from 8.9 £ 3.1 years at baseline to
10.6 + 3.0 years (p < 0.000001). The
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characteristics of the study group at baseline and
during the first 12 months rhGH therapy are
shown in Table 1. The mean 25(OH)D concen-
tration was 24.2 + 7.8 ng/ml at baseline and
increased significantly during the first 6 months
of rhGH therapy to 28.5 £+ 5.3 ng/ml
(p = 0.014). 25(OH)D concentration after six
and 12 months of rhGH therapy was not appre-
ciably different. The mean ICTP value at base-
line was 0.72 £ 0.42 ng/ml and decreased after
the first 3 months of thGH therapy to
0.68 = 0.27 ng/ml; the difference was insignifi-
cant. After 6 months of thGH therapy, ICTP
concentration increased to 0.79 £+ 0.49 ng/ml,
which was higher than the baseline value
(p = 0.02). After 12 months of thGH therapy,
ICTP concentration slightly decreased to
0.74 £ 0.11 ng/ml; the figure was still signifi-
cantly greater than the baseline level (p < 0.001),
but not so compared with the level present
6 months after thGH therapy. As expected,
IGF-1 concentrations increased significantly in
the first 12 months of rhGH treatment
(p < 0.000001), and the difference was signifi-
cant as early as after 3 months of therapy
(p = 0.000002). Table 2 details the biochemical
indices evaluated at baseline and during thGH
treatment.
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The serum 25(OH)D concentration did not
correlate with that of ICTP at baseline, but it
did correlate with ICTP changes during the first
3 months of thGH therapy (r = 0.38, p < 0.05,
Fig. 1). Likewise, there was no correlation
between the serum 25(OH)D and ICTP after
6 months of rhGH therapy, but 25(OH)D did
correlate with ICTP changes between the three
and 6 months of thGH therapy (r = 0.6,
p = 0.002) (Fig. 2). The latter correlation was
no longer present after 12 months of therapy. In
addition, we found that ICTP changes between
baseline and first 6 months of fhGH therapy
correlated positively with growth rate (cm/year)
(r =043, p = 0.042).

4 Discussion

Growth hormone, insulin-like growth factors,
and IGF-binding proteins are essential proteins,
among many other factors regulating bone turn-
over, for achieving a normal longitudinal bone
growth and peak bone mass (Schwetz et al. 2017;
Bonjour et al. 2014). During puberty GH/IGF
axis’s effects on bone are supported by sex
steroids action (Locatelli and Bianchi 2014;
Mrak et al. 2007). Bone development is also

Table 1 Characteristics of the study group at baseline and during recombinant human growth hormone (thGH)

replacement therapy

Parameter Baseline
Height SDS for age ‘ —2.51 £ 042
Body mass SDS for height-age ‘ 0.12 +£ 0.77
BMI SDS for height-age ‘ 0.18 £+ 1.09
Bone age (years) ‘ 8.92 4+ 3.07
Growth rate (cm/year) ‘ 4.62 + 1.29

Three months Six months Twelve months
| —230£041 | -216+037 | —1.89+049
10.01 £ 0.80 | —0.08£0.76 | 0.02 % 0.65
10.12 £ 1.04 | —0.06£098  |0.07+0.84
\ \ 110.58 + 3.02
\ \ 19.34 4+ 1.80

Data are means +SD. BMI body mass index (kg/mZ), SDS standard deviation score

Table 2 Biochemical indices at baseline and during recombinant human growth hormone (thGH) replacement therapy

Parameters Baseline Three months Six months Twelve months
25(0H)D (ng/ml) 1242 +7.8 |- 1285 £5.3 1285 £ 7.7
ICTP (ng/ml) 1072 +0.42 10.68 + 0.27 10.79 + 0.49 10.74 £ 0.11
IGF-1 (ng/ml) | 167.4 + 93.1 1347.0 £ 192.2 1375.9 +210.3 14532 +242.6

Data are means £SD. 25(0OH)D 25-hydroxyvitamin D, ICTP carboxy-terminal cross-linked telopeptide of type 1

collagen, /GF-1 insulin-like growth factor-1
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Fig. 1 Correlation between the baseline 25(OH)D level and changes in the concentration of carboxy-terminal cross-
linked telopeptide of type I collagen (ICTP) during the first 3 months of recombinant human growth hormone (thGH)
replacement therapy
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Fig.2 Correlation between the 25(OH)D level at 6 months and changes in the concentration of carboxy-terminal cross-
linked telopeptide of type I collagen (ICTP)between three and 6 months of thGH therapy
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affected by genetic and environmental factors
such as nutrition and lifestyle, including calcium
intake and 25(OH)D level. Adequate 25(OH)D
status is needed to achieve peak bone mass and
25(OH)D contributes to normal bone formation
and resorption (Rizzoli et al. 2010). 25(OH)D is
especially important in adolescents because of
rapid growth during puberty and development
of peak bone mass (Fares et al. 2003). There is
no clear explanation of the relationship between
bone turnover markers and 25(OH)D, although
this relationship has been extensively studied in
recent years (Schwetz et al. 2017, Larijani et al.
2016, Thiering et al. 2015, Napoli et al. 2014).
Bone turnover correlates closely with growth rate
and pubertal status, and it is at its dynamic most
during the first 2 years of life and during the
adolescence growth spurt. A faster bone turnover
in these two periods is accompanied by a large
increase in the concentration of bone remodeling
markers (Fares et al. 2003; Federico et al. 2003).
A study by van Coeverden et al. (2002) shows
that markers of bone formation (BALP, OC, and
PICP) and markers of bone resorption (ICTP) in
children and adolescents reach the maximum
values at pubertal stage G4 in boys and Th 3 in
girls. The markers content parallels the increases
in sex steroids and IGF-1 concentrations.

In children with growth hormone deficiency,
content of bone turnover markers declines as a
consequence of decreased bone metabolism,
which leads to decreased bone mineral density
(Szulc et al. 2000; Vihervuori et al. 1997; Kubo
et al. 1995). GH therapy stimulates the secretion
of insulin-like growth factors-1 and IGF-binding
protein-3, which activates bone turnover. After
onset of growth hormone therapy, markers of
both bone formation and resorption increase
with a peak between the three and 6 months of
treatment and then remain elevated over the fol-
lowing months of therapy (Andersson et al. 2015;
Mrak et al. 2007; Kandemir et al. 2002;
Baroncelli et al. 2000).

In the present study, ICTP values increased
significantly after onset of rhGH therapy, with a
peak at 6 months of therapy and remained still
higher than the baseline value at 12 months of
therapy. This is in line with the studies of other
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authors above mentioned. Changes in ICTP con-
tent within the first 6 months of therapy
correlated positively with the growth rate
achieved in the first year of thGH therapy. That
supports the hypothesis that biochemical markers
of bone turnover can help predict the gain in
height during thGH therapy. According to the
literature, PICP, and BALP among bone forma-
tion markers, and ICTP, PYD, and DPD among
bone resorption markers have the greatest predic-
tive strength (Szulc et al. 2000; Kubo et al.
1995).

In the present study, the mean baseline 25
(OH)D level was 24.2 + 7.8 ng/ml. Vitamin D3
supplementation had been recommended to most
patients in a dose of 1000 IU/d before onset of
rhGH therapy, while diagnosing short stature.
After regular supplementation, 25(OH)D level
increased to 28.5 + 5.3 ng/ml at 6 months,
reaching a plateau for the next months. The base-
line 25(OH)D values were not associated with
the baseline ICTP values. We failed to find a
direct correlation between the 25(OH)D and
ICTP levels in any of the measurements at any
evaluated time point, but we found a correlation
between the 25(OH)D levels and changes in
ICTP concentrations during thGH therapy. Base-
line 25(OH)D correlated positively with an
increase in ICTP concentrations during the first
3 months of thGH therapy, while 25(OH)D level
after 6 months of therapy correlated with changes
in ICTP concentrations between the three and
6 months of therapy. Those results are in line
with some recent studies that have shown a posi-
tive correlation between the serum 25(OH)D
level and bone turnover. Such a correlation has
been found in healthy children and adolescents
during rapid growth during puberty, and in chil-
dren with GHD during catch-up growth after
onset of thGH therapy (Larijani et al. 2016;
Thiering et al. 2015; Fares et al. 2003). These
results confirm that proper 25(OH)D status is
important in the bone remodeling during growth
and helps improve the growth rate. Vitamin D3
supplementation is important during rapid
growth in healthy children and adolescents and
in children treated with rhGH.
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5 Conclusions

Bone resorption increases significantly after
onset of thGH therapy. Early increases in the
concentration of carboxy-terminal cross-linked
telopeptide of type I collagen correlate with the
growth rate during thGH therapy. Correct vita-
min D3 status contributes to an increase in bone
turnover after onset of thGH therapy, which is
necessary to achieve catch-up growth. Vitamin
D3 supplementation should be recommended to
patients with growth hormone deficiency treated
with thGH.

Conflicts of Interest The authors declare no conflicts of
interest in relation to this article.
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