Annals of Agricultural and Environmental Medicine 2021, Vol 28, No 4, 686-691

www.aaem.pl

ORIGINAL ARTICLE

[@)evne |

Vitamin D, calcium and phosphorus status in
children with short stature - effect of growth
hormone therapy

Maria Klatka*®°F® Matgorzata Partyka>*°£®, Agnieszka Polak>P£®, Barbara Terpitowska*82®,
Michat Terpitowski*®°"”, Renata Chatas>t "

' Department of Paediatric Endocrinology and Neurology, Medical University, Lublin, Poland

2 Department of Orthodontics, Medical University, Lublin, Poland

3 Department of Endocrinology, Medical University, Lublin, Poland

4 Students’ Scientific Society, Chair and Department of Jaw Orthopaedics, Medical University, Lublin, Poland

5 Department of Oral Medicine, Medical University, Lublin, Poland

A - Research concept and design, B — Collection and/or assembly of data, C — Data analysis and interpretation,
D - Writing the article, E — Critical revision of the article, F — Final approval of the article

Klatka M, Partyka M, Polak A, Terpitowska B, Terpitowski M, Chatas R. Vitamin D, calcium and phosphorus status in children with short stature
- effect of growth hormone therapy. Ann Agric Environ Med. 2021; 28(4): 686-691. doi: 10.26444/aaem/139569

I Abstract

Objective. The aim of the study was to assess the level of calcium, phosphorus and vitamin D in the blood of patients
treated for short stature (SS).

Materials and method. The study encompassed 110 children treated for somatotropin hypopituitarism (SHP) in the
Department of Paediatric Endocrinology and Diabetology at the Medical University of Lublin. The levels of calcium,
phosphorus and vitamin D were marked for both groups in the peripheral blood collected on a routine basis for diagnostic
examinations. The parameters were compared within the group of children with SHP, both the patients who were about
to start the therapy and those in the course of the therapy as well as between the research group (110 children) and the
control group.

Results. The results obtained were compared with the results in the control group that comprised 41 children with a general
good health status, although with nasal septum deviation treated in the Department of Paediatric Otolaryngology at the
Medical University of Lublin.

Conclusions. On the basis of the research performed, the following conclusions were drawn: 1) children with SHP were
characterised with calcium-phosphorus imbalance. The level of calcium, phosphorus and vitamin D was diminished. The
values did not change due to a several-year hormone growth treatment (HGT). 2) the level of calcium and phosphorus was
appropriate in the control group children, but the vitamin D level was considerably lowered. This shows the necessity for

vitamin D control and supplementation, not only in children with SS.
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INTRODUCTION

Calcium (Ca), phosphorus (P) and vitamin D play a pivotal
role in the developing organism of a child. They constitute
the building material of the bones and teeth. Insufficient
food intake considerably contributes to the inappropriate
development of bones and teeth, rickets, and tooth decay,
and negatively affects the overall development of a child. The
appropriate level of calcium in the body depends not only on
its food supply/food intake, but also on its absorption. The
range of 10-40% of calcium consumed with food is absorbed
in the digestive tract. Vitamin D plays an important role as
it facilitates building up calcium in the bone [1]. The most
significant supply of calcium takes place in childhood and
adolescence, since the organism endeavours to reach the
highest level of bone mass.

Apart from calcium, phosphorus is also an important
building component for bones and teeth. It is present in
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the body mainly in combination with oxygen in the form
of phosphates (PO,). The presence of calcium and vitamin
D intensifies the activity of phosphates which are found in
food; thus, its insufficiency in the body is rare. Long-lasting
lack can lead to rickets and decalcification of bones. Calcium
and phosphorus play important roles in many biological
processes, and studies have shown that they may have a
positive regulatory role in cell growth and proliferation.
Calcium is needed for muscle contraction, hormone release,
blood clotting concatenation and neuronal excitation.
Phosphorus is involved in the body’s energy metabolism,
nucleic acid synthesis, and cell signalling conduction and
cell membrane stabilization [2]. The regulation of calcium
and phosphates concentration in the serum depends on
the combined activity of the parathyroid hormone (PTH),
vitamin D and calcitonin. Growth hormone (GH), prolactin,
glucocorticosteroids, thyroid hormones, prostaglandins, and
somatomedins have an additional influence on calcium and
phosphates metabolism [3].

The issue of vitamin D insufficiency concerns many
countries, both those with a lower level of medical care and
those with appropriate prevention of vitamin D insufficiency.
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The earliest prodrome of its shortage occurs at the age of two
and during puberty [4]. Vitamin D, which is produced in the
integumentary system due to the sun’s rays, isa provitamin that
activates itself after a two-step process taking part in the body
[5]. The first part of the process, called hydroxylation, takes
place in the liver on carbon-25 to yield 25-hydroxyvitamin
D 25(0OH)D, which is carried to the blood circulation [6].
The other step of hydroxylation takes place in the kidneys on
carbon-1 under the influence of 1 alphahydroxylase to active
hormone 1,25(OH), D representing the characteristic activity
of vitamin D [7]. Hydroxylation in the kidneys is controlled
by PTH, Ca and P, as well as other hormones. Vitamin D
receptors (VDR) participate in the activity of vitamin D and
they act like transcription factors. The receptor mechanism
enables vitamin D to regulate mineral homeostasis in the
organism. Due to vitamin 1,25(OH), D, the absorption of
calcium and phosphorus in the intestines is possible, though
itis less dependent on the vitamin in the case of phosphorus
than calcium. If there is vitamin D deficiency, the absorption
of calcium is considerably greater than that of phosphorus.
Vitamin 1,25(0OH), D affects the proliferation of healthy and
cancerous tissue. It has an immunomodulating function
which has been confirmed by long-term clinical observation
of children with vitamin D deficiency who more frequently
contracted many infections [8].

Short stature (SS) - disorders of height and development.
The process of growth relies on increasing the measurements
and development of organs that leads to the change of
body proportions, from those typical for children to those
typical for adults. The order of growth stages is genetically
determined and each takes places after the completion of the
previous one. The secretion of growth hormone (GH) by the
pituitary is pulsating, and the frequency as well as intensity
of the impulses depend on age and gender. Physiological
impulses affecting GH secretion include, among others,
hunger, physical effort, sleep and stress. During sleep, the
pituitary releases around 70% of the twenty-four-hour
amount of hormone. Somatotropin influences tissues to
stimulate harmonious growth of all organs [9].

Therefore3, SS is defined as body height below the 3rd
percentile on a percentile grid, or below 2 standard deviations
(-2SD) from the mean for a particular population. The
problem involves roughly 3% of children [10].

GH is known to affect body composition, bone
mineralization, as well as lipid and glucose metabolism.
The condition of GH deficiency (GHD) has been accepted
as a definite syndrome, and the clinical and biochemical
abnormalities in GHD patients are also well known. They
involve mainly the cardiovascular system, lipid metabolism,
body composition, mineral metabolism, and quality of life
(11,12].

Growth rate depends on absorption of nutrients.
Inappropriate intake of many nutrients, including calcium,
phosphorus and vitamin D, can negatively influence the
mineralisation and growth of bones [13]. There is a great
deal of concern regarding calcium, phosphorus and vitamin
D intake, as well as biochemical changes in children and
adolescents, which resulted in the current investigate into the
levels of calcium, phosphorus and vitamin D during growth.
Calcium has a major role in the development and maintenance
of peak bone mass during childhood and adolescence, as well
as in the subsequent prevention of osteoporosis. Calcium

absorption and bone calcium accretion are affected by dietary
calcium and vitamin D status. The former can be assessed
by dietary history and the latter by the serum concentration
of 25 (OH)D, [14]. Phosphorus is found in food; thus, its
insufliciency in the body is rare. Long-lasting lack can lead to
rickets, decalcification of the bones and growth disorders [2].

OBJECTIVE

The aim of the study was assessment of the calcium,
phosphorus and vitamin D levels in the blood of patients
diagnosed and treated for short stature (SS) in the Department
of Endocrinology and Paediatric Diabetology at the Medical
University of Lublin, compared with a control group.

MATERIALS AND METHOD

Characteristics of the research and control groups. The
study encompassed 110 children (27 girls and 83 boys) with
somatotropinic hypopituitarism (SHP), hospitalized in the
Department of Paediatric Endocrinology and Diabetology
at the Medical University of Lublin.

A total of 47 children (43%), who had their GH treatment
initiated (SHP group was about to start the treatment), and
63 children (57%), who had been treated for 2-3 years (SHP
group in the course of the treatment) constituted the research
sample. Selected parameters were assessed in both groups.

The control group consisted of 41 children with nasal
septum deviation, also hospitalized in the Department of
Paediatric Otolaryngology at the Medical University of
Lublin. In the group of patients with SS, the mean calendar
age was 13 years, with a standard deviation of 2 years and
6 months. In the control group, the mean calendar age was
11 years and 5 months, with a standard deviation of 2 years
and 5 months. The same parameters were assessed in the
control group.

The research was approved by the Bioethics Committee at
the Medical University of Lublin (No. KE-0254/216/2015).

Research methods. The levels of calcium, phosphorus and
vitamin D in the group of children with SS and the control
group were assessed in the peripheral blood collected on a
routine basis for diagnostic examinations. The assessment
of calcium concentration was performed with an analyzer
Arsenawo III in the Laboratory of Medical Analyses ALAB
of the Independent Public Clinical Hospital No. 4 in Lublin.
Phosphorus concentration was determined by means of
the spectrophotometric method with ammon molibdenite
with sulphuric acid in the Laboratory of Medical Analyses
ALAB of the Independent Public Clinic Hospital No. 4 in
Lublin. The total concentration of 25(OH) D, was determined
with the Cobas 411 Analyzer by Roche Diagnostic in the
Laboratory of Medical Analyses ALAB of the Independent
Public Clinical Hospital No. 4 in Lublin.

Statistical analysis. The research results were introduced into
the spreadsheet Microsoft Excel 2010. The statistical analysis
was conducted using Statistica 10 (Statsoft Inc., USA).
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RESULTS OF LABORATORY EXAMINATIONS

Calcium level. The normal range for the blood calcium level
in children above 1 year of age is 8.4-10.4 mg/dl (2.20-2.78
mmol/I) [15]. In the control group, the mean level of calcium
was 8.92 mg/dl with a standard deviation of 1.63; median
- 9.30. In the control group, 32 patients (82%) had their
calcium level within the normal limits, but in 7 patients
(18%), the level of calcium was below the norm. The range
of confidence interval for the mean was 8.39-9.45. Student’s
t-test for the mean value did not show that the level of calcium
was significantly lower than the minimum limit.

In the group of patients with SS, the mean value of calcium
was 2.46 mg/dl £0.11; median value - 2.46. In the group of
patients with SS, 108 patients (100%) had the level of calcium
below the minimum limit. The range of confidence interval
for the mean value was 2.44-2.48. Student’s t test for the mean
value showed that the level of calcium was significantly lower
than the minimum limit (p=0.000).

Phosphorus level. The normal range for blood phosphorus
level in children above 1 year of age is 3.4-6.2 mg/dl
(1,10-2,0mmol/1) [16]. In the control group, the mean level
of phosphorus was 4.12 mg/dl +0.89; median - 4.30.

In the control group, 34 patients (87%) had their phosphorus
level within the normal range, but in 5 patients (13%), the level
of phosphorus was below the norm. The range of confidence
interval for the mean was 3.84-4.41. Student’s t-test for the
mean value did not show that the level of phosphorus was
significantly lower than the minimum limit.

Level of vitamin D (25(OH)D,). The normal range for blood
Vitamin D level is 30-80 ng/dl [17]. In the control group, the
mean level of vitamin D was 16.75 ng/dl £6.16; median was
16.30. In the control group, 2 patients (5%) had their vitamin
D level within the normal range, but in 35 patients (95%),
the level of phosphorus was below the norm. The range of
confidence interval for the mean was 14.69-18.80. Student’s
t-test for the mean value showed that the level of vitamin D
was significantly lower than the minimum limit (p=0.000).

In the group of patients with SS, the mean level of vitamin
D was 25.67 ng/ml £10.32; median - 24.90. In the group of
patients with SS, 31 patients (29%) had their vitamin D level
within normal limits and 76 patients (71%) had vitamin D
level below the minimum limit. The range of confidence
interval for the mean was 23.70-27.65. Student’s t-test for
the mean value showed that the level of vitamin D was
significantly lower than the minimum limit (p =0.000).

Significant differences in the level of calcium, phosphorus
and vitamin D were found between the control group and
the group of patients with SS. The level of calcium and
phosphorus in patients with SS was significantly lower than
the level of calcium and phosphorus in the control group
(p=0.000) (Fig. 1, Fig. 2). Differences in mean values were
6.46 and 2.58, respectively. The level of vitamin D in patients
with SS was significantly higher than the vitamin level in
the controls (p=0.000). The difference in mean values was
8.92 (Fig. 3).

Level of calcium, phosphorus and vitamin D in patients
with SS, according to the stage of treatment. In the group
of patients with SS, no statistically significant differences
were found in the mean level of calcium, phosphorus and
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Figure 1. Mean and standard error of calcium level in the control group and group
of patients with SS (p=0.000)
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Figure 2. Mean and standard error of phosphorus level in the control group and
group of patients with SS (p=0.000)
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Figure 3. Mean value and standard error of the level of vitamin D in the control
group and the group of patients with SS (p=0.000)

vitamin D dependent on the stage of treatment (in all cases
p>0.05). Detailed values of the mean and standard deviation
for each group are shown in Table 1.
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Table 1. Mean values and standard deviation of the level of calcium,
phosphorus and vitamin D in the group of patients with SS, dependent
on the stage of treatment

Stages of treatment

Parameter SHP in the course of treatment SHP about to start treatment
Calcium 2.46 +0.13 mmol/I 2.49 £ 0.09 mmol/I
Phosphorus 1.53 +0.22 mmol/| 1.56 + 0.13 mmol/I
Vitamin D 26.42 +11.42 ng/dI 24.01 +9.42 ng/dl
DISCUSSION

Human development is a complex mechanism dependent
on genetic, environmental, nutritional and hormonal
factors. The main hormone involved in growth at all stages
of development is growth hormone (GH),and its mediator,
insulin-like growth factor 1 (IGF-1). Vitamin D, on the
other hand, is involved in the processes of bone growth
and mineralization by regulating calcium and phosphorus
metabolism. Nevertheless, no scientific study has yet made
it clear how they interact, especially as a dysfunction where
one affects the other, even though numerous biochemical and
clinical studies support a close relationship [18].

Vitamin D is a steroid playing a crucial role in the
regulation of calcium and phosphorus levels in the organism
that affects the appropriate development and density of the
bones, as well as the condition of the teeth [19]. Significant
differences in the level of calcium, phosphorus and vitamin
D were found between the control group and the group of
patients with SS. The level of calcium and phosphorus in
patients with SS was significantly lower than the level of
calcium and phosphorus in the control group (p=0.000).
Differences in mean values were 6.46 and 2.58, respectively.
The level of vitamin D in patients with SS was significantly
higher than the vitamin level in the controls (p=0.000). The
difference in mean values was 8.92.

Rickets, both vitamin D dependent and vitamin D
resistant, constitutes a genetically conditioned metabolic
disorder in children. In the research by Gordom et al. [20],
vitamin D deficiency was present in many US adolescents
in an urban clinic-based sample. Research by Ross found
that the prevalence of vitamin D deficiency was highest in
African-American teenagers during winter, although the
problem seemed to be common across genders, seasons,
and ethnicity [1]. Zak et al. [21] researched 120 children
and youths aged 7-21 years treated for SHP, in which the
assessment of blood calcium and phosphates concentration
was carried out. The mean values remained within normal
limits before treatment and did not differ, namely, statistically
significant after the introduction of hormonal therapy:
calcium 9.1+/-0.2 mg/dl vs. 10.11+/-0.57mg/dl, phosphorus
4.38+/-0.45mg/dl vs. 4.53+/-0.55mg/dl). Minghui et al. [2]
described a positive correlation between IGF-1 and serum
calcium, and a non-linear relationship between IGF-land
serum phosphorus by adjusting for potential confounding
factors in children and adolescents with short stature.
This finding suggests that serum calcium and phosphorus
levels in children and adolescents with short stature may
affect IGF-1 concentrations. Calcium is a crucial mineral
component in the organism, 99% of its systemic quota is
localised, along with phosphorus in the bones, in the form
of hydroxyapatite.

Studies by Sun et al. [22] demonstrated that in Chinese
children and adolescents with short stature, circulating
calcium and phosphorus concentrations may be associated
with the regulation of IGF-1 levels, and this relationship
merits further investigation. Khadilkar et al. [23] proved
that calcium and vitamin D supplementation has a positive
influence on an increase in bone minerals in children with
SHP who were treated with GH. The levels of calcium,
phosphorus and vitamin D were found to change, dependent
on the stage of GHT. Statistical analysis showed that it
does not change in the course of the treatment (in all the
cases p>0.05). The research results obtained in the control
group seem to be worrying since blood vitamin D level was
considerably lowered in the children compared to the normal
range of 14.69- 18.80 ng/ml (norm 30- 80 ng/ml). Dura- Trave
et al [24] noticed that GH treatment, at least during the first
2 years, does not modify the vitamin D levels. Vitamin D
deficiency could condition the response to GH therapy so
vitamin D monitoring should be considered as part of the
routine evaluation of children with GH treatment.

Although the correlation between vitamin D and growth
hormone (GH)-insulin-like growth factor 1 (IGFI) axis
is documented, to-date, few and conflicting studies have
prospectively analyzed vitamin D before and after GH
treatment. The aim of Ciresi’s research was to evaluate how
the condition of GH deficiency (GHD) or GH treatment
influences vitamin D in children. They obtained similar
results; their research demonstrated a very high prevalence
of hypovitaminosis D in Sicilian GHD children, with an
improvement after 12 months of GH treatment. Vitamin D
assessment should therefore be considered routinely in GHD
children both at diagnosis and during the follow-up [25].

The results of studies by Savanelli et al. indicate more
frequent occurrence of vitamin D deficiency in patients
with SHP than in healthy people [26]. Karczmarewicz
et al., analyzing the studies conducted to-date in various
age groups in the population of children in Poland,
investigated whether children suffering from SHP are at risk
of vitamin D deficiency, in the same way as healthy children
[27]. Rasha Tarif Hamza et al. in their studies found that
hypovitaminosis D is common in children with GHD, and
improved significantly 1 year after GH therapy. The authors
agree that 25(OH)D, should be assessed in children with
GHD at diagnosis and during follow-up [28].

There are significant differences in the recommendations
for optimal vitamin D concentration. Veugelers et al. [29]
took a dual approach to answer this question: 1) they collected
108 published estimates of vitamin D supplementation and
vitamin D status, and 2) analyzed 13,987 observations of
programme participants. An aggregation of the published
data showed that 2909 IU vitamin D per day are needed for a
serum 25-hydroxyvitamin D (25(OH)D,) concentration of 50
nmol /L, or greater in 97.5% of healthy subjects. For normal
weight, overweight and obese participants, the figures were
3,094, 4,450,and 7,248 IU, respectively. These supplementation
doses would also result in 2.5% normal weight, overweight
and obesity with 25(OH)D, concentrations above 210, 200,
and 214 nmol / L, respectively. As these concentrations are
high, a risk minimization approach for both low and high
concentrations appears desirable. With this approach, it was
estimated, for example, that doses of 1,885, 2,802, and 6,235
IU per day are required for normal weight, overweight and
obese people, respectively, to achieve the natural 25(OH)D,
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concentration (defined as 58-171 nmol / L). Overall, the wide
variability in 25(OH)D, concentrations makes the RDA for
vitamin D neither desirable nor feasible. Paramouti et al.
[30] report that the difference in the American Institute of
Medicine’s recommendations and the American Endocrine
Society’s Practice Guidelines reflect different goals and views
on the current evidence. Significant gaps still exist in the
literature and research into vitamin D treatment is needed to
evaluate changes in outcomes at different 25 (OH) D levels.

The problem of vitamin D deficiency occurs in many

countries, both those with a relatively low quality of medical
care and those with appropriate prevention of vitamin D
deficiency [31, 32]. Surprisingly, there are many research
reports on commonly-known hypovitaminosis of vitamin

D

also in people well-exposed to the sun because of their

place of residence [33, 34]. This unexpected phenomenon

is

explained by a change of lifestyle. Nowadays, the period

of sun exposure in children has been considerably lowered.

Vitamin D deficiency resulting from reduced activation

of the acquired immune system can lead to, among other
things, disorders of the immune system such as diabetes type

1’

asthma, rheumatoid arthritis and multiple sclerosis [35,

36, 37, 38]. Neoplasms, blood vessel disorders, diabetes type

2>

obesity and hypertension [39, 40] are increasingly more

frequently attributed to, among other things, an insufficient
level of vitamin D in the body. Based on the results of the
authors’ own research and that of many other researchers,
the assessment of blood vitamin D level, and if necessary
its supplementation, are of great significance in the era of
vitamin D deficiency [41].

CONCLUSIONS

On the basis of the aforementioned research, the following
conclusions were drawn:

1

. Children with SHP are characterised by calcium and

phosphorus imbalance. The levels of calcium, phosphorus
and vitamin D were lowered and did not change due to
several-year GHT.

. The levels of calcium and phosphorus were appropriate

in children from the control group; however, vitamin D
level was considerably lowered. This shows the necessity
for controlling the blood vitamin D level and possible
supplementation, not only in children with SS.
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