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Abstract
Background: Human growth is a complex mechanism that depends on genetic, environmental, nutritional and
hormonal factors. The main hormone involved in growth at each stage of development is growth hormone (GH) and
its mediator, insulin-like growth factor 1 (IGF-1). In contrast, vitamin D is involved in the processes of bone growth and
mineralization through the regulation of calcium and phosphorus metabolism. Nevertheless, no scientific study has
yet elucidated how they interact with one another, especially as a dysfunction in which one influences the other, even
if numerous biochemical and clinical studies confirm the presence of a close relationship.
Main body: We reviewed and analyzed the clinical studies that have considered the relationship between vitamin D
and the GH/IGF-1 axis in pediatric populations. We found two main areas of interest: the vitamin D deficiency status in
patients affected by GH deficit (GHD) and the relationship between serum vitamin D metabolites and IGF-1. Although
limited by some bias, from the analysis of the studies presented in the scientific literature, it is possible to hypothesize
a greater frequency of hypovitaminosis D in the subjects affected by GHD, a reduced possibility of its correction with
only substitution treatment with recombinant growth hormone (rGH) and an improvement of IGF-1 levels after supplementation treatment with vitamin D.
Conclusions: These results could be followed by preventive interventions aimed at reducing the vitamin D deficit in
pediatric age. In addition, further research is needed to fully understand how vitamin D and growth are intertwined.
Keywords: IGF-1, Growth hormone, Growth hormone deficit, Recombinant growth hormone, Vitamin D
Background
In recent years, an increasing number of scientific studies
have analyzed the effects of vitamin D on the human body
and have particularly focused on the consequences of its
deficiency. Although a vitamin D deficit is still the most
common type of vitamin deficiency in the world, it goes
without being diagnosed for a long time [1]. The worldwide prevalence of this condition varies greatly from
country to country, and it reaches in some cases, peaks of
98% of the population. It is estimated that approximately
1 billion people in the world have vitamin D insufficiency
with the largest prevalence at the pediatric age [2, 3]. A
severe vitamin D deficit in children causes rickets, a serious condition characterized by an insufficient mineralization of the growth cartilage due to a lack of calcium

and phosphorus; it is clinically expressed by poor statural
growth and bone deformity [4].
The main hormone involved in statural growth at each
stage of development is growth hormone (GH), together
with its mediator, insulin-like growth factor 1 (IGF-1).
The presence of an alteration in the growth hormone/
insulin-like growth factor 1 (GH/IGF-1) axis in the pediatric population results in impaired growth. Numerous studies have hypothesized an interaction between
vitamin D and the GH/IGF-1 axis not just for patients
affected by rickets. However, the exact mechanism by
which they influence one another is not yet known, in
particular in the clinical field. The purpose of this narrative review is to collect the results of all clinical studies
that show a relationship between vitamin D and the GH/
IGF-1 axis in pediatric populations.
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Vitamin D
Vitamin D is mainly involved in the regulation of calcium
and phosphorus metabolism and, consequently, in the
processes of bone growth and mineralization. Vitamin D
derives from both sun exposure and dietary intake, but
the majority is synthesized in the skin, starting from the
precursor 7-dehydrocholesterol, which is converted into
pre-cholecalciferol (pre-D3) through a nonenzymatic
mechanism induced by exposure to UVB and subsequently isomerized to cholecalciferol (vitamin D3). Vitamin D undergoes two enzymatic hydroxylation reactions:
the first in the liver mediated by the 25-hydroxylase,
which forms 25-hydroxyvitamin D (25(OH)D), and the
second in the kidneys mediated by 1α-hydroxylase, which
forms the biologically active hormone, the 1,25-dihydroxyvitamin D (1,25(OH)D) [5]. The effects of 1,25(OH)
D are mediated by a vitamin D receptor (VDR) that acts
as a transcription factor and regulates gene expression
[6].
Vitamin D deficiency is defined by 25(OH)D serum
level below 30 nmol/L (< 12 ng/mL) and Vitamin D insufficiency is defined by 25(OH) serum level between 30 and
50 nmol/L (12–20 ng/mL), according to the Global Consensus Recommendations on Prevention and Management of Nutritional Rickets [7].
Several conditions are at risk of developing hypovitaminosis D, such as obesity and chronic diseases, such as
celiac disease, cystic fibrosis, inflammatory bowel disease
and short bowel syndrome, as well as the use of some
medications, for example, anticonvulsant drugs [8]. However, less sunlight exposure, dietary habits and the lack
of a prophylaxis with vitamin D are the main causes of
hypovitaminosis D in the world [9]. Even a lack of maternal vitamin D during pregnancy can promote the onset
of hypovitaminosis D and breast milk that contains low
amounts of it [10, 11].
Vitamin D insufficiency may negatively affect bone
mineralization during childhood [12], but a severe deficiency (< 15 ng/mL) is the cause of rickets, a disease
characterized by leg deformities, rachitic rosary due to
enlarged costochondral joints, frontal bossing and craniotabes, as well as the radiographic widening of the
growth plate and metaphyseal cupping and fraying [11].
Patients with rickets may also have growth impairment
due to skeletal deformities, especially with regards to the
spine, pelvis and lower extremities because of defective
growth plate chondrocyte apoptosis and matrix mineralization in children [13–16].
In addition to the effects on calcium–phosphorus
metabolism, several studies have shown in recent years
that vitamin D also has extraskeletal actions [17], probably because the majority of organism cells express
VDR inside them. It has been estimated that vitamin D
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contributes to the expression of more than 1250 genes
[18]. Some studies have shown the association between
vitamin D deficiency and diseases such as cancer [19, 20],
increased cardiovascular risk [21, 22], and autoimmune
[23], infectious [24] or respiratory diseases [25].
According to the Endocrine Society Practice Guidelines, the prevention of vitamin D deficiency may be
achieved by increasing sun exposure, eating vitamin
D-rich foods and taking daily vitamin D3 supplementation at the dose of 400 or 600 IU/day depending on
the age of the patient (less or more than 1 year old).
Regarding the therapy for vitamin D deficiency (25(OH)
D < 20 ng/dL), the recommended dose for patients
0–18 years old is 2000 IU/day for 6 weeks and continuing
with the preventive dose [26]. Alternatively, a cumulative
dose of vitamin D3 of 50,000 IU/week can be offered to
children up to 6 years of age without any risk of toxicity
[27, 28].

The growth process
Human growth is a complex mechanism characterized
by bone tissue accretion and depends on genetic, environmental, nutritional and hormonal factors [29]. This
process begins in the fetal age and ends in adolescence
with the fusion of the epiphyseal growth plate that determines the final stature of an individual. The main hormone involved in growth at each stage of development
is growth hormone (GH). Growth can be divided into
four main phases: fetal, infancy, childhood and pubertal
growth. The fetal phase is dependent on maternal health,
nutrition, and placental function and is mainly under the
control of IGF-1, IGF-2 and mostly insulin [30, 31]. In
contrast, during infancy and childhood, GH and thyroxin
become progressively more important in growth. Finally,
the pubertal growth phase is characterized by the activation of the hypothalamus–pituitary–gonadal axis and
consequently, the production of androgens and estrogens, which results in a significant increase in GH secretion and serum IGF-I concentrations [30].
Growth hormone is released by the pituitary gland in
a pulsatile manner, mainly overnight, and is regulated
by hypothalamic hormones: growth hormone releasing
hormone (GHRH) stimulates its secretion, while somatostatin has an inhibitory action [32]. GH binds to the
growth hormone binding protein (GHBP) to circulate in
serum and to consequently interact its specific GH receptor (GHR) situated on the surface of target cells. The
GH molecule has an effect on the liver, which results in
the synthesis of IGF-1, an adipose tissue, where it controls the release of fatty acids [33, 34]. Moreover, the GH
molecule also has a direct action on cartilage cells in the
growth plates of the long bones, which produce IGF-1
to act locally [35]. It seems that IGF-1 produced in a
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paracrine way is more important for growth than hepatic
IGF-1 [36].
IGF-1 represents the main mediator of GH action,
especially in guaranteed linear growth. It circulates in
the blood bound to the insulin-like growth factor binding protein-3 (IGFBP-3) and then performs its systemic
functions by binding to specific receptors [37]. The link
to IGFBP-3 is important because it allows a greater persistence in the blood stream and, therefore, a longer
interaction with its target cells [38]. GH and IGF-1 both
stimulate tissue growth in an integrated manner. GH
promotes the proliferation and differentiation of young
prechondrocytes and osteoblasts, while IGF-1 stimulates
cells at a later stage of maturation, which reduces osteoblast apoptosis and favors osteoblastogenesis [39].
In addition, GH also provides several metabolic effects
that involve both lipid and glucose metabolism. In fact,
GH acts as an anti-insulin hormone, which leads to lipolysis and lipid oxidation by inhibiting insulin-stimulated
glucose uptake both in muscles and in the liver to change
metabolism to lipid utilization [40].
Growth hormone deficiency (GHD) is a disease characterized by the reduction or total absence of the production of GH. It may result from hypothalamic or pituitary
defects. The most common form of the disease is idiopathic isolated GHD, and its incidence is between 1:4000
and 1:10,000. The clinical manifestations of GHD in neonatal life are hypoglycemia and jaundice; in childhood,
they include failure to grow and a short stature, which
are associated with truncal adiposity and frontal bossing.
The diagnosis is based on tests that stimulate the hypothalamic-pituitary axes and a radiological evaluation [41].
It is known that patients affected by GHD have an altered
bone metabolism that causes a failure in bone growth
and in bone mineral density. After rGH therapy, these
patients experience a bone turnover improvement [42].

Vitamin D metabolites and GH in biochemical
studies
Both vitamin D and the GH/IGF-1 axis are fundamental to skeletal growth. However, it is not clear how they
interact with one another, especially as a dysfunction
in one influences the other. Henneman and colleagues
first suggested a relationship between the functions of
vitamin D and those of GH in 1960. By studying GHD
patients who undergo GH replacement treatment, they
found an increase in calcium gut absorption and urinary
calcium excretion and a decrease in urinary phosphorus
excretion, similar to what is normally induced by vitamin
D [43]. The suggested linkage also derives partly from the
seasonal variability that affects both vitamin D and GH.
In fact, vitamin D levels are higher in the summer period,
when there is the greatest sun exposure; on the contrary,
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they are lower during winter. Likewise, there is a variability in statural growth that is greater in the summer period
than in the winter [44, 45]. This variability seems to be
only partly explained by the greater frequency of the
infectious processes to which children are exposed in the
colder months.
An increasing number of biological studies in recent
years have been focusing on the biochemical interaction
between vitamin D and the GH/IGF-1 axis in humans.
According to this research, vitamin D status seems to
influence the hepatic secretion of IGF-1 and IGFBP-3
and the expression of IGF-1 receptors in various tissues
[46, 47]. Both vitamin D and GH metabolism influences
each other: on the one hand, vitamin D supplementation
increases IGF-1 levels [48], and on the other hand, IGF-1
stimulates the activity of the 1α-hydroxylase enzyme
that, in turn, regulates the renal production of vitamin D: 1,25(OH)2D or calcitriol [49]. Additionally, GH
itself has a direct stimulatory action on the production
of 1,25(OH)2D [50]. Furthermore, both GH and IGF-1
seem to increase the activity of CYP27A1, a multifunctional cytochrome P450 enzyme that among its complex
functions catalyzes the 25-hydroxylation of vitamin D in
hepatoblastoma cells [51].
The probable targets of vitamin D in the liver seem to
be the stellate cells, Kupffer cells and endothelial cells of
the hepatic sinusoids. According to in vitro studies, these
cells have shown the highest number of receptors for
1,25(OH)2D (VDR) [52, 53]. Another target that is rich
in VDR is represented by the pituitary gland. It is possible that 1,25(OH)2D acts on the human pituitary VDR
by stimulating GH secretion and modulating the expression of some genes [54]. In fact, some studies on mice
that show a stimulating effect of 1,25(OH)2D on the gene
expression of the thyroid-stimulating pituitary hormone
suggest that the same metabolite can interact directly on
other pituitary products such as somatotropic cells [55,
56].
The effect of vitamin D and IGF-1 seems to be played
both at the systemic and local levels. In fact, recent studies have also shown that vitamin D, GH and IGF-1 have
an impact on bone and cartilage as well as they act on
epiphyseal chondrocytes. In particular, an in vitro study
demonstrated the possible role of vitamin D in making
the growth plate cells more sensitive to GH and IGF-1;
another study considered a mutual interference between
25(OH)D and IGF-1 on their specific receptors on epiphyseal chondrocytes [57, 58]. Some studies on mice
with a targeted deletion of VDR have allowed the scientific community to better understand some of the consequences of vitamin D deficiencies on the growth plate;
in particular, it seems that a reduction of 1,25(OH)2D
causes a reduction of the apoptosis of hypertrophic
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chondrocytes, cartilage calcification and the number and
activity of chondroclasts/osteoclasts. These seem to be
the physiopathological bases that underlie the skeletal
alterations that characterize patients affected by rickets.
However, in some experiments, an effect of proliferation
of the epiphyseal chondrocytes induced by 1,25(OH)2D
through locally synthesized IGF-1 [59, 60] has been
found. Patients with vitamin D deficiency appear to have
lower levels of IGF-1, and this may partly explain the
alterations of the growth plate in children with rickets
[61].
Studies that evaluate the effects of GH on the other
serum markers of bone function that are influenced by
vitamin D (Ca, P, PTH) in adults have yielded conflicting
results. Many scholars have pointed out that the increase
in 1,25(OH)2D or 25(OH)D levels induced by a rise in
GH does not correspond to an increase in PTH levels.
This finding suggests that the relationship between GH
and vitamin D is PTH-independent [62–64].

Vitamin D metabolism and GH in clinical pediatric
studies
Although a recent review compares the scientific works
about the interaction between vitamin D and GH disorders (mainly GHD and acromegaly) on populations of
adults and children [65–71], there is currently no review
that has collected together the clinical works that compare more generally vitamin D and the GH/IGF axis. A
PubMed research for MEDLINE filtered for pediatric age
(0–18 year-old subjects) was undertaken by using the following terms as key words: “Vitamin D” and “Growth”,
“Growth Hormone” or “GH”, “Insulin-like Growth Factor-1” or “IGF-1”, and “Growth Hormone Deficiency”
or “GHD”. The date of our last search was July 2018.
After excluding the animal studies, in vitro studies, and
pharmacology studies and considering only the clinical
studies, we selected 24 scientific papers from the initial
collection. In the end, we divided all the works into three
subgroups: vitamin D metabolites and IGF-1, vitamin D
metabolites and GHD, and other significant studies on
vitamin D metabolites and statural growth.
Vitamin D metabolites and IGF‑1
Vitamin D metabolites and IGF‑1 in cross‑sectional studies

An absence of a relationship between 25(OH)D and
IGF-1 was observed in 2017 by Gannagé-Yared et al.
In a cross-sectional study, they included 952 Lebanese
(both males and females) children from the ages of 8 to
18 years. Both for boys and girls, before applying correction factors (i.e., age, BMI and pubertal development), an
inversely proportional relationship was found between
the IGF-1 and 25(OH)D values. This relationship was no
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longer evident after adjustment according to the correction factors for the IGF-1 values [68].
The relationship between 25(OH)D and IGF-1 was also
studied in children with cerebral palsy (CP). Nazif and
colleagues in their cross-sectional study evaluated the
alteration of bone turnover in a population of 58 patients
with CP compared to 19 healthy controls. In this group,
the serum values of 25(OH)D and IGF-1 were found to
be significantly reduced compared to the healthy population. Among these two biochemical parameters, the
authors also found a direct correlation that strengthens
the idea of an IGF-1/vitamin D axis with mutual influences. This could also explain the osteopenia that characterizes patients with CP [71].
Vitamin D metabolites and IGF‑1 in prospective
and randomized controlled trials (RCTs)

Considering vitamin D supplementative treatment,
Mortensen and colleagues obtained satisfactory results
from their RCT of a group of 117 4–8-year-old Danish children. In particular, their attention was aimed at
evaluating the values of IGF-1, IGFBP-3, height, muscle strength, fat mass index (FMI), fat free mass index
(FFMI) and 25(OH)D during the winter period and their
modifications after a 20-week vitamin D3 supplementation. After evaluating these parameters at time zero,
they then divided the study population into 3 groups in
a randomized and double-blind manner, namely, people
receiving a placebo, people receiving a supplement of
10 mcg/day of vitamin D3 and people receiving a supplement of 20 mcg/day vitamin D3. The baseline levels
of 25(OH)D were 56.8 ± 12.5 nmol/L (with the lowest
value of 28.7 and the highest value of 101.4 nmol/L). In
this phase, no correspondence between these values
and height or levels of IGF-1 and IGF-1/IGFBP-3 was
identified, while a significant proportionality between
IGFBP-3 and 25(OH)D was only documented in girls.
Subsequently, all 40 patients who received a placebo
developed hypovitaminosis D after 20 weeks of treatment: 45% had values of 25(OH)D < 30 nmol/L, and 55%
had values of 30–50 nmol/L. Among the patients who
received supplementation with 10 mcg/day of vitamin
D3, 92% had values of 25(OH)D > 50 nmol/L. All 39 children who received 20 mcg/day of vitamin D3 had values
of 25(OH)D > 50 nmol/L at the endpoint. After 20 weeks,
the baseline-adjusted IGF-1 and IGFBP-3 values were
significantly increased in the patients in the 20 mcg/
day intake of vitamin D3 group, and IGFBP-3 also significantly increased in the group undergoing 10 mcg/day
supplementation. In addition, the height of the children
who underwent vitamin D3 20 mcg/day supplementation
increased compared to the placebo group at the endpoint
[66].
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Marwaha and colleagues also recently described similar results in their prospective study with a large population. They measured 25(OH)D, IGF-1 and IGFBP-3 levels
in 847 apparently healthy 6 to 18-year-old Indian girls. In
94.6% of these patients, they found low 25(OH)D values
(< 20 ng/mL). If initially in this study they reported a high
IGF-1 and IGF-1/IGFBP-3 ratio in girls with severe vitamin D deficiency (< 5 ng/mL), after correcting the results
for age, height and development, no relationship between
these markers were found in the entire population. However, some interesting data came from a second phase of
the study. In fact, among the subjects who had deficient
25(OH)D values, the researchers enrolled 184 prepubertal girls to be followed over time to determine whether
the growth markers (IGF-1 and IGFBP-3) changed
with supplemental vitamin treatment. These patients
were treated for 6 months with high-dose vitamin D
(60,000 IU monthly). IGF-1 and IGFBP-3 increased significantly after vitamin D treatment especially in the
subjects who had baseline 25(OH)D values below 10 ng/
mL. This increase did not correlate with height, the body
mass index (BMI), 25(OH)D and the PTH values [67].
One of the most significant studies that analyzed linear growth, IGF-1 and 25(OH)D levels was conducted
in 2008 by Soliman et al. It was a prospective study and
the reference population consisted of 46 children (mean
age 13.1 ± 1.1 months) affected by nutritional rickets.
In this group, IGF-1, 25(OH)D, calcium, phosphorus,
PTH and ALP were measured at baseline and after 6 or
more months following intramuscular administration
of a vitamin D3 megadose (300,000 IU). In addition, the
auxological parameters were evaluated by comparing
them to a group of 40 healthy gender-matched and agematched children. At baseline, the children with rickets
were much shorter with worse growth velocity than the
healthy controls, whereas after the vitamin D treatment,
the auxological parameters (length and growth velocity)
had significant improvement. The efficacy of supplemental treatment is emphasized by the fact that although the
length expressed in the standard deviation score (SDS)
in rachitic patients had remained lower than this length
in healthy controls, the growth velocity increased significantly and exceeded the growth velocity of the control group. Comparing the values of IGF-1 and 25(OH)
D in the case group, the authors showed that in the posttreatment phase, both IGF-1 and 25(OH)D significantly
increased with a direct proportionality between them.
Furthermore, vitamin D supplementation increased calcium and phosphorus levels, while it reduced the PTH
and ALP levels [69].
Another prospective study of children with rickets as a reference population was conducted in 2010 by
Bereket et al. Although their main intent was to identify
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the in vivo role of the insulin-like growth factor binding
protein 4 (IGFBP-4) in this group, the most interesting
results came from the effect of vitamin D supplementation therapy on the other growth markers: IGF-1 and
IGFBP-3. The examined 22 children had a mean age of
1.3 ± 1.6 years and 25(OH)D values at the baseline of
7.75 ± 2.49 ng/mL. No correlation between the baseline
values of 25(OH)D and IGF-1 or IGFBP-3 values was
mentioned in the study. However, after 3 months of treatment with an oral megadose of vitamin D (300,000 IU)
a significant increase was recorded in IGF-1 and
IGFBP-3 in addition to the increased values 25(OH)D
(18.12 ± 3.98). For the authors, the relationship between
vitamin D status and the GH/IGF-1 axis seemed to be
PTH-independent as identified in other studies [70].
Table 1 summarizes the main studies that investigate
the relation between vitamin D metabolites and IGF-1 in
children.
Vitamin D metabolites and GHD

Most of the studies about vitamin D and GHD in children were conducted between 2014 and 2018 on the one
hand or before 1997 on the other [72–84].
Vitamin D metabolites and GHD in retrospective studies

In their retrospective study, Delecroix and colleagues
evaluated blood 25(OH)D, 1,25(OH)2D, GH and IGF-1
levels at diagnosis in 50 GHD patients due to pituitary
stalk interruption syndrome (PSIS). The results showed
vitamin D values comparable to the vitamin D values of
the healthy subjects of the same age, gender, geographical origin and the season in which the diagnosis was
made. The authors did not find any relationship between
the 25(OH)D and IGF-1 levels. Nevertheless, a possible association between the GH/IGF-1 axis and vitamin
D metabolism was hypothesized, given the direct proportionality between the values of the 1,25(OH) 2D and
1,25(OH) 2D/25(OH)D ratio with the peak of GH after a
pharmacologic stimulation test in this population [74].
Witkowska-Sędek et al. in 2016 studied retrospectively a population of 84 GHD children and evaluated
in particular the relationship between IGF-1 corrected
for bone age and expressed in the SDS and 25(OH)D
before the beginning of rGH treatment. In this case, there
were 73-75 GHD subjects with 25(OH)D values at baseline < 30 ng/mL (equal to 87–89%). The results showed a
direct association between IGF-1 at baseline and 25(OH)
D levels, with a prevalence among the GHD patients subgroup with 25(OH)D < 20 ng/mL [77].

Denmark, RCT

India, prospective cohort

Mortensen [66]

Marwaha [67]

58 subjects affected by CP
(4–12 years old) and 19
healthy gender and agematched controls

Egypt, cross-sectional

Turkey, prospective cohort 22 subjects affected by nutritional rickets (mean age of
1.3 ± 1.6 years old)

Qatar, prospective cohort

Nazif [71]

Bereket [70]

Soliman [69]

25(OH)D

25(OH)D

25(OH)D

25(OH)D

46 subjects affected by
25(OH)D
nutritional rickets (mean age
of 13.1 ± 1.1 months) and 40
healthy controls (mean age
of 14.3 ± 2.2 months)

952 Lebanon subjects (mean
age of 13.46 ± 2.80 years
old)

Gannagé-Yared [68] Lebanon, cross-sectional

847 healthy Indian girls
(6–18 years old)

Positive correlation between
25(OH)D and IGF-1 before
and after vitamin D megadose treatment

No correlation between
25(OH)D and IGF-1 or
IGFBP-3 levels at baseline
Positive correlation between
25(OH)D, IGF-1 and IGFBP-3
3 months after vitamin D
megadose treatment

Positive correlation between
25(OH)D and IGF-1

No correlation between
25(OH)D and IGF-1

No correlation between
25(OH)D and IGF-1 or
IGFBP-3 levels at baseline
Increased IGF-1 and IGFBP-3
levels after 6 months vitamin D supplementation

No correlation between
25(OH)D and IGF-1 or
IGFBP-3 levels at baseline
Positive correlation between
25(OH)D, IGF-1 and IGFBP-3
in group that received 20
mcg/day vitamin D supplementation for 20 weeks

Positive effect on the growth
velocity SDS

No effect on PTH
No relationship between
25(OH)D and IGFBP-4 at
baseline and after treatment

25(OH)D and IGF-1 values
significantly reduced
compared to the healthy
population

–

No effect on PTH

Positive relationship between
25(OH)D and IGFPB-3 at
baseline only in girls
Positive relationship between
25(OH)D and IGFPB-3 in
group that received 10
mcg/day vitamin D supplementation for 20 weeks
Increased height in group
that received 20 mcg/day
vitamin D supplementation
for 20 weeks compared to
placebo group

Correlation
Other remarks
between vitamin D and IGF1

Numerous studies evidenced
decreased IGF-1 levels in CP
children

Only girls studied
94.6% had 25(OH)D < 20 ng/mL

Limits

(2019) 17:87

RCT, randomized controlled trial

Vitamin D
metabolite
considered

117 subjects (mean age
25(OH)D
6.6 ± 1.5 years) randomly
divided into 3 groups: 40
subjects who received a
placebo for 20 weeks; 38
subjects who received a 10
mcg/day vitamin D supplementation for 20 weeks; and
39 subjects who received a
20 mcg/day vitamin D supplementation for 20 weeks

Study area, study design Number of patients

Reference

Table 1 Overview of the main studies that investigate the relation between vitamin D metabolites and IGF-1 in children
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Vitamin D metabolites and GH deficit (GHD) in prospective
studies considering GH substitution treatment

Wójcik and colleagues in 2018 evaluated the relationship between dental caries and vitamin D3 levels in 121
children treated with rGH for GHD diagnosis in a prospective study. Adequate rGH dosage was modulated
by maintaining IGF-1 in the reference range and documenting any growth improvement in follow-up visits.
Although the main objective of the study referred to the
incidence of dental problems in this population, it was
possible to extrapolate an interesting datum: despite all
the subjects having undergone an rGH treatment and a
vitamin D3 supplementation (500–2000 IU/day), most
of these patients (58%), who were predominantly from
urban areas, had vitamin D deficiency. Furthermore, the
duration of vitamin D supplementation did not affect this
result [72].
The recent prospective case–control study conducted
by Hamza et al. [73] confirmed the increased possibility
of finding hypovitaminosis D in GHD pediatric patients.
In this case, the study was conducted on a population
of 50 prepubertal patients with a new diagnosis of idiopathic isolated GHD compared to 50 healthy subjects.
At diagnosis, 40% of the subjects with GHD had serum
25(OH)D values of < 30 ng/mL (insufficiency), and 44%
had values of < 20 ng/mL, for a total of 84% of cases
of hypovitaminosis D in the GHD group. By comparing such data to the data of the control group and considering variables such as sun exposure and BMI, the
authors concluded that the GHD subjects had a higher
probability of hypovitaminosis D. Similarly, they found
that the peak of GH could be predictive of the 25(OH)
D values. Another important conclusion came from the
effect of substitutive rGH treatment on 25(OH)D values
in this affected population: after 12 months of therapy,
a normalization of this biochemical index was reported
in 54% of the GHD subjects with initial hypovitaminosis,
but all recruited subjects had an increase in their 25(OH)
D values. The authors also evidenced a proportionality
between the 25(OH)D values and height expressed in the
SDS at diagnosis. In particular, the group with values of
25(OH)D < 20 ng/mL had the lowest heights [73].
Although indirectly, the 2017 prospective study of
Witkowska-Sędek et al. also confirmed the possible role
of vitamin D metabolites in growth processes. Bone
turnover markers are often used as parameters to assess
skeletal metabolism and growth. In patients with GHD
where bone turnover is deficient, the rGH treatment
allows an increase in the bone turnover indices because
of the stimulated secretion of IGF-1. The authors focused
their attention on the relationship between two markers of bone turnover—the total alkaline phosphatase
(ALP) and the alkaline bone phosphatase (BALP)—the
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levels of 25(OH)D and the GH/IGF-1 axis in 53 patients
with GHD conducted at the Department of Pediatrics
and Endocrinology of the Medical University of Warsaw between 2013 and 2017. In particular, the authors
compared the levels of these serum parameters at diagnosis and after 6, 12, 24 and 36 months of rGH therapy.
The results showed a positive relationship between the
baseline ALP values and the baseline height velocity,
between the ALP and BALP values after 12 months of
therapy and the growth rate in the first year of therapy,
between the ALP and IGF-1 values at baseline and after
12 months of therapy, and between the BALP values at
12 months and a dose of rGH in the first year of therapy.
The data concerning vitamin D metabolites were scarce.
In particular, the authors reported the 25(OH)D values
at diagnosis that confirm hypovitaminosis in this group
(vitamin D 24.6 ± 7.54). The improvement in the 25(OH)
D values found after 6 and 12 months of therapy in the
entire study population was partly influenced by the fact
that in addition to a substitution treatment with rGH,
the patients underwent vitamin D supplementation with
a mean daily dosage of 984 IU. However, a significant
datum was obtained from the study of the doses of vitamin D supplementation given in the first year of therapy
and the rGH and BALP values during the first 6 months
of therapy. BALP is a good predictor of bone turnover,
it is usually reduced in patients with GHD and tends
to increase after treatment with rGH. It is a parameter
strongly influenced by the GH/IGF-1 axis. Therefore, the
finding of a relationship between this value and vitamin
D supplementation in patients with GHD during rGH
therapy confirmed the idea that vitamin D could have a
reinforcing role on the effect of rGH therapy in such a
population [75].
In another prospective study, the same authors related
the 25(OH)D values of 30 GHD children with the values
of the carboxy-terminal cross-linked telopeptide of type
I collagen (ICTP) at baseline and during the first year of
rGH treatment. ICTP is a bone resorption biochemical
marker, and in the study, it was used as a possible predictivity marker of the growth response to rGH therapy
in children with GHD. Serum 25(OH)D concentrations at
baseline in this population were not significantly deficient
(mean 24.2 ± 7.8 ng/mL), but vitamin D3 supplementation was recommended to many patients prior to the initiation of the substitution treatment. Similarly, during the
substitution treatment, all subjects performed colecalciferol supplementation at a dose of 1000 IU/day. Therefore,
the improvement in the growth rate observed in the first
year of therapy with rGH could be due to the action of
GH alone or in combination with vitamin D supplementation. Regarding both the 25(OH)D values and ICTP,
the concentrations increased during the substitution
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treatment. The authors found a relationship between
serum 25(OH)D at baseline and the ICTP values during
the first 3 months of therapy; in the same way, the concentrations of 25(OH)D at 6 months from the beginning
of therapy were correlated with the ICTP values between
3 and 6 months of therapy. This finding would explain
the important role of vitamin D in bone turnover and the
need for this adequate supplementation to achieve good
growth in GHD patients treated with rGH [76].
Interesting information about vitamin D status in
patients with GHD before and after substitution treatment with rGH can be extrapolated from the Italian prospective study by Ciresi and colleagues. They analyzed
the baseline serum 25(OH)D levels and after 12 months
of substitutive hormonal treatment in 80 prepubertal
children with GHD divided into two groups to eliminate
vitamin D seasonal variability. In this study, low values of
vitamin D (< 30 ng/mL) were found in three out of four
(75%) children with GHD, with a higher prevalence in the
group enrolled in the winter period. Another interesting
finding is the high prevalence of normal 25(OH)D levels
after substitution treatment with rGH for 12 months. No
relationship was found between 25(OH)D and the IGF-1,
Ca, P, and PTH values in this study [78].
Different data from the data previously reported can
be derived from the prospective work of Wei et al. in
1997 that studied 12 children with GHD. Although in
these patients, cases of hypovitaminosis D were not
identified before the start of the therapy with rGH, after
treatment, there was a significant increase in the levels of 1,25(OH)2D, while the values of 25(OH)D did not
undergo modifications. The authors also attributed this
result to the action of the GH/IGF-1 axis and excluded
a possible role of PTH, since PTH did not undergo
increases during the course of the rGH therapy [79].
Also in 1997, Boot and colleagues in their prospective study analyzed 40 children with GHD and found an
increase of the 1,25(OH)2D levels during the substitution treatment with rGH, without variations in PTH and
the calcium levels. At baseline, the values of 1,25(OH)2D
were in the normal range, which excluded the presence of
a basal hypovitaminosis D. The 25(OH)D values are not
known because they were not considered in this study
[80].
The main aim of the 1993 prospective study of Saggese and colleagues was to evaluate the effects of rGH
therapy on bone metabolism in 26 children with GHD.
The results showed low levels of 1,25(OH)2D and normal
levels of 25(OH)D before initiating hormone replacement treatment. Furthermore, although the values of
25(OH)D remained similar to the departure 25(OH)D
values after 12 months of exclusive treatment with the
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recombinant hormone, the values of 1,25(OH)2D significantly increased [81].
Initially, studies of more than 30 years ago seemed to
exclude a possible effect of vitamin D on GH in children with GHD. For example, Burstein and colleagues,
who studied prospectively 12 children with GHD, found
no increase in the 1,25(OH)2D levels after long-term
treatment with the recombinant hormone but only an
increase after the first week of high-dose treatment [82].
Even Chipman et al. in their 1980 prospective study
found a significant reduction of 1,25(OH)2D levels after
prolonged treatment with rGH in 7 children with GHD.
In contrast, the values of 25(OH)D remained stable [83].
Even before 1980, Gertner and colleagues evaluated the
levels of vitamin D metabolites in 9 patients with GHD
before and after hormone treatment in a prospective
study. They did not find significant variations in the levels
of 1,25(OH)2D, 25(OH)D and 24.25(OH)2D in the course
of the therapy [84].
Table 2 shows the main studies that investigate the
effect of vitamin D on GHD in children.
Other significant studies on vitamin D metabolites and GH

All the other significant studies on the relationship
between vitamin D metabolism and GH are included in
this last group. Among these studies is Sudfeld and colleagues’ prospective study. They analyzed the relationship between the values of 25(OH)D and the auxologic
parameters between 6 weeks and 6 months of life in 581
Tanzanian children born to HIV-uninfected mothers. By
comparing the length-for-age z-score curves, weight for
length, and weight-for-age z-scores to the World Health
Organization child growth standard charts and 25(OH)D
blood values, they concluded that there was no effect of
vitamin D on the incidence of stunting or wasting until
6 months of age. These data do not seem to be affected
by the incidence of hypovitaminosis D (25[OH]D < 20 ng/
mL) in this population because they were similar to the
incidence of hypovitaminosis D found internationally in
the same age population, respecting its greater response
in breastfed babies rather than formula-fed infants [85].
A similar conclusion was also previously found by the
same authors in another prospective study conducted on
a population of uninfected HIV-exposed Tanzanian children. In this study, only the weight-for-length z score was
reduced in the children with values of 25(OH)D < 10 ng/
mL, who therefore had a greater risk of wasting during
the first 2 years of life [86].
In 2017, Chowdhury and colleagues in a prospective
study compared neurological development and ponderal/linear growth in a group of Indian children (aged
6–30 months) based on their serum 25(OH)D concentration. As auxological parameters, the Z scores of

25(OH)D

Vitamin D
metabolite
considered

France, retrospective

Poland, prospective 53 GHD subjects
cohort
(4.75–16.58 years
old)

Poland, prospective 30 GHD subjects
cohort
(4.8–16.6 years
old)

Poland, retrospective

Delecroix [74]

Witkowska-Sedek
[75]

Witkowska-Sędek
[76]

Witkowska-Sędek
[77]

84 GHD subjects
(4–17 years old)

50 GHD subjects
due to pituitary
stalk interruption syndrome
(mean age:
5.4 ± 4.9 years
old)

Egypt, prospective
case–control

Hamza [73]

25(OH)D

25(OH)D

25(OH)D

25(OH)D,
1,25(OH)2D

25(OH)D
50 idiopathic prepubertal GHD and
50 healthy controls (3.6–10 years
old)

Poland, prospective 121 GHD subjects
cohort
(6–18 years old)

Wójcik [72]

Number
of patients

Study area, study
design

Reference

Interrelation
between vitamin
D/GH

71 subjects had
–
vitamin D < 30 ng/
mL despite rGH
treatment and
vitamin D3 supplementation

After GH
treatment

73–75 subjects had
25(OH)D < 30 ng/
mL

–

Positive effect
of 25(OH)D on
height expressed
in the SDS at
diagnosis

Possible effect of
vitamin D supplementation in
caries prevention
in GHD patients

Other remarks

Positive association
between vitamin
D and baseline
IGF-1 values

Retrospective
Not known if subjects
underwent vitamin
D supplementation
before recruitment

Limits

No effect of vitamin
D on the maximum peak of GH
after a stimulus
test

Positive effect of
25(OH)D on ICTP
values

Vitamin D3 supplementation was
recommended
prior to and during
rGH treatment

Positive effect of
All patients in the first
vitamin D supple12 months of rGH
mentation dostreatment received
age given in the
cholecalciferol supfirst year of rGH
plementation
therapy on BALP
values during the
first 6 months

No relationship
–
between 25(OH)D
and IGF-1 values
Positive association
of 1,25(OH) 2D
and the 1,25(OH)
2D/25(OH)D ratio
with peak GH
levels

Mean 25(OH)D value 25(OH)D increases
Positive effect of
24.2 ± 7.8 ng/mL
significantly after
25(OH)D on GH
6 months of
rGH therapy to
28.5 ± 5.29 ng/mL

–

Mean 25(OH)D value Mean 25(OH)
–
24.6 ± 7.54 ng/mL
D values after
6 months of
rGH therapy
28.8 ± 8.09 ng/mL
Mean 25(OH)
D values after
12 months of
rGH therapy
27.2 ± 8.09 ng/mL

26 subjects had
25(OH)D < 30 ng/
mL

42 GHD subjects had 23 GHD subjects
Positive association
25(OH)D < 30 ng/
remained with
between 25(OH)
mL
vitamin D < 30 ng/
D and peak GH
mL (all had an
levels
increase in 25(OH)
D values)

–

At diagnosis

Table 2 Overview of the main studies that investigate the effect of vitamin D metabolites on GHD in children
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Study area, study
design

Italy, prospective
cohort

Japan, prospective
cohort

Netherlands, prospective cohort

Italy, prospective
cohort

USA, prospective
cohort

USA, prospective
cohort

Reference

Ciresi [78]

Wei [79]

Boot [80]

Saggese [81]

Burstein [82]

Chipman [83]

Table 2 (continued)

7 GHD subjects
(3.8–16.7 years
old)

12 GHD subjects
(mean age
10.5 years)

26 GHD subjects
(6.5–10.7 years
old)

40 GHD subjects
(mean age
7.9 years old)

12 GHD subjects
(7.5–13.8 years
old)

80 GHD subjects
(mean age
10.3 years old)

Number
of patients

25(OH)D
1,25(OH)2D

25(OH)D
1,25(OH)2D

25(OH)D
1,25(OH)2D

1,25(OH)2D

25(OH)D
1,25(OH)2D

25(OH)D

Vitamin D
metabolite
considered

Interrelation
between vitamin
D/GH

40 subjects
Positive association
remained with
between vitamin
vitamin D < 30 ng/
D and baseline
mL (all had an
GH values
increase in vitamin D values)

After GH
treatment
No effect of vitamin
D on IGF-1 values

Other remarks

1,25(OH)2D
increases after
rGH therapy

Mean 25(OH)D value No variation in
No effect of 25(OH)
20.2 ± 6.5 ng/mL
25(OH)D and
D 1,25(OH)2D
Mean 1,25(OH)2D
1,25(OH)2D values
and GH
value
63.7 ± 19.3 pmol/L

Mean 25(OH)D value No variation in
No effect of 25(OH)
49.0 ± 2.4 ng/mL
25(OH)D
D 1,25(OH)2D
1,25(OH)2D increase
on GH
only in the first
week of highdose hGH therapy

Reference values are
different from the
most recent ones

Limits

Stable PTH values
Before hGH therapy,
after hGH treatpatients were
ment; the authors
treated with Ca,
hypothesize a
phosphorus and
PTH-independent
sodium suppleGH-vitamin D
mentation
correlation

–

–

Positive association Stable PTH values
between 1,25(OH)
after rGH treat2D and an
ment; the authors
increase in IGF-1
hypothesize a
values
PTH-independent
GH-Vitamin D
correlation

Mean 25(OH)D value No variation in
Positive effect of
31.55 ± 7.01 ng/mL
25(OH)D values
1,25(OH) 2D on
Mena 1,25(OH)2D:
1,25(OH)2D increase
growth velocity
64.7 ± 15.8 pmol/L
at 12 months
of therapy (not
previously)

Mean 1,25(OH)2D
value
96.2 ± 25.8 pmol/L

Mean 25(OH)D value No variation in
Positive association PTH values reduced
26.3 ± 10.9 ng/mL
25(OH)D values
between 1,25(OH)
after rGH treatMean 1,25(OH)2D
1,25(OH)2D increase
2D and an
ment; the authors
value
after rGH therapy
increase in IGF-1
hypothesize a
59.4 ± 10.2 pmol/L
values
PTH-independent
GH-Vitamin D
correlation

60 subjects had
25(OH)D < 30 ng/
mL

At diagnosis
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Study area, study
design

USA, prospective
cohort

Reference

Gertner [84]

Table 2 (continued)

9 GHD subjects
(9–18 years old)

Number
of patients
25(OH)D
1,25(OH)2D

Vitamin D
metabolite
considered

After GH
treatment

Interrelation
between vitamin
D/GH

Mean 25(OH)D value No variation in
No effect of 25(OH)
35.5 ± 8.9 ng/mL
25(OH)D and
D 1,25(OH)2D
Mean 1,25(OH)2D
1,25(OH)2D values
on GH
value
44.4 ± 27.9 pmol/L

At diagnosis

Limits

Stable PTH values
Before hGH therapy,
after hGH treatpatients were
ment; the authors
treated with Ca
hypothesize a
supplementation
PTH-independent
GH-vitamin D
correlation

Other remarks
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weight-for-height/length, height/length-for-age, and
weight-for-age were considered. Of the 960 children
studied, approximately 35% were found to be vitamin D
deficient (25(OH)D < 10 ng/mL). Following 246 children
in their later 6-month growth evaluation, they concluded
that vitamin D deficiency did not seem to correlate with
ponderal/linear growth either at the baseline or at the
follow-up and did not have relations with neurodevelopment [87].
Another significant prospective work was conducted
by Andersson and colleagues. The objective of their study
was to compare seasonal changes in 25(OH)D and in the
growth rates for 249 short prepubertal children before
and after GH treatment. In addition to confirming the
influence of the seasons on the 25(OH)D levels, they
documented a significant reduction of this marker during GH treatment as opposed to the previously reported
GHD patient studies. The idea of a relationship between
vitamin D metabolites and the growth process is however
obtainable in this study from another datum: the direct
relationship found between baseline 25(OH)D levels and
the height SDS in the first year of treatment. However, no
relationship was found between the changes in the levels of 25(OH)D in the first year of therapy and the height
SDS. Therefore, the subjects who had the highest baseline
25(OH)D values and its greatest reduction during the
first year of GH treatment had the best growth outcome
in terms of the height SDS [88].
Previously, in 1994, Ogle and colleagues investigated
the effect on the calcium-phosphorus metabolism of rGH
therapy given for 24 weeks in patients without GHD.
This prospective study showed an increase in values of
1,25(OH)2D already after 8 weeks of treatment with rGH,
which also confirms the interaction of GH and vitamin D
outside the GHD [89].
Table 3 reports the main studies that investigate the
correlation between vitamin D metabolites and growth in
children.

Critical analysis of the relationship
between vitamin D metabolism and the GH/IGF‑1
axis in clinical pediatric studies
The study of the interaction between vitamin D metabolism and the GH/IGF-1 axis started from the consideration of how vitamin D metabolites changed in subjects
affected by GHD. The first data that relate to a correlation
between GHD and hypovitaminosis D are derived from
studies conducted on rats. In particular, low values of
1,25(OH)2D were found in hypophysectomized mice with
increasing levels after the introduction of GH therapy
[90]. It is possible to find in the literature a large number of scientific papers that compared vitamin D metabolites and GHD in adults. Similarly, also for the pediatric
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population, studies on GHD and colecalciferol represent
the overwhelming majority. We assume that these data
are linked in part to the ease of obtaining such laboratory
exams from a group of patients subjected to frequent
controls, which also allows the realization of retrospective studies; however, this result seems to follow what
occurs for other conditions, according to which, starting
from the pathology, it is possible to understand the physiological mechanisms of some biological processes.
The first significant information obtained from the 13
studies on the relationship between vitamin D metabolism and GHD children is the high number of GHD
patients who have hypovitaminosis D, which is understood as values of 25(OH)D < 30 ng/mL. This condition
follows what is highlighted in the studies on adults. For
example, Savanelli et al. documented a prevalence of
vitamin D deficiency in a population of 41 adult GHD
patients compared to a control group [91]. Furthermore,
in the study of Ameri and colleagues, a high rate of hypovitaminosis D was reported in 69 adult patients with
GHD (almost 91.3%) [46]. This result that was obtained
for both adults and children reinforces the idea of a strict
dependence between vitamin D function and that of GH/
IGF-1 axis, which is attributed to a GH and consequential
IGF-1 deficiency that afflicts GHD subjects with a role in
determining the consensual vitamin D deficiency. All of
these results are also justified by the biochemical studies
previously reported and in particular, to the decreased
renal lα-hydroxylase activity caused by low IGF-1 levels.
Some studies have shown that treatment with rGH
increases the values of vitamin D metabolites in GHD
adults [92]. Among all the pediatric studies, only 10 considered changes in the 25(OH)D levels after GH substitution treatment in children with GHD. Among these
studies, only two presented a significant increase of
25(OH)D after 6 months of rGH therapy. Furthermore,
in both of these studies, there were confounding factors
such as vitamin D supplementation in combination with
rGH therapy in one case and the recommendation of
vitamin D supplementation before and after substitution
therapy in the other case. In two other studies, a general
increase of the 25(OH)D values was reported, although
a large proportion of patients still had vitamin D deficiency after treatment. The remaining six works are all
before 1998 and considered a limited number of patients
as a study population. Among these studies are the works
of Wei, Boot and Saggese; although they confirmed the
failure to modify the values of 25(OH)D, they observed
an increase in the values of 1,25(OH)2D after rGH therapy and a positive correlation between 1,25(OH)2D and
IGF-1 [79–81].
The failure to normalize the 25(OH)D levels after
rGH treatment in GHD children leads to an important

Esposito et al. J Transl Med

(2019) 17:87

Page 13 of 18

Table 3 Overview of the main studies that investigate the correlation between vitamin D metabolites and growth
in children
Reference

Study area, study design

Sudfeld [85]

Sudfeld [86]

Number of patients

Vitamin D
metabolite
considered

Correlation between vitamin D
metabolites and growth

Tanzania, prospective cohort 581 children born to HIV-uninfected
mothers

25(OH)D

No effect of vitamin D metabolites on
the incidence of stunting or wasting
until 6 months of age

Tanzania, prospective cohort 948 uninfected HIV-exposed children

25(OH)D

Increased risk of incident wasting during
the first 2 years of life in children with
values of 25(OH)D < 10 ng/mL

Chowdhury [87] India, prospective cohort

246 children with vitamin D deficiency
(aged 6–30 months)

25(OH)D

Vitamin D metabolites did not seem to
correlate with ponderal/linear growth
either at baseline or at follow-up

Andersson [88]

Sweden, prospective cohort

249 short prepubertal children (mean
age of 8.31 ± 2.46 years) who
received GH treatment

25(OH)D

25(OH)D decreased during the first year
of GH treatment
Direct correlation between baseline
25(OH)D levels and the height SDS in
the 1st year of treatment
No correlation between 25(OH)D
variation in the 1st year of treatment
and the height SDS in the 1st year of
treatment

Ogle [89]

Australia, prospective cohort 11 short-statured children (mean age
of 9.4 ± 2.3 years) not affected by
GHD receiving rGH for 24 weeks

1,25(OH)2D

rGH therapy increased 1,25(OH)2D levels

hypothesis: subjects with GHD in addition to the substitution treatment with rGH may need vitamin D supplementation to correct the high risk of hypovitaminosis D.
Furthermore, adequate vitamin D supplementation could
reduce the dose of rGH that is necessary to obtain an
appropriate statural growth in these patients, but more
studies in this field are needed. However, some studies on
adults affected by GHD have emphasized the persistence
of hypovitaminosis D despite adequate vitamin supplementation according to the main principal international
recommendations [72]. These data seem to support the
idea of the importance of personalized dosages of vitamin D dietary supplementation in the treatment of vitamin D deficiency proposed by some authors [93, 94].
The correction of vitamin D deficiency in GHD
patients with hypovitaminosis D before the start of treatment with rGH would allow a more accurate monitoring
of IGF-1 values once replacement therapy has started.
Similarly, the results of the studies that evaluate the
correlation between vitamin D metabolites and the GH
peak after stimulus testing in GHD patients are conflicting. Of the three pediatric works that have considered
this comparison, two identified a direct proportionality
and one described no correlation.
Despite this discrepancy, it should be emphasized
that the evidence of a close interaction between vitamin
D metabolites and the GH/IGF-1 axis can be extrapolated from all the pediatric studies on GHD subjects,

whether this concerns a relationship between 25(OH)D
and rGH therapy, 25(OH)D and the GH peak after stimulus, 25(OH)D and the condition of GHD itself, 25(OH)
D and the parameters of bone turnover, or 1,25(OH)2D
and IGF-1. Some authors have pointed out the rise of
1,25(OH)2D after rGH treatment only in the case of
phosphate deprivation [95].
Both Cireni and Hamza have shown in their studies an
improvement in height in the SDS after 1 year of therapy
with rGH [73, 78]. Given the improvement of the 25(OH)
D values after rGH treatment, it could be hypothesized
that part of this effect may be due to the increase in circulating 25(OH)D. However, it is not possible to highlight from these studies whether the subjects who had a
more pronounced vitamin D deficiency had a different
response in terms of height in the SDS compared to the
subjects with normal SDS values; therefore, this assertion remains only a hypothesis. To clarify this aspect,
further studies would be needed in which these data are
compared.
A possible explanation for these nonhomogeneous
results derives from study biases and the different ways
in which they were conducted. In fact, the data can be
affected by some limitations due to the lack of consideration of factors that can influence the plasmatic levels of vitamin D metabolites, such as the BMI, sunlight
exposure, sunscreen use, and clothing coverage [96].
For example, only few studies have divided the study
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population into groups according to the recruitment
period to reduce the bias that is dictated by the different
impacts of seasonal variations on 25(OH)D levels. Other
possible biases are the intake of therapies that modify
the absorption or action of vitamin D metabolites, the
nonconsideration of the previous or attendant intake of
dietary supplementation of vitamin D, the different reference values for hypovitaminosis D diagnosis, the recruitment of a prepubertal or a postpubertal population, and
the lack of differentiation between boys’ and girls’ growth
trends.
The comparison between serum vitamin D metabolites
and the IGF-1 levels represents the other area of interest on which scientific studies have focused to emphasize
the relationship between vitamin D biological role and
growth. The results of the studies on IGF-1 and vitamin
D metabolites in adults have shown contrasting results.
Some studies have found a direct influence and a connection between these two factors, whereas other studies have found none [97–102]. However, numerous adult
studies have confirmed this relationship. One of the largest samples in this regard is represented by the NHANES
III group that was considered in the study by Van Hemelrijck. Among the 20-year-olds investigated (5368 subjects), a direct proportionality was found between the
IGF-1 values and the subjects with higher-than-average
25(OH)D levels [103]. Some studies have also shown a
relationship between vitamin D supplementation and
circulating IGF-1 [46]. Other studies have compared the
levels of 25(OH)D in healthy adults with IGF-1 levels and
found a direct proportionality [104]. Despite these findings, some studies have shown that in adults with conditions of an impaired GH/IGF-1 axis, such as acromegaly
and GHD in substitution treatment, 25(OH)D concentrations do not vary significantly [105, 106].
The same conflicting results can also be found in the
pediatric population. The first significant data are that in
these studies, larger populations were considered than in
the studies of GHD subjects. Of the six studies reported,
only two identified a direct proportionality between the
levels of 25(OH)D and the levels of IGF-1 at baseline.
Both the study of Marwaha and of Gannagé-Yared have
shown a possible inversely proportional relationship
between 25(OH)D and IGF-1 levels such that without
applying conversion factors such as age, BMI and pubertal stage, the subjects with vitamin deficiency D had
higher IGF-1 values [67, 68]. A hypothesis to justify such
conflicting results is the possibility that vitamin D metabolites behaves differently on the GH/IGF-1 axis depending on whether the subject has a vitamin D deficiency or
normal values. In this sense, vitamin D deficiency could
cause a possible resistance to GH/IGF-1.
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The other aspect concerns the response of the growth
marker to vitamin D supplementary therapy. Again, in
this case, for adults, conflicting results are reported [46,
97, 107]. More homogeneous results come from pediatric
studies: of the four studies that considered the effect of
vitamin D supplementation on IGF-1 levels, all showed a
positive correlation between these two parameters. From
this perspective, the Mortensen study is certainly one of
the most interesting. Compared to the other studies, the
power of this study is the presence of a placebo-control
group and the exclusive development in the winter that
allows a reduction in the risk of bias due to the time of
sun exposure that influences vitamin D values [66]. However, there is no homogeneity in the dose of vitamin D to
be administered or in the duration of treatment.
To better understand the possible mechanism by which
vitamin D metabolism influences growth, some authors
have started their studies from children with rickets.
Among the phenotypic characteristics of rickets, in fact,
there are abnormalities of the growth plate and delayed
growth [108, 109]. Studies on rickets have documented a
significant increase in the IGF-1 levels in these subjects
after supplementary vitamin D treatment. In addition, in
Soliman’s study, a positive correlation between 25(OH)D
and the growth velocity SDS was detected [69].
Despite the lack of homogeneity of these results, some
data would seem to be confirmed in both adult and children’s studies. Among these data, the PTH-independent
interaction between vitamin D metabolites and GH/
IGF-1 axis stands out. The interpretation of the results
of the other studies is more complex due to the extreme
heterogeneity of the populations considered, the objectives that were set and the results obtained.

Conclusion
From 1960 to the present, many steps forward have been
made in identifying how vitamin D metabolites and the
GH/IGF-1 axis interact. Although limited by some bias,
most of the studies confirm the existence of this close
link. From the set of collected works in this review, it
is possible to derive some significant data, such as the
higher probability of hypovitaminosis D in GHD subjects, and hypovitaminosis persistence in this population
despite the substitution treatment with GH; data on vitamin D supplementation efficacy in the general population on IGF-1 levels are conflicting.
Based on these results, it is therefore possible to
define some important measures. For example, a
screening for the determination of vitamin D deficiency is currently recommended only for individuals
who present risk factors for hypovitaminosis [26], but
a short stature is not included among them. Considering the results of the clinical studies reported in this
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review, we suggest investigating children subjects with
GHD for vitamin D deficiency both at diagnosis and
during follow-up and in presence of deficiency considering vitamin D supplementation. An interesting topic
to be addressed in future scientific work could consider the effects of the coadministration of vitamin D
and rGH on the auxologic parameters of the patients
affected by GHD and if the vitamin D supplementation
could reduce the rGH dosage. More research is needed
to understand the vitamin D-GH biological interaction
in other diseases characterized by short stature.
Other information obtained is the relationship
between IGF-1 and vitamin D metabolites. Although
this relationship seems to be significant only after supplementary vitamin D therapy, it is possible to hypothesize that in subjects with hypovitaminosis D, this
should be corrected before making inquiries into the
presence of IGF-1 values below the norm to optimize
the diagnosis of GHD, which is still complex and nonstandardized. Since both vitamin D metabolites and
the GH/IGF-1 axis act in a complex way and undergo
numerous interferences from other factors (environmental, hormonal, nutritional, etc.) it would be important to consider them in future studies to limit bias.
In conclusion, further research is needed to fully
understand how vitamin D and growth are intertwined.
Specifically, many more homogeneous studies are
required with larger populations and fewer confounding factors.
Abbreviations
CP: cerebral palsy; FFMI: fat free mass index; FMI: fat mass index; GH: growth
hormone; GHD: GH deficit; GHBP: growth hormone binding protein; GHRH:
growth hormone releasing hormone; GHR: GH receptor; ICTP: carboxy-terminal cross-linked telopeptide of type I collagen; IGF-1: insulin-like growth factor
1; IGFBP-3: insulin-like growth factor binding protein-3; pre-D3: pre-cholecalciferol; RCT: randomized control trial; rGH: recombinant growth hormone; VDR:
vitamin D receptor; 1,25(OH)D: 1,25-dihydroxyvitamin D; 25(OH)D: 25-hydroxyvitamin D.
Authors’ contributions
SE critically revised the text and made substantial scientific contributions; AL
wrote the first draft of the manuscript; LL, MC and GM gave support in the
literature review; LP revised the text. All authors read and approved the final
manuscript.
Acknowledgements
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Availability of data and materials
The data and materials used are included in the review.
Ethics approval and consent to participate
All the studies mentioned in this review were approved by the Ethics Committee, and written informed consent was obtained by all the participants.

Page 15 of 18

Consent for publication
Not applicable.
Funding
None.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.
Received: 22 December 2018 Accepted: 9 March 2019

References
1. Holick MF. Vitamin D: extraskeletal health. Rheum Dis Clin N Am.
2012;38(1):141–60. https://doi.org/10.1016/j.rdc.2012.03.013.
2. Holick MF, Binkley NC, Bischoff-Ferrari HA, et al. Guidelines for preventing and treating vitamin D deficiency and insufficiency revisited. J
Clin Endocrinol Metab. 2012;97(4):1153–8. https://doi.org/10.1210/
jc.2011-2601.
3. Holick MF, Chen TC. Vitamin D deficiency: a worldwide problem with
health consequences. Am J Clin Nutr. 2008;87(4):1080S-6S. https://doi.
org/10.1093/ajcn/87.4.1080s.
4. Rauch F. The rachitic bone. Endocr Dev. 2003;6:69–79.
5. Holick MF, Vitamin D. Deficiency. N Engl J Med. 2007;357(3):266–81.
https://doi.org/10.1056/NEJMra070553.
6. Khundmiri SJ, Murray RD, Lederer E. PTH and vitamin D. Compr Physiol.
2016;6:561–601. https://doi.org/10.1002/cphy.c140071.
7. Heaney RP. Functional indices of vitamin D status and ramifications of
vitamin D deficiency. Am J Clin Nutr. 2004;80(6 Suppl):1706S-9S. https://
doi.org/10.1093/ajcn/80.6.1706s.
8. Saggese G, Vierucci F, Boot AM, et al. Vitamin D in childhood and adolescence: an expert position statement. Eur J Pediatr. 2015;174(5):565–
76. https://doi.org/10.1007/s00431-015-2524-6.
9. Munns CF, Shaw N, Kiely M, et al. Global consensus recommendations
on prevention and management of nutritional rickets. J Clin Endocrinol
Metab. 2016;101(2):394–415. https://doi.org/10.1210/jc.2015-2175.
10. Mithal A, Wahl DA, Bonjour J-P, et al. Global vitamin D status and determinants of hypovitaminosis D. Osteoporos Int. 2009;20(11):1807–20.
https://doi.org/10.1007/s00198-009-0954-6.
11. Misra M, Pacaud D, Petryk A, Collett-Solberg PF, Kappy M, Drug and
Therapeutics Committee of the Lawson Wilkins Pediatric Endocrine
Society. Vitamin D deficiency in children and its management: review of
current knowledge and recommendations. Pediatrics. 2008;122(2):398–
417. https://doi.org/10.1542/peds.2007-1894.
12. Goltzman D. Functions of vitamin D in bone. Histochem Cell Biol.
2018;149(4):305–12. https://doi.org/10.1007/s00418-018-1648-y.
13. Caruso TJ, Fuzaylov G. Severe vitamin D deficiency—rickets. N Engl J
Med. 2013;369(9):e11. https://doi.org/10.1056/NEJMicm1205540.
14. Holick MF. Resurrection of vitamin D deficiency and rickets. J. Clin
Invest. 2006;116(8):2062–72. https://doi.org/10.1172/JCI29449.
15. Holick MF. Vitamin D and bone health. J Nutr. 1996;126(suppl_4):1159S64S. https://doi.org/10.1093/jn/126.suppl_4.1159s.
16. Joiner TA, Foster C, Shope T. The many faces of vitamin D deficiency
rickets. Pediatr Rev. 2000;21(9):296–302.
17. Shaw NJ, Mughal MZ. Vitamin D and child health: part 2 (extraskeletal
and other aspects). Arch Dis Child. 2013;98(5):368–72. https://doi.
org/10.1136/archdischild-2012-302585.
18. Hossein-nezhad A, Spira A, Holick MF. Influence of vitamin D status
and vitamin D3 supplementation on genome wide expression of
white blood cells: a randomized double-blind clinical trial. PLoS ONE.
2013;8(3):e58725. https://doi.org/10.1371/journal.pone.0058725.
19. Krishnan AV, Feldman D. Mechanisms of the anti-cancer and antiinflammatory actions of vitamin D. Annu Rev Pharmacol Toxicol.
2011;51(1):311–36. https://doi.org/10.1146/annurev-pharmtox-01051
0-100611.
20. Lappe JM, Travers-Gustafson D, Davies KM, Recker RR, Heaney RP.
Vitamin D and calcium supplementation reduces cancer risk: results

Esposito et al. J Transl Med

21.
22.
23.

24.

25.
26.

27.
28.
29.
30.
31.

32.

33.
34.
35.
36.
37.
38.

39.
40.
41.

(2019) 17:87

of a randomized trial. Am J Clin Nutr. 2007;85(6):1586–91. https://doi.
org/10.1093/ajcn/85.6.1586.
Pilz S, Tomaschitz A, März W, et al. Vitamin D, cardiovascular disease and
mortality. Clin Endocrinol. 2011;75(5):575–84. https://doi.org/10.111
1/j.1365-2265.2011.04147.x.
Reid IR, Bolland MJ. Role of vitamin D deficiency in cardiovascular
disease. Heart. 2012;98(8):609–14. https://doi.org/10.1136/heartjnl2011-301356.
Antico A, Tampoia M, Tozzoli R, Bizzaro N. Can supplementation
with vitamin D reduce the risk or modify the course of autoimmune
diseases? A systematic review of the literature. Autoimmun Rev.
2012;12(2):127–36. https://doi.org/10.1016/j.autrev.2012.07.007.
Yamshchikov AV, Desai NS, Blumberg HM, Ziegler TR, Tangpricha V. Vitamin D for treatment and prevention of infectious diseases: a systematic
review of randomized controlled trials. Endocr Pract. 2009;15(5):438–49.
https://doi.org/10.4158/EP09101.ORR.
Brown SD, Calvert HH, Fitzpatrick AM. Vitamin D and asthma. Dermatoendocrinol. 2012;4(2):137–45. https://doi.org/10.4161/derm.20434.
Holick MF, Binkley NC, Bischoff-Ferrari HA, et al. Evaluation, treatment,
and prevention of vitamin D deficiency: an Endocrine Society clinical
practice guideline. J Clin Endocrinol Metab. 2011;96(7):1911–30. https://
doi.org/10.1210/jc.2011-0385.
Pietras SM, Obayan BK, Cai MH, Holick MF. Vitamin D2 treatment for vitamin D deficiency and insufficiency for up to 6 years. Arch Intern Med.
2009;169(19):1806–8. https://doi.org/10.1001/archinternmed.2009.361.
Gordon CM, Williams AL, Feldman HA, et al. Treatment of hypovitaminosis D in infants and toddlers. J Clin Endocrinol Metab. 2008;93(7):2716–
21. https://doi.org/10.1210/jc.2007-2790.
Nilsson O, Marino R, De Luca F, Phillip M, Baron J. Endocrine regulation
of the growth plate. Horm Res Paediatr. 2005;64(4):157–65. https://doi.
org/10.1159/000088791.
Murray PG, Clayton PE. Endocrine control of growth. Am J Med Genet
Part C Semin Med Genet. 2013;163(2):76–85. https://doi.org/10.1002/
ajmg.c.31357.
Persson M, Pasupathy D, Hanson U, Norman M. Birth size distribution
in 3,705 infants born to mothers with type 1 diabetes: a populationbased study. Diabetes Care. 2011;34(5):1145–9. https://doi.org/10.2337/
dc10-2406.
Tsaneva-Atanasova K, Sherman A, van Goor F, Stojilkovic SS. Mechanism
of spontaneous and receptor-controlled electrical activity in pituitary
somatotrophs: experiments and theory. J Neurophysiol. 2007;98(1):131–
44. https://doi.org/10.1152/jn.00872.2006.
Lanning NJ, Carter-Su C. Recent advances in growth hormone
signaling. Rev Endocr Metab Disord. 2006;7(4):225–35. https://doi.
org/10.1007/s11154-007-9025-5.
Le Roith D, Bondy C, Yakar S, Liu J-L, Butler A. The somatomedin hypothesis: 2001. Endocr Rev. 2001;22(1):53–74. https://doi.org/10.1210/
edrv.22.1.0419.
Baron J, Sävendahl L, De Luca F, et al. Short and tall stature: a new
paradigm emerges. Nat Rev Endocrinol. 2015;11(12):735–46. https://doi.
org/10.1038/nrendo.2015.165.
Liu JL, Yakar S, LeRoith D. Conditional knockout of mouse insulin-like
growth factor-1 gene using the Cre/loxP system. Proc Soc Exp Biol Med.
2000;223(4):344–51.
Jones JI, Clemmons DR. Insulin-like growth factors and their binding
proteins: biological actions. Endocr Rev. 1995;16(1):3–34. https://doi.
org/10.1210/edrv-16-1-3.
Crowe FL, Key TJ, Allen NE, et al. The association between diet and
serum concentrations of IGF-I, IGFBP-1, IGFBP-2, and IGFBP-3 in
the European Prospective Investigation into Cancer and Nutrition.
Cancer Epidemiol Biomarkers Prev. 2009;18(5):1333–40. https://doi.
org/10.1158/1055-9965.EPI-08-0781.
Locatelli V, Bianchi VE. Effect of GH/IGF-1 on bone metabolism
and osteoporsosis. Int J Endocrinol. 2014;2014:235060. https://doi.
org/10.1155/2014/235060.
Rothermel J, Reinehr T. Metabolic alterations in paediatric GH deficiency. Best Pract Res Clin Endocrinol Metab. 2016;30(6):757–70. https://
doi.org/10.1016/j.beem.2016.11.004.
Di Iorgi N, Morana G, Allegri AEM, et al. Classical and non-classical
causes of GH deficiency in the paediatric age. Best Pract Res Clin

Page 16 of 18

42.
43.
44.
45.
46.
47.

48.
49.
50.

51.
52.
53.

54.
55.
56.

57.
58.

59.

60.

61.

Endocrinol Metab. 2016;30(6):705–36. https://doi.org/10.1016/j.
beem.2016.11.008.
Korpal-Szczyrska M, Balcerska A. The effect of growth hormone treatment on serum bone alkaline phosphatase in growth hormone deficient children. Pediatr Endocrinol Diabetes Metab. 2008;14(4):211–4.
Henneman PH, Forbes AP, Moldawer M, Dempsey EF, Carroll EL. Effects
of human growth hormone in man. J Clin Invest. 1960;39(8):1223–38.
https://doi.org/10.1172/JCI104138.
Stamp TC, Round JM. Seasonal changes in human plasma levels of
25-hydroxyvitamin D. Nature. 1974;247(5442):563–5.
Gelander L, Karlberg J, Albertsson-Wikland K. Seasonality in
lower leg length velocity in prepubertal children. Acta Paediatr.
1994;83(12):1249–54.
Ameri P, Giusti A, Boschetti M, et al. Vitamin D increases circulating IGF1
in adults: potential implication for the treatment of GH deficiency. Eur J
Endocrinol. 2013;169(6):767–72. https://doi.org/10.1530/EJE-13-0510.
Matilainen M, Malinen M, Saavalainen K, Carlberg C. Regulation of
multiple insulin-like growth factor binding protein genes by 1alpha,25dihydroxyvitamin D3. Nucleic Acids Res. 2005;33(17):5521–32. https://
doi.org/10.1093/nar/gki872.
Wei S, Tanaka H, Seino Y. Local action of exogenous growth hormone
and insulin-like growth factor-I on dihydroxyvitamin D production in
LLC-PK1 cells. Eur J Endocrinol. 1998;139(4):454–60.
Henry HL. Regulation of vitamin D metabolism. Best Pract Res Clin
Endocrinol Metab. 2011;25(4):531–41. https://doi.org/10.1016/j.
beem.2011.05.003.
Marcus R, Butterfield G, Holloway L, et al. Effects of short term administration of recombinant human growth hormone to elderly people.
J Clin Endocrinol Metab. 1990;70(2):519–27. https://doi.org/10.1210/
jcem-70-2-519.
Araya Z, Tang W, Wikvall K. Hormonal regulation of the human sterol
27-hydroxylase gene CYP27A1. Biochem J. 2003;372(2):529–34. https://
doi.org/10.1042/bj20021651.
Ding N, Yu RT, Subramaniam N, et al. A vitamin D receptor/SMAD
genomic circuit gates hepatic fibrotic response. Cell. 2013;153(3):601–
13. https://doi.org/10.1016/j.cell.2013.03.028.
Gascon-Barré M, Demers C, Mirshahi A, Néron S, Zalzal S, Nanci A. The
normal liver harbors the vitamin D nuclear receptor in nonparenchymal
and biliary epithelial cells. Hepatology. 2003;37(5):1034–42. https://doi.
org/10.1053/jhep.2003.50176.
Pérez-Fernandez R, Alonso M, Segura C, Muñoz I, García-Caballero
T, Diguez C. Vitamin D receptor gene expression in human pituitary
gland. Life Sci. 1997;60(1):35–42.
Wark JD, Gurtler V. Vitamin D-induction of secretory responses in rat
pituitary tumour (GH4C1) cells. J Endocrinol. 1988;117(2):293–8.
Seoane S, Perez-Fernandez R. The vitamin D receptor represses transcription of the pituitary transcription factor Pit-1 gene without involvement of the retinoid X receptor. Mol Endocrinol. 2006;20(4):735–48.
https://doi.org/10.1210/me.2005-0253.
Ameri P, Giusti A, Boschetti M, Murialdo G, Minuto F, Ferone D. Interactions between vitamin D and IGF-I: from physiology to clinical practice.
Clin Endocrinol. 2013;79(4):457–63. https://doi.org/10.1111/cen.12268.
Fernández-Cancio M, Audi L, Carrascosa A, et al. Vitamin D and growth
hormone regulate growth hormone/insulin-like growth factor (GHIGF) axis gene expression in human fetal epiphyseal chondrocytes.
Growth Horm IGF Res. 2009;19(3):232–7. https://doi.org/10.1016/j.
ghir.2008.10.004.
Klaus G, Weber L, Rodríguez J, et al. Interaction of IGF-I and 1 alpha,
25(OH)2D3 on receptor expression and growth stimulation in rat
growth plate chondrocytes. Kidney Int. 1998;53(5):1152–61. https://doi.
org/10.1046/j.1523-1755.1998.00884.x.
Robson H, Siebler T, Shalet SM, Williams GR. Interactions between GH,
IGF-I, glucocorticoids, and thyroid hormones during skeletal growth.
Pediatr Res. 2002;52(2):137–47. https://doi.org/10.1203/00006450200208000-00003.
Yonemura K, Fujimoto T, Fujigaki Y, Hishida A. Vitamin D deficiency is
implicated in reduced serum albumin concentrations in patients with
end-stage renal disease. Am J Kidney Dis. 2000;36(2):337–44. https://
doi.org/10.1053/ajkd.2000.8984.

Esposito et al. J Transl Med

(2019) 17:87

62. Wright NM, Papadea N, Wentz B, Hollis B, Willi S, Bell NH. Increased
serum 1,25-dihydroxyvitamin D after growth hormone administration is
not parathyroid hormone-mediated. Calcif Tissue Int. 1997;61(2):101–3.
63. Bianda T, Glatz Y, Bouillon R, Froesch ER, Schmid C. Effects of short-term
insulin-like growth factor-I (IGF-I) or growth hormone (GH) treatment
on bone metabolism and on production of 1,25-dihydroxycholecalciferol in GH-deficient adults. J Clin Endocrinol Metab. 1998;83(1):81–7.
https://doi.org/10.1210/jcem.83.1.4484.
64. Beshyah SA, Thomas E, Kyd P, Sharp P, Fairney A, Johnston DG. The effect
of growth hormone replacement therapy in hypopituitary adults on
calcium and bone metabolism. Clin Endocrinol. 1994;40(3):383–91.
65. Ciresi A, Giordano C. Vitamin D across growth hormone (GH) disorders:
from GH deficiency to GH excess. Growth Horm IGF Res. 2017;33:35–42.
https://doi.org/10.1016/j.ghir.2017.02.002.
66. Mortensen C, Mølgaard C, Hauger H, Kristensen M, Damsgaard CT.
Winter vitamin D3 supplementation does not increase muscle strength,
but modulates the IGF-axis in young children. Eur J Nutr. 2018. https://
doi.org/10.1007/s00394-018-1637-x.
67. Marwaha RK, Garg MK, Gupta S, et al. Association of insulin-like growth
factor-1 and IGF binding protein-3 with 25-hydroxy vitamin D in
pre-pubertal and adolescent Indian girls. J Pediatr Endocrinol Metab.
2018;31(3):289–95. https://doi.org/10.1515/jpem-2017-0275.
68. Gannagé-Yared M-H, Chahine E, Farah V, Ibrahim T, Asmar N, Halaby G.
Serum insulin-like growth factor 1 in Lebanese schoolchildren and its
relation to vitamin D and ferritin levels. Endocr Pract. 2017;23(4):391–8.
https://doi.org/10.4158/EP161623.OR.
69. Soliman AT, Al Khalaf F, AlHemaidi N, Al Ali M, Al Zyoud M, Yakoot K.
Linear growth in relation to the circulating concentrations of insulin-like
growth factor I, parathyroid hormone, and 25-hydroxy vitamin D in
children with nutritional rickets before and after treatment: endocrine
adaptation to vitamin D deficiency. Metabolism. 2008;57(1):95–102.
https://doi.org/10.1016/j.metabol.2007.08.011.
70. Bereket A, Cesur Y, Özkan B, et al. Circulating insulin-like growth factor
binding protein-4 (IGFBP-4) is not regulated by parathyroid hormone
and vitamin D in vivo: evidence from children with rickets. J Clin Res
Pediatr Endocrinol. 2010;2(1):17–20. https://doi.org/10.4274/jcrpe
.v2i1.17.
71. Nazif H, Shatla R, Elsayed R, et al. Bone mineral density and insulin-like
growth factor-1 in children with spastic cerebral palsy. Childs Nerv Syst.
2017;33(4):625–30. https://doi.org/10.1007/s00381-017-3346-9.
72. Wójcik D, Krzewska A, Szalewski L, et al. Dental caries and vitamin D3 in
children with growth hormone deficiency. Medicine. 2018;97(8):e9811.
https://doi.org/10.1097/MD.0000000000009811.
73. Hamza RT, Hamed AI, Sallam MT. Vitamin D status in prepubertal
children with isolated idiopathic growth hormone deficiency: effect
of growth hormone therapy. J Investig Med. 2018;66:1–8. https://doi.
org/10.1136/jim-2017-000618.
74. Delecroix C, Brauner R, Souberbielle J-C. Vitamin D in children with
growth hormone deficiency due to pituitary stalk interruption
syndrome. BMC Pediatr. 2018;18(1):11. https://doi.org/10.1186/s1288
7-018-0992-3.
75. Witkowska-Sędek E, Stelmaszczyk-Emmel A, Majcher A, Demkow U,
Pyrżak B. The relationship between alkaline phosphatase and bone
alkaline phosphatase activity and the growth hormone/insulin-like
growth factor-1 axis and vitamin D status in children with growth
hormone deficiency. Acta Biochim Pol. 2018. https://doi.org/10.18388/
abp.2017_2541.
76. Witkowska-Sędek E, Stelmaszczyk-Emmel A, Kucharska A, Demkow
U, Pyrżak B. Association between vitamin D and carboxy-terminal
cross-linked telopeptide of type i collagen in children during growth
hormone replacement therapy. Adv Exp Med Biol. 2018;1047:53–60.
https://doi.org/10.1007/5584_2017_109.
77. Witkowska-Sędek E, Kucharska A, Rumińska M, Pyrżak B. Relationship
between 25(OH)D and IGF-I in children and adolescents with growth
hormone deficiency. Adv Exp Med Biol. 2016;912:43–9. https://doi.
org/10.1007/5584_2016_212.
78. Ciresi A, Cicciò F, Giordano C. High prevalence of hypovitaminosis D
in Sicilian children affected by growth hormone deficiency and its
improvement after 12 months of replacement treatment. J Endocrinol
Invest. 2014;37(7):631–8. https://doi.org/10.1007/s40618-014-0084-7.

Page 17 of 18

79. Wei S, Tanaka H, Kubo T, Ono T, Kanzaki S, Seino Y. Growth hormone
increases serum 1,25-dihydroxyvitamin D levels and decreases
24,25-dihydroxyvitamin D levels in children with growth hormone
deficiency. Eur J Endocrinol. 1997;136(1):45–51.
80. Boot AM, Engels MAMJ, Boerma GJM, Krenning EP, de Muinck KeizerSchrama SMPF. Changes in bone mineral density, body composition,
and lipid metabolism during growth hormone (GH) treatment in children with GH deficiency. J Clin Endocrinol Metab. 1997;82(8):2423–8.
https://doi.org/10.1210/jcem.82.8.4149.
81. Saggese G, Baroncelli GI, Bertelloni S, Cinquanta L, Di Nero G. Effects
of long-term treatment with growth hormone on bone and mineral
metabolism in children with growth hormone deficiency. J Pediatr.
1993;122(1):37–45.
82. Burstein S, Chen I-W, Tsang RC. Effects of growth hormone replacement therapy on 1,25-dihydroxyvitamin D and calcium metabolism.
J Clin Endocrinol Metab. 1983;56(6):1246–51. https://doi.org/10.1210/
jcem-56-6-1246.
83. Chipman JJ, Zerwekh J, Nicar M, Marks J, Pak CYC. Effect of growth
hormone administration: reciprocal changes in serum lα,25dihydroxyvitamin D and intestinal calcium absorption. J Clin Endocrinol
Metab. 1980;51(2):321–4. https://doi.org/10.1210/jcem-51-2-321.
84. Gertner JM, Horst RL, Broadus AE, Rasmussen H, Genel M. Parathyroid
function and vitamin D metabolism during human growth hormone
replacement. J Clin Endocrinol Metab. 1979;49(2):185–8. https://doi.
org/10.1210/jcem-49-2-185.
85. Sudfeld CR, Manji KP, Smith ER, et al. Vitamin D deficiency is not associated with growth or the incidence of common morbidities among
Tanzanian infants. J Pediatr Gastroenterol Nutr. 2017;65(4):467–74. https
://doi.org/10.1097/MPG.0000000000001658.
86. Sudfeld CR, Duggan C, Aboud S, et al. Vitamin D status is associated
with mortality, morbidity, and growth failure among a prospective
cohort of HIV-infected and HIV-exposed Tanzanian infants. J Nutr.
2015;145(1):121–7. https://doi.org/10.3945/jn.114.201566.
87. Chowdhury R, Taneja S, Bhandari N, Kvestad I, Strand TA, Bhan MK.
Vitamin-D status and neurodevelopment and growth in young north
Indian children: a secondary data analysis. Nutr J. 2017;16(1):59. https://
doi.org/10.1186/s12937-017-0285-y.
88. Andersson B, Swolin-Eide D, Kriström B, Gelander L, Magnusson P,
Albertsson-Wikland K. Seasonal variations in vitamin D in relation
to growth in short prepubertal children before and during first year
growth hormone treatment. J Endocrinol Invest. 2015;38(12):1309–17.
https://doi.org/10.1007/s40618-015-0360-1.
89. Ogle GD, Rosenberg AR, Calligeros D, Kainer G. Effects of growth
hormone treatment for short stature on calcium homeostasis, bone
mineralisation, and body composition. Horm Res. 1994;41(1):16–20.
https://doi.org/10.1159/000183871.
90. Spencer EM, Tobiassen O. The mechanism of the action of growth
hormone on vitamin D metabolism in the rat. Endocrinology.
1981;108(3):1064–70. https://doi.org/10.1210/endo-108-3-1064.
91. Savanelli MC, Scarano E, Muscogiuri G, et al. Cardiovascular risk in adult
hypopituitaric patients with growth hormone deficiency: is there a role
for vitamin D? Endocrine. 2016;52(1):111–9. https://doi.org/10.1007/
s12020-015-0779-3.
92. Ahmad AM, Thomas J, Clewes A, et al. Effects of growth hormone
replacement on parathyroid hormone sensitivity and bone mineral
metabolism. J Clin Endocrinol Metab. 2003;88(6):2860–8. https://doi.
org/10.1210/jc.2002-021787.
93. Pramyothin P, Holick MF. Vitamin D supplementation: guidelines
and evidence for subclinical deficiency. Curr Opin Gastroenterol.
2012;28(2):139–50. https://doi.org/10.1097/MOG.0b013e32835004dc.
94. Hoel DG, Berwick M, de Gruijl FR, Holick MF. The risks and benefits of
sun exposure 2016. Dermatoendocrinol. 2016;8(1):e1248325. https://
doi.org/10.1080/19381980.2016.1248325.
95. Harbison MD, Gertner JM. Permissive action of growth hormone on the
renal response to dietary phosphorus deprivation. J Clin Endocrinol
Metab. 1990;70(4):1035–40. https://doi.org/10.1210/jcem-70-4-1035.
96. Prentice A. Vitamin D deficiency: a global perspective. Nutr
Rev. 2008;66(10 Suppl 2):S153–64. https://doi.org/10.111
1/j.1753-4887.2008.00100.x.

Esposito et al. J Transl Med

(2019) 17:87

97. Trummer C, Schwetz V, Pandis M, et al. Effects of vitamin D supplementation on IGF-1 and calcitriol: a randomized-controlled trial. Nutrients.
2017;9(6):623. https://doi.org/10.3390/nu9060623.
98. Miles FL, Goodman PJ, Tangen C, et al. Interactions of the insulinlike growth factor axis and vitamin D in prostate cancer risk in the
prostate cancer prevention trial. Nutrients. 2017;9(4):378. https://doi.
org/10.3390/nu9040378.
99. Vasmehjani AA, Paknahad Z, Maracy MR. Association of dietary vitamin
D, serum 25-hydroxyvitamin D, insulin-like growth factor-1 concentrations and components of metabolic syndrome among Iranian
women. Adv Biomed Res. 2014;3(1):159. https://doi.org/10.4103/22779175.137873.
100. Gómez JM. The role of insulin-like growth factor I components in the
regulation of vitamin D. Curr Pharm Biotechnol. 2006;7(2):125–32.
101. Gómez JM, Maravall FJ, Gómez N, Navarro MA, Casamitjana R, Soler J.
Relationship between 25-(OH) D3, the IGF-I system, leptin, anthropometric and body composition variables in a healthy, randomly
selected population. Horm Metab Res. 2004;36(1):48–53. https://doi.
org/10.1055/s-2004-814103.
102. Lumachi F, Camozzi V, Doretto P, Tozzoli R, Basso SMM. Circulating PTH,
vitamin D and IGF-I levels in relation to bone mineral density in elderly
women. In Vivo. 2013;27(3):415–8.
103. Van Hemelrijck M, Shanmugalingam T, Bosco C, Wulaningsih W, Rohrmann S. The association between circulating IGF1, IGFBP3, and calcium:
results from NHANES III. Endocr Connect. 2015;4(3):187–95. https://doi.
org/10.1530/EC-15-0039.

Page 18 of 18

104. Bogazzi F, Rossi G, Lombardi M, et al. Vitamin D status may contribute to
serum insulin-like growth factor I concentrations in healthy subjects. J
Endocrinol Invest. 2011;34(8):e200–3. https://doi.org/10.3275/7228.
105. Kamenický P, Blanchard A, Gauci C, et al. Pathophysiology of renal
calcium handling in acromegaly: what lies behind hypercalciuria? J
Clin Endocrinol Metab. 2012;97(6):2124–33. https://doi.org/10.1210/
jc.2011-3188.
106. Amato G, Izzo G, La Montagna G, Bellastella A. Low dose recombinant
human growth hormone normalizes bone metabolism and cortical
bone density and improves trabecular bone density in growth hormone deficient adults without causing adverse effects. Clin Endocrinol.
1996;45(1):27–32.
107. Kamycheva E, Berg V, Jorde R. Insulin-like growth factor I, growth
hormone, and insulin sensitivity: the effects of a one-year cholecalciferol supplementation in middle-aged overweight and obese
subjects. Endocrine. 2013;43(2):412–8. https://doi.org/10.1007/s1202
0-012-9825-6.
108. Blok BH, Grant CC, McNeil AR, Reid IR. Characteristics of children with
florid vitamin D deficient rickets in the Auckland region in 1998. N Z
Med J. 2000;113(1117):374–6.
109. Mughal MZ, Salama H, Greenaway T, Laing I, Mawer EB. Lesson of the
week: florid rickets associated with prolonged breast feeding without
vitamin D supplementation. BMJ. 1999;318(7175):39–40.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

