Growth Hormone & IGF Research 42-43 (2018) 8-13

Contents lists available at ScienceDirect ®
Growth 1
Hormone &

IGF Researgb

Growth Hormone & IGF Research

journal homepage: www.elsevier.com/locate/ghir

Check for
updates

Growth hormone and hematopoiesis: A retrospective analysis on a large
cohort of children with growth hormone deficiency

Alessandro Ciresi, Giulia Piazza, Stefano Radellini, Valentina Guarnotta, Maria Grazia Mineo,
Carla Giordano”

Section of Endocrinology, Biomedical Department of Internal and Specialist Medicine (DIBIMIS), University of Palermo, Italy

ARTICLE INFO ABSTRACT

Objective: Few large-scale studies regarding the impact of GH deficiency (GHD) on hematopoiesis in children
have been reported. Our aim was to investigate hematopoiesis indices in a large cohort of GHD children at
diagnosis and during GH treatment (GHT) and any correlation with hormonal parameters.
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Children Design: Clinical and biochemical data of children with idiopathic GHD at diagnosis and annually up to
i;::i}; hormone treatment 36 months of GHT were retrospectively evaluated. Overall, 255 children reached 12 months, 140 children
H . 24 months and 86 children 36 months of follow-up during GHT.

ematopoiesis

Results: At baseline, 18.4% of GHD children and 10.1% of controls showed normocytic anemia. GHD children
showed lower hemoglobin (Hb) (p = 0.007), red blood cells (RBC) (p < 0.001) and hematocrit (Ht) (p = 0.001)
than controls. During GHT, the percentage of anemic patients decreased from 18.4 to 5.4-3.5 and 4.6% after 12
(p = 0.001), 24 (p < 0.001) and 36 months (p < 0.001) of GHT, respectively. In both anemic and non-anemic
patients, a significant increase in Hb (p < 0.001, < 0.001 and 0.002), RBC (all p < 0.001) and Ht (all
p < 0.001) was found after 12, 24 and 36 months of GHT. The Hb levels were significantly correlated with the
GH peak after stimulation test (p < 0.001) at baseline and with IGF-I levels at 36 months of GHT (p = 0.002).
Conclusions: A significant improvement in erythropoiesis indices occurs during GHT, regardless of any previous
presence of anemia.

[12-16] and a positive correlation between serum IGF-I levels and Hb
concentration has been shown in healthy children in some studies [17].

1. Introduction

The role of the growth hormone (GH)-insulin like growth factor-I
(IGF-D) axis in the regulation of hematopoiesis has widely been re-
cognized [1-4]. Both GH and IGF-I boost the growth of erythroid pre-
cursor cells formed by bone marrow and peripheral blood erythroid
cells in the presence of erythropoietin (Epo) in vitro [5-8]. Similarly,
hypopituitary rats suffer from anemia and have low Epo levels, which
can be restored by GH treatment (GHT) and IGF-I [1, 9].

Although there are GH receptors in the bone marrow, erythrocytes
have receptors for IGF-I and it has been hypothesized that the effect of
GH is mainly mediated by IGF-I, which has Epo-like activity and can act
both directly via an Epo-independent pathway and through enhanced
production of Epo [1, 10, 11]. Indeed, in addition to Epo, IGF-I has been
demonstrated to stimulate erythropoiesis both in vitro and in vivo

However, conflicting data regarding the impact of GH deficiency (GHD)
on hematopoiesis in humans have been reported. Some studies docu-
ment a substantial percentage of anemic patients, ranging from 12 up to
23%, among GHD subjects [2, 18-20], although these data are not
confirmed by other authors [4-21].

Discordant data also come from studies on the effect of GHT on
hematopoiesis and few large-scale studies or ones with a long follow-up
have been reported in children. The effect of GHT on hematopoietic
progenitor cells [4-22], as well as on erythropoiesis indices in both
adults [21, 23] and children affected by GHD [2, 20, 24, 25] has been
documented. However, some studies document a significant impact of
GHT on erythropoiesis indices exclusively in patients with anemia and
not in the totality of patients [19].
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red blood cells; RDW, red cell distribution width; Ht, hematocrit; MCV, mean corpuscular volume; MCH, mean corpuscular Hb; MCHC, mean corpuscular Hb

concentration; WBC, white blood cells; PLT, platelets.
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The current study aimed to investigate hematopoiesis indices in a
large homogeneous cohort of GHD children at diagnosis and during
GHT and any correlation with clinical and hormonal parameters.

2. Materials and methods

We retrospectively evaluated data of 255 children (185 males, 70
females, mean age 8 * 1.4years; range 3.7-10.9) affected by idio-
pathic GHD who were consecutively admitted to the Section of
Endocrinology of the University of Palermo from January 2005 to
January 2018 and underwent GHT for at least 12 consecutive months.
Data of 59 healthy children, who were relatives of the patients or who
were referred to our Section for short stature or thyroid screening,
matched for gender (41 males, 18 females), age (mean age
8 *+ 1.6years; range 3.4-10.8), stature and pubertal status were re-
cruited as a control group at baseline. Among these children, nobody
showed GHD, impaired thyroid function or other endocrine-metabolic
causes of short stature, for which they have been classified as affected
by familial short stature or constitutional growth delay. Six children in
the control group showed anemia secondary to nutritional causes, after
excluding a condition of chronic malabsorption. Ferritin levels resulted
however in the normal range in all GHD children and controls at
baseline.

Children with organic GHD or multiple pituitary hormone defi-
ciency or receiving other hormonal replacement treatment were ex-
cluded from the study, in order to avoid interference with the para-
meters evaluated. In addition, recognized causes of anemia, such as
hypothyroidism, celiac disease, chronic renal failure, iron deficiency or
a previous history of cranial irradiation were ruled out, as well as
children with already known thalassemic trait and/or hemoglobino-
pathy or on medications known to affect hematopoiesis, were excluded
from this analysis. In this view, we did not treat the few children with
anemia during the follow-up because anemia has always been of mild,
and never severe, degree.

All children, including the older ones, at baseline were in the first
stage of sexual development (girls with Tanner breast stage B1; boys
with testicular volume < 4 ml).

GHD was diagnosed according to the auxological, radiological and
biochemical criteria of the GH Research Society [26]. As auxological
data we considered height and growth velocity 1 year before diagnosis.
As radiological criteria we considered a bone age delay, estimated from
an X-ray of the left wrist and hand and evaluated according to the
methods of Greulich and Pyle, of at least 1year with respect to the
chronological age [27]. Subsequently, we calculated the bone/chron-
ological age ratio. As per internal protocol, GHD was biochemically
diagnosed by failure of GH to respond to the glucagon stimulation test
(GST) as a first test and to the insulin tolerance test (ITT) or arginine
test (ARG) based on availability, with GH peaks below 10 pg/l until
2015 and below 8 g/l thereafter, according to the Italian criteria of
appropriateness of use and reimbursement of GHT in children [28].

All GHD children received GH once daily at bedtime with a pen
injection system. During the entire follow-up, IGF-I levels and growth
velocity allowed us to determine the GH dose. Specifically, the main
targets were arbitrarily IGF-I levels between —0.5/+0.5 SD and/or
growth velocity =1 SD.

On average, in all patients, the initial daily dose of GH was
0.025 mg/Kg. It was gradually increased to 0.027-0.028 mg/Kg from
month 6 to 12, to 0.029-0.030 mg/Kg from month 12 to 18, to
0.030-0.032 mg/Kg from month 18 to 24 and to 0.032-0.034 mg/Kg
thereafter until 36 months, in order to achieve the above-mentioned
targets.

Overall, 255 GHD children reached 12months, 140 children
reached 24 months and 86 children reached 36 months of follow-up
during GHT.
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2.1. Study protocol

In all children at baseline we measured body height (expressed as
Standard Deviation, SD) and body mass index (BMI) SD. GH secretion
was evaluated by GH levels during GST, ITT or ARG test, performed on
different days. During the baseline sampling of one of the two tests, a
blood sample was drawn for a full blood count. Evaluation of he-
moglobin (Hb) concentration, red blood cells (RBC), hematocrit (Ht),
mean corpuscular volume (MCV), mean corpuscular Hb (MCH) and
mean corpuscular Hb concentration (MCHC) was performed at baseline
and annually during the follow-up of GHT. Using age-adjusted normal
ranges, Hb and RBC were expressed as both absolute and SD values.
Anemia was defined by blood Hb concentration < 2 SD below the mean
normal values for age [29].

After the diagnosis of GHD was made, in GHD children in addition
to auxological parameters and IGF-I measurement we performed a
blood count annually, while in the control group these evaluations were
only performed at baseline.

The institutional Ethics Committee of the University of Palermo
approved this study. At the time of hospitalization, an informed consent
for scientific use of the data was obtained from both the participants
and their parents.

The data analysis was performed both in the whole group of GHD
children and also separately in children with or without anemia at
baseline.

2.2. Hormone and biochemical assays

The complete blood cell count was performed in the centralized
accredited laboratories of the University of Palermo with the standard
methods. During the study period GH levels were assayed by im-
munoradiometric (Radim, Pomezia, Italy) until 2015 and electro-
chemiluminescence assays (ECLIA, Elecsys hGH, Roche, Milan, Italy)
thereafter, according with different availability, with an assay sensi-
tivity of 0.05 and 0.03 pg/1, respectively. The intra-assay coefficients of
variation (CVs) were 2.5-3.9% and 0.6-5.0%, respectively and the
inter-assay CVs were 3.8-5.0% for both. Serum total IGF-I was assayed
with the ELISA method (OCTEIA IGF-I kit, IDS Inc., Fountain Hills, AZ,
USA) until 2013 and by chemiluminescent immunometric assay
(Immulite 2000; Diagnostic Products Corp., Los Angeles, CA) using
murine monoclonal anti-IGF-I antibodies thereafter. The sensitivity of
methods was 1.9 pg/1. The standards were calibrated against the World
Health Organization second IS 87/518. The intra-assay CVs were
2.3-3.5% and 2.3-3.9%, respectively and the inter-assay CVs were
7-7.1% and 3.7-8.1%, respectively.

2.3. Statistical analysis

The Statistical Packages for Social Sciences SPSS version 19 was
used for data analysis. Baseline characteristics were presented as
mean *+ SD for continuous variables (normality of distribution for the
quantitative variables was assessed with the Kolmogorov-Smirnov test),
rates and proportions were calculated for categorical data. Differences
between the 2 independent groups (GHD children and controls) were
assessed by Student's test or the Mann-Whitney U test when appro-
priate, while the differences between paired continuous variables (be-
fore and during GHT) were analyzed by the paired Student's t-test or the
Wilcoxon test, when appropriate. The Spearman rank order correlation
test was used to evaluate the relationship between the Hb levels and
hormonal parameters. A p value < 0.05 was considered statistically
significant.

3. Results

The clinical and biochemical features of control subjects and GHD
children at diagnosis are shown in Table 1.
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Table 1
Baseline clinical and biochemical features of GHD children and control subjects.

GHD children No Controls No 59

255
Gender 0.373
Males 185 (72.5) 41 (69.5)
Females 70 (27.5) 18 (30.5)
Mean * SD Mean * SD
Age (years) 8 +14 8 +1.6 0.823
Height (SD) -21 %= 0.5 -22 *= 0.6 0.596
BMI (SD) —-0.6 £ 04 -1.3 £ 0.7 < 0.001
Growth velocity (SD) —-2.3 £ 0.5 -1.3 £ 0.8 < 0.001
Ratio bone/chronological 0.81 = 0.11 0.87 = 1.12 < 0.001
age
GH peak after GST (ug/1) 3.6 =29 11.4 * 6.6 < 0.001
GH peak after ARG or ITT 6.2 + 45 143 + 7.4 < 0.001
(ng/D
IGF-I (SD) —-0.7 £ 0.6 —-0.4 = 0.6 < 0.001
Subjects (%) Subjects (%)
Prevalence of anemia 47 (18.4) 6 (10.1) 0.087
Mean + SD Mean + SD
Hb (g/dl) 12.2 = 0.9 126 = 1.1 0.007
Hb SD -05 =1 -0.1 = 0.7 0.007
RBC (x 10°/ml) 45 = 0.3 47 = 0.4 < 0.001
RBC SD -0.4 = 0.6 -0.07 = 0.7 < 0.001
RDW% 12.9 = 0.5 129 = 0.5 0.971
Ht (%) 36.8 + 2.4 385 = 21 0.001
MCV (1) 821 = 1.3 81.9 = 3.9 0.791
MCH (pg) 27.4 = 1.2 27.4 + 1.2 0.892
MCHC (g/dl) 341 + 0.4 334 = 1.3 0.063
WBC (x 10%/ml) 6.4 + 1.3 6.3 + 1.4 0.789
PLT (x 10%/ml) 292 * 65 294 * 62 0.830

SD: standard deviation; GST: glucagon stimulation test; ARG: arginine stimu-
lation test; Hb: hemoglobin; RBC: red blood cells; RDW: red cell distribution
width; Ht: hematocrit; MCV: mean corpuscular volume; MCH: mean corpus-
cular Hb; MCHC: mean corpuscular Hb concentration; WBC: white blood cells;
PLT: platelets.

At baseline, GHD children showed significantly lower growth ve-
locity (p < 0.001), bone/chronological age ratio (p < 0.001), IGF-I
(p < 0.001), GH peak after stimulation tests (all p < 0.001) and GH
peak after arginine test (p < 0.001), and higher BMI (p < 0.001) than
control subjects, while no significant difference in height between GHD
children and controls was found.

The percentage of anemic patients was 18.4% (47 children) in the
GHD group and 10.1% (6 children) in the control group (p = 0.087).
GHD children showed lower Hb (p = 0.007), RBC (p < 0.001) and Ht
(p = 0.001), while no difference was found in other hematopoietic
parameters.

The clinical and biochemical features of GHD children during GHT
are shown in Table 2.

In GHD children we observed a significant increase in height (all
p < 0.001), growth velocity (allp < 0.001) and IGF-I (allp < 0.001)
after 12, 24 and 36 month of GHT, while no difference was found in
BMI.

The percentage of anemic patients decreased from 18.4% at baseline
to 5.4%, 3.5% and 4.6% after 12 (p = 0.001), 24 (p < 0.001) and
36 months (p < 0.001) of GHT, respectively.

A significant increase in Hb (p < 0.001, < 0.001 and 0.002), RBC
(all p < 0.001), Ht (all p < 0.001), and decrease in MCV (all
p < 0.001) and MCHC (p = 0.021, < 0.001 and 0.002) was found
after 12, 24 and 36 months of GHT, respectively, while MCH decreased
after 24 (p = 0.001) and 36 months (p = 0.003). No significant change
was found in RDW, WBC and PLT values.

When we separately analyzed the hematopoietic parameters in GHD
children according to the presence of anemia at baseline, both in
anemic and non-anemic patients we confirmed the same significant
changes shown for the whole group (data not shown).
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In GHD children, the Hb levels were significantly correlated with
the GH peak after stimulation test (Rho 0.428, p < 0.001) and not with
IGF-I (p = 0.254) at baseline, and with IGF-I levels at 36 months of GHT
(Rho 0.336, p = 0.002) (Fig. 1).

4. Discussion

In this study we found that children with GHD show a higher pre-
valence of anemia than controls and GHT leads to a significant im-
provement in hematopoietic indices.

The evidence of the close relationship between GH-IGF-I axis and
hematopoiesis comes from studies on children with congenital anemia
[30]. To confirm this, several studies document some degree of anemia,
mainly characterized by lower Hb and RBC, in GHD patients compared
to controls [21, 25], although other studies did not show significant
abnormality in peripheral RBC in GHD patients at diagnosis [4, 21].

In the current study we demonstrated that GHD children at diag-
nosis have significantly lower levels of Hb, RBC and Ht, with a pre-
valence of about 18% of anemia, higher than that highlighted in
healthy controls. These data are wholly in agreement with those of
previous studies. Indeed, in 2002 Eugster et al. documented an in-
cidence of 12% of overt normochromic normocytic anemia among 100
children with GHD [18], while higher percentages (from 14 up to 23%)
were found by other authors [2, 19, 20].

The impact of GHT on hematopoiesis has been quite debated. In our
study, in addition to the expected improvement in clinical and aux-
ological parameters, we found a significant decrease in the percentage
of anemic patients during GHT, with a significant increase in Hb and
RBC levels. The increase occurred mainly after 12 months of GHT and
subsequently stabilized, always remaining within the normal values.

GHT has proven to have a marked effect on erythroid progenitor
precursors, but negligible effects on peripheral blood cells. Indeed, a
significant impact of GH on hematopoietic progenitor cells was docu-
mented in 40 GHD children after 3 and 6 months of GHT [22]. Simi-
larly, Kotzmann et al. showed that 11 adult patients had hematopoietic
precursor cells in the lower normal range. In addition, the authors de-
monstrated a significant increase in erythroid progenitor precursor cells
after 24 months of GHT, whereas the parameters reflecting ery-
thropoiesis in the peripheral blood, such as reticulocytes and RBC, ex-
hibited only minimal and non-significant changes [4].

Conversely, in 1993 Ardizzi et al. showed a significant increase in
number of RBC, Hb and Ht values in 8 subjects with GHD after 9 months
of GHT and they concluded that GH would also appear to stimulate
erythropoiesis in vivo [31] and these data are in agreement with our
study. Similar data were previously demonstrated both in adults and
children with GHD. Ten Have et al. showed a significant increase in Hb
levels from week 36 and up to 120 weeks of GHT in a group of 17 GHD
adults [23], while Christ et al. demonstrated a stimulatory effect of GHT
on RBC in 13 adults with GHD [21].

Similar results come from pediatric populations. Indeed, the positive
effect of GHT on hematopoiesis has been demonstrated by Vihervuori
et al. in 36 GHD children during the first 6 months of GHT [24] and by
Valerio et al. who analyzed the erytropoiesis indices of 19 GHD chil-
dren, confirming the in vivo erytropoietic growth-promoting effects of
GH, as demonstrated by the increase in Hb, Ht and RBC values after
6 months of GHT [25]. More recently, Miniero et al. confirmed the
positive impact of GHT in a large series of 279 GHD children retro-
spectively evaluated after 48 months of treatment [20]. In agreement
with these data, the long-term effects of GHT on erythrocytes para-
meters were shown by Esposito et al. who evaluated 85 GHD children
during the first 5 years of treatment and documented a significant in-
crease in Hb, Ht and RBC which became comparable to controls within
the first 2 years [2].

However, some studies only document a positive impact of GHT on
hemopoietic indices only in already anemic GHD patients. Bergamaschi
et al. documented that, when a condition of normochromic normocytic
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Table 2
Clinical and biochemical features at baseline and during GH treatment (GHT) of GHD children.
Baseline No 255 12 months No 255 24 months No 140 36 months No 86 P p* p**
Mean * SD Mean * SD Mean * SD Mean * SD
Height (SD) -21 £ 05 -1.7 £ 0.5 -1.3 £ 05 -1.1 = 05 < 0.001 < 0.001 < 0.001
BMI (SD) —-0.6 =+ 0.4 -0.7 = 0.7 -0.6 = 0.7 —-0.6 = 0.5 0.272 0.241 0.245
Growth velocity (SD) -2.3 £ 05 -1+ 0.6 -0.2 = 0.3 —-0.4 = 05 < 0.001 < 0.001 < 0.001
IGF-I (SD) —-0.7 £ 0.6 —-0.1 = 0.4 0.1 = 0.2 0.2 = 0.3 < 0.001 < 0.001 < 0.001
Subjects (%) Subjects (%) Subjects (%) Subjects (%)
Prevalence of anemia 47 (18.4) 14 (5.9 5(3.5) 4 (4.6) 0.001 < 0.001 < 0.001
Mean + SD Mean * SD Mean * SD Mean * SD
Hb (g/dD) 12.2 = 0.9 131 + 1.1 13.2 £ 0.5 13.3 £ 0.9 < 0.001 < 0.001 0.002
Hb SD -05 *1 0.02 = 0.7 0.1 = 0.6 0.09 = 0.6 < 0.001 < 0.001 < 0.001
RBC (x 10°/ml) 45 = 0.3 49 = 0.5 48 = 0.6 4.8 = 0.6 < 0.001 < 0.001 < 0.001
RBC SD —-0.4 + 0.6 —-0.01 = 0.9 0.02 = 0.9 0.01 = 0.9 < 0.001 < 0.001 < 0.001
RDW% 12.9 = 0.5 129 = 0.4 13 = 0.3 13 = 0.4 0.656 0.365 0.597
Ht (%) 36.8 + 2.4 38.7 + 3.8 39.5 £ 25 39.6 =+ 39 < 0.001 < 0.001 < 0.001
MCV (1) 82.1 = 1.3 79.6 = 2 79.2 = 1.8 78.7 = 1.7 < 0.001 < 0.001 < 0.001
MCH (pg) 274 = 1.2 272 = 1.4 26.2 = 1.3 258 = 1.5 0.513 0.001 0.003
MCHC (g/dl) 341 = 04 334 = 1.1 329 = 0.8 331 = 1.1 0.021 < 0.001 0.002
WBC (x 10%/ml) 6.4 = 1.3 6.4 = 14 6.3 = 1.2 6.3 = 1.2 0.871 0.157 0.130
PLT (x 10°/ml) 292 + 65 288 + 59 300 + 56 293 + 50 0.203 0.949 0.330

SD: standard deviation; Hb: hemoglobin; RBC: red blood cells; RDW: red cell distribution width; Ht: hematocrit; MCV: mean corpuscular volume; MCH: mean
corpuscular Hb; MCHC: mean corpuscular Hb concentration; WBC: white blood cells; PLT: platelets.

p: difference between values at 12 months and baseline.
p*: difference between values at 24 months and baseline.
**: difference between values at 36 months and baseline.
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Fig. 1. Correlation between hemoglobin (Hb) levels and GH peak during stimulation test (top left) and IGF-1 standard deviation (SD) (top right) at baseline and

between Hb levels and IGF-1 SD at 36 months of GH treatment (bottom).

anemia was present, GHT was able to restore normal Hb levels in GHD
patients, while no effect in patients with baseline normal indices was
found [19]. Similarly, Esposito et al. demonstrated a normalization of
Hb levels in all anemic GHD children after 5years of GHT [2] and
Sohmiya et al. documented similar beneficial effects of GHT in anemic

adult patients with GHD [3]. By contrast, in our study we documented a
positive effect of GHT both in the whole cohort of GHD children and
independently in the anemic and non-anemic group.

Significantly, confirming the role of GH/IGF-I axis in stimulating
erythropoiesis in vivo, we found a significant correlation between Hb

11
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levels and GH peak during a stimulation test at baseline and with IGF-I
levels during GHT. Indeed, it is well known that IGF-I levels are not
very useful as a diagnostic tool, especially in children, because a
number of factors may affect its measurements and in GHD too values
of IGF-I within the normal range can occur, while during GHT they
become more useful due to its close GH dependency, although they do
not always correlate well with the growth response [26, 32]. A close
relationship between the increase in erythropoiesis indices and IGF-I
levels has already been demonstrated during GHT both in adults [23]
and in children [2, 20, 24], although Kotzmann et al. demonstrated that
the increase of IGF-I levels during GHT in a group of 11 adult patients
was more associated with increased erythroid precursor cells than
peripheral RBC [4].

In this study, we cannot exclude or confirm the impact of GHT or
IGF-I on Epo secretion, the main regulator of human erythropoiesis,
because we did not measure Epo levels. Indeed, an early increase in Epo
during the first week of GHT, probably secondary to initial hemodi-
luition and a decrease in Hb levels, was documented [3, 33] and Quin
et al. reported the in vivo stimulatory effect of IGF-I therapy on Epo
concentrations [34]. However, no effect of GHT on Epo was found by
other studies in both adult [4, 21] and pediatric GHD patients [35].

GHT seems to increase all erythropoiesis indices with the exception
of MCV [31]. Indeed, all red cell indices, i.e. MCV, MCH and MCHC,
were shown to be reduced during GHT by previous studies, probably
due to the increased demand for iron secondary to the increased ery-
throcyte production rate [21, 36] and these data are in agreement with
our results. In particular, we found comparable MCV, MCH and MCHC
at baseline between GHD children and controls, with a significant de-
crease of these parameters during GHT, although they remained into
the normal range.

The effect of GHD or GHT on peripheral red cells could theoretically
be explained by the effect of GH on plasma volume. It is known that
extracellular water is decreased in untreated GHD [37, 38] and GHT
leads it to increase [39]. Indeed, Vihervuori et al. demonstrated that Hb
concentrations fell during the first week of GHT and were accompanied
by a consequent increase in Epo secretion, probably due to the initial
hemodiluition and fluid-retaining effect of GH [33]. However, in this
study we did not evaluate this effect of GHT so we cannot be sure we
can exclude this component.

In addition to the well known IGF-I effects on erythropoiesis, the
stimulating effect of GH could also be explained by an anabolic effect.
Indeed, GH increases the necessity for oxygen transport to peripheral
tissues, resulting in increased oxygen transportation and Hb levels [40].

No significant change in WBC and PLT levels was found in this
study. Neither GHD nor GHT seem to influence these parameters, in
agreement with previous reports [2, 35]. Data about the effect of GHT
on WBC and PLT are quite discordant in literature, However, it seems
that only neutrophil count increases after GHT, and not lymphocyte,
monocyte or eosinophil counts [41], while in our study we just eval-
uated the total WBC levels. In addition, it must be kept into account the
physiological change of WBC and PLT during growth, which could
counteract a potential stimulatory effect of GHT, as well as a limit of
our study is that we only evaluated the cells count, while we did not
perform functional tests of these cells.

This study undoubtedly has some limitations, mainly represented by
the lack of follow-up data for the control group. In addition, adding
data on Epo levels and iron metabolism during the follow-up will cer-
tainly confirm these data in future studies. Conversely, in our opinion
the strength of this study is represented by the number and homo-
geneity of the cohort of patients enrolled and the duration of follow-up.

5. Conclusions
This study show that a significant percentage of GHD children have

normocytic normochromic anemia and confirm that a significant im-
provement in erythropoiesis indices occurs during GHT, confirming the
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in vivo erytropoietic growth-promoting effect of GH regardless of any
previous presence of anemia and without significant impact on WBC
and PLT. Therefore, a full blood count should always be performed
routinely during the follow-up of children with GHD and changes
during GHT should be assessed before any further investigation or in-
tervention. However, the exact mechanism through which GH impacts
hematological indices remains not fully understood, as well as, in ab-
sence of data about potential variations in EPO or iron metabolism
during the follow-up, the clear causal role of GHD and GHT remains to
be established.
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