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ABSTRACT

Objective: Growth and development in children are significantly influenced by
nutritional status. Nutritional deficiencies such as low hemoglobin (Hb), ferritin, vitamin
B12, and vitamin D have been linked to impaired growth. This study aims to evaluate the
impact of these nutritional markers on growth outcomes in children with idiopathic
growth hormone deficiency (IGHD) undergoing recombinant growth hormone therapy
(rhGH).

Material and Methods: A cross-sectional, retrospective study was conducted on 100
children with IGHD, aged under 16, diagnosed between 2000 and 2023. Data were
collected from medical records, including height, body mass index (BMI), pubertal
status, bone age, and nutritional markers [Hb, ferritin, vitamin B12, 25-hydroxy-vitamin
D3 (25(OH)D3]. Growth parameters were assessed at the start and end of the first year of
rhGH treatment.

Results: The cohort had a median age of 11.3 years; 30% were female, and 50% were
prepubertal. The median height standard deviation score (SDS) was -2.8, and median
BMI SDS was -0.7. Prevalence of nutritional deficiencies included 23% with low Hb,
31% with low ferritin, 44% with low 25(OH)Ds, and 15% with low vitamin B12. Despite
these deficiencies, no significant differences were observed in height SDS or growth
velocity when grouped by nutritional markers or supplementation status. Growth velocity
showed a significant positive correlation with Hb levels and mid-parental height (MPH).

Conclusion: Nutritional deficiencies were common among IGHD patients; there was no
significant difference in terms of growth-related metrics in the first year of the rhGH
therapy in comparisons between the groups with and without common nutritional
deficiencies. This finding underscores the resilience of growth in the presence of these
deficiencies. In contrast, growth velocity correlated positively with Hb levels and MPH,
suggesting that these factors may play a significant role in influencing growth. Further
research with larger samples and extended follow-up is needed to explore the long-term
impact of nutritional supplementation on growth in IGHD.

Keywords: Nutrition, idiopathic growth hormone deficiency, hemoglobin, ferritin,
vitamin B12, 25-OH-vitamin-Ds, growth

INTRODUCTION

Growth and development during childhood are critical for long-term health and well-being.
Various factors, including nutritional status, hormonal balance, and genetic influences, play
pivotal roles in determining growth patterns and final height outcomes. Malnutrition and
deficiencies in essential nutrients have been widely recognized as significant contributors
to impaired growth and development. For instance, deficiencies in iron, vitamin B12, and
vitamin D are known to adversely affect hematologic and metabolic functions, potentially
influencing growth trajectories (1).

Hemoglobin (Hb) levels, ferritin (an indicator of iron stores), vitamin B12, and 25(OH)Ds
levels are commonly assessed to evaluate nutritional status and its impact on growth.
Recent studies have demonstrated that these parameters can be linked to growth parameters
such as height and growth velocity (2).
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However, the impact of nutrient deficiencies on growth
during recombinant growth hormone (rhGH) therapy in
individuals with growth hormone deficiency (GHD), as well
as the potential benefits of nutritional supplementation,
continue to be important areas of ongoing research.

This study aims to examine the relationship between
nutritional status indicators and growth outcomes in a
pediatric population with idiopathic GHD (IGHD). By
analyzing a cohort of 100 children with varying degrees of
nutritional deficiencies, we seek to understand how these
factors influence height, growth velocity, and other growth-
related metrics within the Turkish population. Furthermore,
we aim to assess the impact of nutritional supplementation on
these growth parameters.

MATERIALS and METHODS
Study Design and Participants

This cross-sectional, retrospective and single-center study
included 100 IGHD patients diagnosed between 2000-2023
years and data were recruited from medical records of our
endocrinology clinic of Akdeniz University Hospital. This
date range was selected to include the oldest patient for whom
archival records are available and the newest patient who has
completed at least one year of rhGH therapy. It encompasses
all IGHD cases with complete medical data that were
diagnosed and treated at our center during this period. The
inclusion criteria included children under 16 years of age,
with no other chronic illnesses or growth-affecting conditions
that could potentially confound the results.Diagnosis of GHD
and treatment procedure

The diagnosis of IGHD in patients was established based on
specific consensus criteria. These criteria included (3):

1. Height and Growth Velocity: Patients needed to have a
height below -2 Standard Deviation Scores (SDS) for their
age, accompanied by inadequate growth velocity relative to
their age group.

2. Growth Hormone (GH) Stimulation Tests: A peak GH
concentration of less than 10 ug/L, measured during two
separate GH stimulation tests, was required to confirm the
diagnosis.

3. Bone Age Delay: There had to be at least a two-year delay
in bone age compared to chronological age, indicating
impaired skeletal maturation.

4. Imaging and Hormonal Evaluation: The diagnosis
required that magnetic resonance imaging (MRI) of the brain
showed no hypothalamic or pituitary lesions, and there was
no evidence of other pituitary hormone deficiencies.

All patients diagnosed with IGHD were initially treated with
rhGH administered subcutaneously at a starting dose of 0.1
units per kilogram per day, which is approximately 33
micrograms per kilogram per day. During follow-up
evaluations, if the growth response or insulin-like growth
factor-1 (IGF-1) levels were deemed inadequate, the dosage
of rhGH was adjusted upward to better meet the treatment
goals.
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Data Collection

Height: Measured using a standard stadiometer with precision
to the nearest 0.1 cm. Height SDS was calculated based on
age and sex-specific reference standards (4).

Body Mass Index (BMI): Calculated as weight (kg) divided
by height squared (m?). BMI SDS was also derived using age
and sex-specific reference data (4).

Pubertal Status: The pubertal stage was evaluated by Marshall
and Tanner (5).

Bone Age and Predictive Adult Height (PAH): Determined
through X-ray imaging of the left hand and wrist, assessed
using the Greulich and Pyle method (6). For subjects with a
bone age greater than 6 years, the PAH was determined using
the Bayley-Pinneau method (7). In contrast, for those with a
bone age of less than 6 years, the PAH was calculated using
the Roche-Wainer-Thissen method (8).

The mid-parenteral height (MPH): It was calculated
according to the formula: (height of mother + height of father
— 13)/2 for girls and (height of mother + height of father +
13)/2 for boys.

Laboratory Tests: Hb levels are measured in g/dL, ferritin
levels are assessed in pg/L, and vitamin BI12 levels are
measured in ng/L. Normal ranges are determined using age-
and sex-specific scales (9,10,11). 25(OH)D; levels are
measured in pg/L, with 25(0OH)D; deficiency defined as <20
ng/L (12).

Ethics

This study was conducted in compliance with the principles
outlined in the Declaration of Helsinki. The research protocol
was reviewed and approved by the Akdeniz University
Hospital ethics committee (approval number: TBAEK-570)
and all procedures adhered to ethical standards to ensure the
integrity and ethical conduct of the study.

Statistical Analysis

Descriptive  statistics were used fo summarize the
demographic and clinical characteristics of the participants.
Continuous variables were presented as means =+ standard
deviations (SD), and categorical variables were presented as
frequencies and percentage. To assess the differences in
growth parameters between groups (e.g., based on Hb levels,
ferritin, vitamin B12, and 25-OH-D-vitamin levels),
independent t-tests or Mann-Whitney U tests were used as
appropriate. For categorical variables, chi-square tests were
employed. Pearson or Spearman correlation coefficients were
calculated to explore relationships between growth
parameters (e.g., height SDS, growth velocity) and various
nutritional markers. The strength of the relationship was
interpreted based on the following r values: very weak (<
0.25), weak (0.26 to 0.49), medium (0.50 to 0.69), high (0.70
to 0.89), and very high (0.90 to 1.0). Statistical significance
was considered at p < 0.05. Statistical analyses of our study
were conducted using the Statistical Package for the Social
Sciences program (version 23.0 for Windows, IBM Corp.,
Armonk, NY, USA).
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RESULTS

In this study, 100 children with a median age of 11.3 years
were evaluated. Clinical and laboratory parameters of IGHD
cases were expressed in Table 1. Of these children, 30% were
female, and 50% were prepubertal. The median height was
128.1 cm, with a height SDS of -2.8. The average BMI was
16.0 kg/m?, and the BMI SDS was -0.7. Hb levels averaged
12.6 g/dL, with 23% of the children having low Hb levels.
The median ferritin level was 26.8 ng/L, and 31% had low
ferritin levels. The median 25-OH-D-vitamin level was 22.1
ng/L, with 44% having low levels. Vitamin B12 levels
averaged 393.5 ng/L, and 15% had low levels. 41% of the
children were receiving at least one type of nutritional
supplement (iron, B12, vitamin D, or multivitamin). During
the first year of treatment, the height SDS was -2.2, and the
annual growth velocity was 8.6 cm/year, with a growth
velocity SDS of 1.4 (Table 1).

Table 1. Clinical and laboratory parameters of IGHD cases

The characteristics based on Hb levels and growth-related
metrics are presented in Table 2. When the cases were
divided into groups based on Hb levels (low vs. normal),
there were no significant differences in height SDS at the start
of treatment, height SDS at the end of the first year of
treatment, or growth rates. Similarly, when categorized based
on ferritin, vitamin B12, and 25-OH-D-vitamin levels, no
significant differences in height parameters were observed
(Tables 3, 4, 5). Additionally, no significant differences were
found in height SDS, height SDS at the end of the first year,
or growth rates based on nutritional supplement use (p >
0.05).

Correlation analyses revealed that factors influencing height
SDS at the end of the first year of treatment included initial
height SDS, PAH, PAH SDS, and MPH. The growth velocity
during the first year of treatment showed a significant positive
correlation with hb levels, MPH, and MPH SDS (Table 6).

N=100

Age (year)
Sex (F) (n, %)

Pubertal status (prepubertal) (n, %)

Height (cm)

Height SDS

BMI (kg/m?)

BMI SDS

Birth weight (kg)

Hb (g/dl)

Low Hb (n, %)

Ferritin (ug/L)

Low Ferritin (n, %)
25(0OH)D; (ug/L)

Low 25(OH)D; (n, %)
Vitamin B12 (ng/L)
Low vitamin B12 (n, %)
Nutritional replacement + (n, %)
IGF1 (ng/L)

IGF1 SDS

IGFBP3 (mg/L)
IGFBP3 SDS
Hypophysis thickness (mm)
Peak GH (ng/L)

BA (year)

PAH (cm)

PAH SDS

MPH (cm)

MPH SDS

Height SDS (1% year)
GV (1% year) (cm/year)
GV SDS (1% year)

11.3 (5.6)
30 (30 %)
50 (50 %)
128.1 (29.4)
2.8(0.8)
16.0 (3.1)
0.7 (L.6)
3100 (600)
12.6 (1.3)
23 (23%)
26.8 (25.1)
31 (31%)
22.1(11.3)
44 (44%)
393.5 (285.5)
15 (15%)
41 (41%)
105 (117)
-1.3(1.4)
3400 (2450)
0.3(L.9)
4.0 (2.0)
4.1(4.0)
8.7 (5.6)
161.9 (13.8)
-1.9(L.1)
164.0 (14.5)
-1.5(1.2)
2.2(0.7)
8.6 (2.3)
1.4 (1.5)

Data are expressed as median (IQR) or number (percentage).

F: female; BMI: body mass index; SDS: standard deviation score; Hb: hemoglobin; 25(OH)D3: 25-hydroxy-vitamin D3;
IGF1: insuline like growth factor 1; IGFBP3: insuline like growth factor binding protein 3; GH: growth hormone; BA:
bone age; PAH: predictive adult height; MPH: midparental height; GV: growth velocity.
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Table 2. Clinical parameters according to hemoglobin level

Low Hb (n=23)
Height 132.8 (16.8)
Height SDS -2.8(0.6)
BMI 16.2 (5.6)
BMI SDS 0.6 (1.8)
Height SDS (1* year) -2.1(0.6)
GV (1% year) 8.7(1.8)
GV SDS (1% year) 1.1(2.2)

Normal Hb (n=77)
126.1 (30.8)
-2.9(1.2)
15.7 (3.0)
-0.7 (1.5)
-2.2(0.7)
8.5(1.6)
1.4(1.5)

0.099

0.168
0.238
0.811
0.260
0.632
0.981

Data are expressed as median (IQR).

Hb: hemoglobin; BMI: body mass index; SDS: standard deviation score; GV: growth velocity.

Table 3. Clinical parameters according to ferritin level

Low Ferritin (n=31)

Height 124.3 (31.8)
Height SDS -2.9(0.9)
BMI 16.0 (2.6)
BMI SDS 0.8 (1.7)
Height SDS (1* year) -2.1(0.6)
GV (1% year) 9.4 (3.8)
GV SDS (1% year) 1.5(1.7)

Normal Ferritin (n=69)
127.2 (27.3)
2.8 (0.7)
15.6 (3.0)
-0.8 (1.4)
-2.2(0.6)
8.5(1.1)
1.3(1.4)

0.974
0.785
0.847
0.705
0.833
0.400
0.678

Data are expressed as median (IQR).

BMI: body mass index; SDS: standard deviation score; GV: growth velocity.

Table 4. Clinical parameters according to 25-hydroxy-vitamin D level

Low 25(0OH)D; (n=44)

Height 117.5 (26.0)
Height SDS -2.8(0.6)
BMI 15.3(2.3)
BMI SDS -0.8(1.4)
Height SDS (™' year) -2.1(0.6)
GV (1% year) 8.3(1.1)
GV SDS (1% year) 1.2(1.0)

Normal 25(0OH)D; (n=56)
126.5 (36.0)
2.9(1.0)

15.5 (2.8)
0.8(L.7)
2.2(0.8)
8.5(2.5)

1.4 (1.9)

0.543
0.570
0.908
0.808
0.666
0.520
0.678

Data are expressed as median (IQR).

25(OH)Ds: 253-hydroxy-vitamin D3; BMI: body mass index; SDS: standard deviation score; GV: growth velocity.

Table 5. Clinical parameters according to vitamin-B12 level

Low vitamin-B12 (n=15)

Height 128.4 (23.1)
Height SDS -2.9(0.2)
BMI 16.1(3.5)
BMI SDS -0.8 (1.6)
Height SDS (1* year) -2.2(0.2)
GV (1% year) 8.8(1.3)
GV SDS (1% year) 1.4(1.2)

Normal vitamin-B12 (n=85)
127.8 (30.3)
-2.8(0.7)

15.7 (2.6)

-0.8 (1.7)
-2.2(0.8)
8.5(2.4)
1.3(1.5)

0.456
0.286
0.634
0.885
1.000
0.497
0.343

Data are expressed as median (IQR).

BMI: body mass index; SDS: standard deviation score; GV: growth velocity.
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Table 6. Correlational analyses of first year height SDS and
growth velocith with clinical and laboratory parameters

Height SDS GV
(1% year) (1% year)
Age p:0.284 p:0.206
R:-0.111 R:0.131
Height p:0.721 p:0.123
R:0.031 R:0.159
Height SDS p<0.001* p:0.563
R:0.686 R:-0.060
BMI p:0.455 p:0.178
R:0.077 R:0.139
BMI SDS p:0.187 p:0.855
R:0.137 R:0.019
Birth weight p:0.784 p:0.175
R:-0.033 R:0.162
Hb p:0.944 p:0.032%
R:-0.004 R:0.224
Ferritin p:0.939 p:0.554
R:0.010 R:0.075
25(0OH)D; p:0.951 p:0.758
R:-0.008 R:-0.040
Vitamin B12 p:0.767 p:0.121
R:-0.040 R:-0.208
Hypophysis thickness p:0.153 p:0.822
R:-0.094 R:-0.031
Peak GH p:0.266 p:0.217
R:-0.115 R:-0.228
BA p:0.622 p:0.221
R:-0.051 R:0.127
PAH p:0.008%* p:0.354
R:0.269 R:0.096
PAH SDS p:0.002* p:0.312
R:0.313 R:0.105
MPH p:0.033%* p:0.015%
R:0.219 R:0.249
MPH SDS p:0.062 p:0.003*
R:0.192 R:0.304
*statistically  significant  correlation; R:  correlation
coefficient.

GV: growth velocity; BMI: body mass index; SDS: standard
deviation score; Hb: hemoglobin; 25(OH)D3: 25-hydroxy-
vitamin D3; GH: growth hormone; BA: bone age; PAH:
predictive adult height; MPH: midparental height.

DISCUSSION

This study assessed 100 children with a median age of 11.3
years, evaluating their growth parameters and nutritional
status. Our findings offer valuable insights into the
relationship between nutritional factors and growth outcomes
in children diagnosed with IGHD.

Nutritional Factors and Growth Parameters

Our data indicated that nutritional deficiencies, including low
Hb, ferritin, vitamin B12, and 25-OH-D-vitamin levels, were
prevalent among the study participants. Despite these
deficiencies, statistical analyses showed no significant
differences in height SDS, height SDS at the end of the first
year, or growth velocity when categorized based on these
nutritional markers.
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This suggests that, within the context of this study, these
nutritional deficiencies might not have a significant direct
impact on growth outcomes in IGHD patients, or the sample
size might not have been sufficient to detect subtle effects.

In 1960, the potential link was explored firstly between
25(0OH)D; and GH functions. Their research on patients with
GHD undergoing rhGH revealed changes in calcium
metabolism similar to those induced by 25(OH)Ds.
Specifically. they observed increased calcium absorption in
the gut, elevated urinary calcium excretion, and reduced
urinary phosphorus excretion, all of which align with the
effects typically associated with vitamin D supplementation
(13). In recent years, numerous biological studies have delved
into the intricate biochemical interactions between 25(OH)Ds
and the GH/IGF-1 axis (14). Emerging evidence suggests that
25(0OH)D3 status may significantly influence the secretion of
IGF-1 and insiilin-like growth factor binding protein-3
(IGFBP-3) from the liver and modulate the expression of
IGF-1 receptors across various tissues (15, 16). A recent
prospective case—control study by Hamza et al. (17) further
highlights the prevalence of vitamin D insufficiency among
pediatric GHD patients. This study compared 50 prepubertal
children newly diagnosed with IGHD and the findings
revealed that 40% of the IGHD group had serum 25(OH)Djs
levels below 30 ng/mL, indicating insufficiency, while 44%
had levels below 20 ng/mL, marking a total of 84% with
vitamin D deficiency. In our study, individuals in the IGHD
population with 25(OH)D3 levels <20 ng/mL were classified
as having vitamin D deficiency, which was found at a rate of
44%, quite similar to previous findings. However, this study
uniquely demonstrated a correlation between 25(OH)Djs
levels and height expressed as SDS at diagnosis. Notably,
those with 25(0OH)Djs levels below 20 ng/mL were found to
have the lowest heights, underscoring the potential impact of
25(0OH)D3 status on growth outcomes according to their
findings (17).

Recent studies have shown that Hb levels are closely linked
to linear growth, with low Hb levels negatively impacting
growth and development, particularly during early childhood
(18-20). Additionally, a bidirectional relationship between Hb
and GHD is being discussed. Studies have reported low Hb
levels in children with GHD (21). On the other hand, growth
is affected in children with low Hb levels. Ciresi et al.
conducted a retrospective cohort study and found that the
percentage of anemic patients among children with GHD who
were treated with GH significantly decreased at the 3-year
follow-up, and Hb levels increased significantly in both
anemic and non-anemic children (22). GH promotes the
clonogenicity of peripheral blood erythroid progenitor cells
and enhances the cell cycle progression of hematopoietic
progenitor cells mediated by IGF-I (23, 24). Interestingly, a
study has shown a non-linear correlation between Hb levels
and peak GH responses in GH stimulation tests. The authors
emphasized that through threshold effect analysis, they
identified an inflection point of Hb at 123 g/L. If the Hb value
was below this inflection point, the correlation between Hb
and GH peaks was not statistically significant (25). In our
study, while no significant differences were found in height
parameters between children with low and normal Hb levels,
correlation analyses demonstrated a significant positive
correlation between Hb levels and growth rates during the
first year of treatment.
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Some studies have reported that vitamin B12 deficiency can
affect the IGF-1/GH axis and lead to the development of GH
resistance (26). However, another study found no change in
taurine levels within the IGF-1/GH axis in children with B12
deficiency, and no increase in levels was observed following
B12 therapy (27). There is limited research investigating the
monitoring of B12 levels during rhGH treatment and the
effect of B12 supplementation on growth velocity in GHD
patients.

One possible reason for the lack of significant differences in
growth outcomes despite prevalent nutritional deficiencies is
that rhGH therapy may have the capacity to compensate for
these deficiencies, leading to a favorable response from the
body despite other negative factors associated with GH
deficiency. However, since our study only includes a one-
year follow-up, it is challenging to draw definitive
conclusions about how the effectiveness of rhGH therapy
might be impacted by inadequate nutritional reserves over a
longer duration. Additionally, limitations in the measurement
of nutritional markers may also influence this situation. For
instance, serum levels may only reflect short-term nutritional
status, while the effects on growth could be more closely
related to long-term dietary habits. Consequently, the
inadequacies of current measurement methods can hinder a
broader evaluation of growth outcomes. These factors
indicate that a deeper investigation is necessary to understand
the impacts of nutritional deficiencies on growth.

Nutritional Supplementation

A notable finding was that 41% of the children were
receiving some form of nufritional supplementation (iron,
vitamin B12, vitamin D, or multivitamins). However, no
significant differences in growth parameters were observed
between those who received supplements and those who did
not. This lack of significant effect may suggest that the initial
supplementation doses were adequate or highlight the need
for more individualized nutritional interventions based on
specific requirements.

In a study that followed up for one year, it was reported that
nutritional supplementation had a significant positive impact
on height in short and lean prepubertal children, while it did
not alter BMI (28). Our study, which includes a population
with IGHD receiving rhGH therapy, complicates the isolation
of the effect of nutritional support on growth. This is due to
the interaction of several factors, including the severity of
GHD., genetic factors, family height potential, and bone age.
Therefore, assessing the isolated effect of nutritional support
on growth in this context is challenging.

Growth Response and Predictive Factors

Correlation analyses identified that initial height SDS, PAH,
PAH SDS, and MPH were significant factors influencing
height SDS at the end of the first year of treatment. Studies
also indicate that among the factors affecting growth rate
during the first year of treatment, the peak GH response in
stimulation tests and the severity of GHD are among the most
influential (29). These findings underscore the importance of
considering baseline growth metrics and familial height
potential when evaluating treatment responses.
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Additionally, the significant positive correlation between
growth rate and Hb levels, MPH, and MPH SDS highlights
the potential role of these factors in influencing growth
velocity, although causality cannot be definitively established
from correlation alone.

Limitations and Future Directions

This study has several limitations. Firstly, the relatively small
sample size is a constraint. Although the sample size of the
study is sufficient for statistical power analysis, the number of
cases in some subgroups is low (for example, the group with
low B12 levels, n=15), which reduces the statistical power of
the study. Secondly, there is a lack of longitudinal data
beyond the first year of treatment, including information on
nutritional status at the end of the first year. Thirdly, as the
study is retrospective and the data were obtained from
medical records, we do not have detailed information on the
exact dosage, duration, or adherence to the nutritional
supplementation. Lastly, due to the retrospective nature of the
study, important factors related to nutritional status, such as
dietary habits and sociodemographic characteristics, may not
have been recorded, and their potential effects remain
unknown. Future studies with larger sample sizes, prospective
nature and extended follow-up periods could provide more
comprehensive insights into the long-term effects of
nutritional supplementation on growth. Additionally,
investigating other potential influencing factors, such as
genetic markers and adherence to treatment protocols, as well
as gathering brief survey data on dietary habits and family
characteristics, could provide deeper insights into the growth
patterns of children with IGHD.

CONCLUSION

Nutritional deficiencies were common among IGHD patients;
there was no significant difference in terms of growth-related
metrics in the first year of the rhGH therapy in comparisons
between the groups with and without common nutritional
deficiencies. This finding underscores the resilience of
growth in the presence of these deficiencies. In contrast,
growth velocity correlated positively with Hb levels and
MPH, suggesting that these factors may play a significant role
in influencing growth. Further research with larger samples
and extended follow-up is needed to explore the long-term
impact of nutritional supplementation on growth in IGHD.
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