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Abstract
Purpose: To study the effectiveness and clinical significance of recombinant human growth hormone (rhGH) in combination with vitamin D in the treatment of idiopathic short-stature children.
Methods: A total of 90 idiopathic short-stature children admitted at Children Health Care Center of
Shiyan Maternal and Child Health Care Hospital, Shiyan between March 2017 and March 2020 were
assigned to three groups: A, B and C, based on dose of r-hGH given. Group A received r-hGH at a dose
of 0.26 mg/kg/week, while groups B and C received r-hGH at doses of 0.35 and .0.42 mg/kg/week,
respectively. All the patients were given vitamin D along with the r-hGH doses administered. Height,
growth rate, bone age, height standard deviation score, fasting blood glucose, thyroid function and
treatment effectiveness were determined and compared among the three groups before treatment, and
one year after treatment.
Results: Significantly higher height standard deviation score, growth rate, bone age, and height were
observed in the three groups of patients after one year of treatment than before treatment, with group A
< group B < group C (p < 0.05). Fasting blood glucose and thyroid function were not significantly
different amongst the three groups after treatment (p < 0.05). Group C showed the highest treatment
effectiveness, followed by group B, and then group A (p < 0.05).
Conclusion: The use of a combination of r-hGH and vitamin D produces a favorable treatment
effectiveness in idiopathic short-stature children. However, further clinical trials are required to validate
this treatment strategy.
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INTRODUCTION
Children with idiopathic short stature have
heights and weights similar to those of normal
babies at birth, but their growth rates, heights,
and bone age become considerably lower than

those of their peers of the same gender in the
course of growth and development [1-3]. Slow
growth rate in children in the absence of
congenital, endocrine, chromosomal and genetic
factors, is considered idiopathic short stature.
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However, some studies suggest that idiopathic
short stature is related to the secretion of growth
hormones [4-6]. Therefore, recombinant human
growth hormone (r-hGH) remains the mainstay
for idiopathic short-stature treatment, due to its
similarity to human growth hormone, with respect
to amino acid contents and protein structure. As
a result, it is widely used in diseases triggered by
insufficient secretion of growth hormone. Their
growth rate increases after application of r-hGH
and the patients may suffer from knee and joint
pain. It is known that vitamin D promotes growth
and
development,
protects
the
normal
development of bones, and maintains balance in
bone and muscle development [7-9]. The present
research was designed to study the effectiveness
of using different doses of r-hGH in combination
with vitamin D for treating idiopathic short stature
in children.

METHODS
General information on patients
A total of 90 idiopathic short stature children
hospitalized between March 2017 and March
2020 were divided into groups A, B and C based
on the doses of r-hGH administered. Group A
consisted of 17 males and 13 females aged 3 12 years, with a mean age of 8.22 ± 1.38 years.
Group B consisted of 15 males and 15 females,
and aged 3 - 12 years, with a mean age of
8.31±1.40 years. Group C comprised 16 males
and 14 females, and aged 3 to 13 years old
(mean age = 8.29 ± 1.35 years). The three
groups of patients presented similar values in
gender and age (p > 0.05).
Inclusion/exclusion criteria
Inclusion criteria
Patients as per the following were assessed as
eligible: (1) those who met the diagnostic criteria
for children with idiopathic short stature, with
height and standard deviations lower than that of
children of the same age and sex; (2) patients
not older than 14 years; (3) patients whose
heights and weights at birth were similar to those
of healthy children of the same sex and age, and
(4) those with no history of family or genetic
disease.
Exclusion criteria
The following categories of patients were
excluded:
(1)
those
with
chromosomal
abnormalities and congenital malformations; (2)
patients with abnormal thyroid function, and (3)
those with abnormal liver and kidney functions.

This study was authorized by ethics committee of
Children Health Care Center of Shiyan Maternal
and Child Health Care Hospital, and patients and
their family members voluntarily signed informed
consent form prior to the enrollment.
Furthermore, the study followed international
guidelines for human studies
Recombinant human growth hormone (r-hGH)
administration
Patients in group A received r-hGH at a dose of
0.26 mg/kg/week in combination with vitamin D.
Patients in group B were given r-hGH at a dose
of 0.35 mg/kg/week in combination with vitamin
D. In group C, the patients received r-hGH at a
dose of 0.41 mg/kg/week, also in combination
with vitamin D. The r-hGH (Changchun Jinsai
Pharmaceutical Co. Ltd.; SFDA approval
number: S20050024) was administered via
subcutaneous injection. It was evenly drawn with
a hypodermic syringe, and injected at 3 cm
around the umbilical cord and the arm or thigh,
every night before going to bed [10-12]. Vitamin
D (Qingdao Shuangjing Pharmaceutical Co. Ltd.;
SFDA approval number: H20113033) was given
orally for 1 to 2 years, and a physical
examination was performed every 3 months.
Evaluation of parameters
Changes in height as well as growth rate, bone
age, height standard deviation score, fasting
blood glucose index, thyroid function and
treatment effectiveness were determined before
and after treatment in the three groups.
Fasting blood glucose levels of 3.9 - 6.1 mmol/L
were considered normal.
Thyroid function tests involved assays for
thyroid-stimulating
hormone
(TSH),
triiodothyronine (T3), thyroxine (T4), free
triiodothyronine (FT3) and free tetraiodothyronine
(FT4) [13-15].
Statistical analysis
Measurement data are presented as mean ±
standard deviation (SD), and were processed
using Student’s t-test. Enumeration data are
expressed as numbers and percentages [n (%)],
and were verified using chi squared (x2) test. All
statistical analyses were done using SPSS
version 20.0 software. GraphPad Prism 7
(GraphPad Software, San Diego, USA) was used
to visualize graphics. The statistical differences
were set at p ≤ 0.05.

Trop J Pharm Res, February 2022; 21(2): 382

Mei et al

RESULTS

and after treatment; cp < 0.001, group C before
and after treatment.

Height standard deviation score, growth rate,
bone age, and height before and after
treatment
Significantly increased height standard deviation
score, growth rate, bone age, and height in the
three groups of patients one year after treatment
were observed than the corresponding values
before treatment, with group A < group B < group
C (p < 0.05). These results are presented in
Figure 1, Figure 2, Figure 3 and Figure 4.
The mean height of patients in group A before
treatment was 113.26 ± 10.70 cm, while the
corresponding value after treatment for one year
was 124.37 ± 11.06 cm. For group B, the mean
height of patients before treatment was 112.96 ±
10.72 cm, and their mean height after treatment
for one year was 132.51 ± 12.13 cm. The mean
height of group C patients before treatment was
113.58 ± 10.69 cm, while their mean height after
treatment for one year was 139.70 ± 12.25 cm. *
P = 0.009, group A vs group B after one year of
treatment; **p = 0.03, group C vs group B after
one year of treatment; ap < 0.001, group A before
treatment vs group A after treatment; bp < 0.001,
group B before and after treatment; cp < 0.001,
group C before and after treatment.

Figure 1: Mean heights of patients in the three groups
before and after treatment

The growth rate of group A before treatment was
5.80 ± 0.19 cm/year, while the growth rate after
treatment for one year was 7.43 ± 0.57 cm/year.
The growth rate of group B before treatment was
5.86 ± 0.20 cm/year, while the growth rate after
one year of treatment was 9.38 ± 0.84 cm/year.
The growth rate of group C before treatment was
5.79 ± 0.22 cm/year, while the growth rate after
one year of treatment was 13.36 ± 1.00 cm/year.
*
P < 0.001, group A vs group B after one year of
treatment; **p = 0.001, group C vs group B after
one year of treatment; ap < 0.001, group A before
and after treatment; bp < 0.001, group B before

Figure 2: Comparison of the growth rate of the three
groups before and after treatment

The bone age of group A was 7.21 ± 1.04 years
before treatment, but after one year of treatment,
the bone age was 9.12 ± 1.38 years. In group B,
the bone age before treatment was 7.13 ± 1.02
years, but the bone age after one year of
treatment was 10.89 ± 1.46 years. In group C,
the bone age before treatment was 7.20 ± 1.03
years, but after one year of treatment, the bone
age was 12.00 ± 1.58 years.

Figure 3: Comparison of bone age before and after
treatment in the three groups. *P < 0.001, group A vs
group B after one year of treatment; **p = 0.001, group
C vs group B after one year of treatment; ap < 0.001,
group A before and after treatment; bp < 0.001, group
B before and after treatment; cp < 0.001, group C
before and after treatment.

The height standard deviation score before
treatment in group A was 113.05 ± 9.33 cm,
while the standard deviation of height after
treatment for one year was 121.07 ± 10.00 cm. In
group B, the height standard deviation score
before treatment was 113.28 ± 9.86 cm, but after
one year of treatment, the standard deviation of
height was 126.39 ± 10.24 cm. The height
standard deviation score before treatment in
group C was 113.57 ± 9.55 cm, while the
standard deviation of height after treatment for
Trop J Pharm Res, February 2022; 21(2): 383
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one year was 135.51 ± 10.64 cm. *P < 0.04,
group A vs group B after one year of treatment;
**p = 0.001, group C vs group B after one year of
treatment; ap < 0.002, group A before and after
treatment; bp < 0.001, group B before and after
treatment; cp < 0.001, group C before and after
treatment.

Figure 4: Comparison of height standard deviation
score before and after treatment amongst the three
groups

Fasting blood glucose and thyroid function
Post-treatment values of fasting blood glucose
and thyroid function in the three groups were
comparable, although the mean fasting blood
glucose level of patients in group C was slightly
higher than those of patients in groups A and B
after one year of treatment (p > 0.05). These
results are shown in Figure 5 and Table 1.

Figure 5: Comparison of fasting blood glucose levels
amongst the three groups. The fasting blood glucose
levels in groups A, B and C were 4.86 ± 1.11, 5.09 ±
1.10 and 5.17 ± 1.12 mmol/L, respectively. *P = 0.42,
group A vs group B; **p = 0.78, group B vs group C

Therapeutic effectiveness
As shown in Figure 6, treatment effectiveness
was highest in group C patients, followed by
those in group B, and then group A (p < 0.05).

Figure 6: Comparison of treatment effectiveness
amongst the 3 groups. A: treatment effectiveness in
group A, in which there were 2 markedly effective
cases, 9 effective cases, and 19 ineffective cases,
resulting in total effectiveness of 37 %. B: treatment
effectiveness in group B, showing 10 markedly
effective cases, 11 effective cases and 9 ineffective
cases, giving a total effectiveness of 70 %. C: Total
effectiveness was 93 %, arising from 20 markedly
effective cases, 8 effective cases, and 2 ineffective
cases. *P = 0.01, group A vs group B; **p = 0.02,
group B vs group C

DISCUSSION
Idiopathic short stature, a relatively common
disease in children, impairs the physique of the
patient, and may give rise to unhealthy mentality
such as inferiority complex and lack of selfconfidence [16]. At present, the pathogenesis of
idiopathic short stature is poorly understood, and
the specific factors that influence it are not fully
identified yet. However, several reports have
suggested that the pathogenesis of idiopathic
short stature is related to insufficient secretion of
growth hormone in patients [19]. Growth
hormone is essential for the normal growth and
development of the human body, and it promotes
the normal growth of bones and muscles.

Table 1: Comparison of thyroid function amongst the three groups
Group

TSH (μIU/mL)

A
B
C
t
P-value

2.59±0.48*
2.58±0.51*#
2.60±0.50#
0.08*/0.15#
0.94*/0.88#

T3
(nmol/L)
2.27±0.55*
2.30±0.54*#
2.31±0.55#
0.21*/0.07#
0.83*/0.94#

T4
(nmol/L)
100.37±10.34*
101.28±10.55*#
100.89±10.49#
0.34*/0.14#
0.74*/0.89#

FT3 (pmol/L)

FT4 (pmol/L)

5.74±0.88*
5.76±0.87*#
5.75±0.85#
0.09*/0.05#
0.93*/0.96#

18.66±1.20*
18.84±1.19*#
18.73±1.20#
0.58*/0.36#
0.56*/0.72#
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Insufficient secretion of growth hormone leads
to ateliosis and growth retardation. Therefore, in
clinical practice, r-hGH is universally used as the
main therapeutic drug for patients with idiopathic
short stature. In addition, vitamin D plays a
pivotal role in protecting the bones and reducing
growth related pains in patients [22].
This study showed that changes in height, as
well as bone age, height standard deviation
score and growth rate of patients treated with rhGH at a dose of 0.41 mg/kg/week were
significantly superior to those of patients treated
with r-hGH at doses of 0.26 and 0.35
mg/kg/week. The effects of r-hGH are identical to
those of human growth hormone due to their
similarities in protein structure and amino acid
sequence.

Open Access
This is an Open Access article that uses a
funding model which does not charge readers or
their institutions for access and distributed under
the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/
4.0) and the Budapest Open Access Initiative
(http://www.budapestopenaccessinitiative.org/rea
d), which permit unrestricted use, distribution,
and reproduction in any medium, provided the
original work is properly credited.

REFERENCES
1. Turner-Bowker DM, Yaworsky A, Palladino A, Lamoureux
RE, Kelly M, Love E, Pleil AM, Shields A, Loftus J.
Development and Psychometric Evaluation of the Life

Therefore, r-hGH promotes bone development
and enhances stable growth. After treatment, the
fasting blood glucose and thyroid function of the
patients were homogenous among the three
groups, but the fasting blood glucose level of
group C treated with the largest dose of r-hGH
was slightly higher than that of each of the other
two groups.
Moreover, the fasting blood glucose of group B
patients (given moderate dose of r-hGH) was
slightly higher than that of group A, suggesting
that r-hGH exerts an effect on blood glucose
levels within a safe range. A study has shown
that different doses of r-hGH produced different
effects on patients with idiopathic short stature,
with the largest doses of r-hGH generating the
most promising effect [24].

CONCLUSION
This study demonstrates that the combination of
r-hGH and vitamin D produces a good treatment
effectiveness in idiopathic short-stature children.
The most beneficial effect is obtained at r-hGH
dose of 0.41 mg/kg/week in combination with
vitamin D.

Interference

Questionnaire

for

Growth

Hormone

Deficiency (LIQ-GHD) to Assess Growth Hormone
Injection Burden in Children and Adults. Patient 2020;
13(3): 289-306.
2. Kaltsatou A, Notley SR, Kenny GP. Effects of exerciseheat

stress

on

circulating

stress

hormones

and

interleukin-6 in young and older men. Temperature
(Austin) 2020; 7(4): 389-393.
3. Barrera-Saldaña HA. Origin of personalized medicine in
pioneering, passionate, genomic research. Genomics
2020; 112(1): 721-728.
4. Cachemaille A, Warren SE, Moss S. A pen device for
injection of recombinant human growth hormone: A
European usability engineering study. Expert Opin Drug
Deliv 2020; 17(7): 1041-1048.
5. Zhao SS, Zhao XY, Wu CB, Zheng GD, Zou SM.
Identification of duplicated suppressor of cytokine
signaling 3 (SOCS3) genes in blunt snout bream
(Megalobrama amblycephala). Comp Biochem Physiol
B Biochem Mol Biol 2020; 239: 110348.
6. Czepielewski MA, Garret Q, Vencio SAC, Rassi N, Felicio
JS, Faria MS, Senn CCP, Bronstein MD, Cerqueira
MJAG, Neves ACL, et al. Efficacy and safety of a
biosimilar recombinant human growth hormone (r-hGH
Cristalia) compared with reference r-hGH in children
with growth hormone deficiency (CERES study): A
randomized, multicentric, investigator-blind, phase 3

DECLARATIONS

trial. Growth Horm IGF Res 2019; 48-49: 29-35.
7. Miller GD, Cox HD, Nair V, Eichner D. Anti-doping

Conflict of Interest

analytes in serum: A comparison of SST and SST-II
Advance blood collection tubes. Drug Test Anal 2019;

No conflict of interest associated with this work.

11(7): 931-936.
8. De Leonibus C, Murray P, Garner T, Hanson D, Clayton

Contribution of Authors

P, Stevens A. The in vitro functional analysis of singlenucleotide

The authors declare that this work was done by
the authors named in this article and all liabilities
pertaining to claims relating to the content of this
article will be borne by them.

polymorphisms

associated

with

growth

hormone (GH) response in children with GH deficiency.
Pharmacogenomics J 2019; 19(2): 200-210.
9. Long S, Wang G, Shen M, Zhao N, Wan H, Xu Y, Wang
S, Wang C, Gao J, Hao Y, et al. dTMP-GH Fusion
Protein Therapy Improves Survival after Radiation Injury

Trop J Pharm Res, February 2022; 21(2): 385

Mei et al

Combined with Skin-Burn Trauma in Mice. Radiat Res
10. Amin R, Stanojevic S, Kane M, Webster H, Ratjen F. A
randomized

controlled

Growth Hormone Deficiency Treated in Childhood. Isr
Med Assoc J 2019; 21(3): 189-193.

2019; 191(4): 360-368.
trial

to

evaluate the lung

clearance index as an outcome measure for early phase
studies in patients with cystic fibrosis. Respir Med 2016;

15. Parikh V, Gupta P. Thermodynamic analysis of r-hGHpolymer surface Interaction using isothermal titration
calorimetry. Growth Horm IGF Res 2018; 42-43: 86-93.
16. Shah VR, Gupta PK. Structural Stability of Recombinant
Human Growth Hormone (r-hGH) as a Function of

112: 59-64.
11. Millard-Stafford M, Snow TK, Jones ML, Suh H. The
Beverage Hydration Index: Influence of Electrolytes,
Carbohydrate and Protein. Nutrients 2021; 13(9): 2933.
12. Liu Y, Zheng T, Lv W, Chen L, Zhao B, Jiang X, Ye L, Qu

Polymer Surface Properties. Pharm Res 2018; 35(5):
98.
17. Johannsson G, Nespithal K, Plöckinger U, Alam V,
McLean M. Multi-centre phase IV trial to investigate the

L, Zhao L, Zhang Y, et al. Ambulatory Surgery Protocol

immunogenicity

for

Pituitary

recombinant human growth hormone in adults with

Adenomas: A Prospective Single-arm Trial with Initial

growth hormone deficiency. J Endocrinol Invest 2018;

Endoscopic

Endonasal

Resection

of

Implementation Experience. Sci Rep 2020; 10(1): 9755.

of

a

new

liquid

formulation

of

41(8): 919-927.

13. Liu HG, Yang XR, Zhang XH, Jia X. Association between

18. Portillo-Sanchez P, Bril F, Lomonaco R, Barb D, Orsak B,

vitamin D and systemic lupus erythematosus disease

Bruder JM, Cusi K. Effect of pioglitazone on bone

activity index in children and adolescents: A systematic

mineral

review and meta-analysis. Trop J Pharm Res 2019; 18:

steatohepatitis: A 36-month clinical trial. J Diabetes

234-237.

2019; 11(3): 223-231.

density

in

patients

with

nonalcoholic

14. Ben-Nun Yaari E, Kauli R, Lilos P, Laron Z. Health and
Lifestyle of Adult Patients with Congenital Isolated

Trop J Pharm Res, February 2022; 21(2): 386

