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Abstract: Growth hormone (GH) plays a key role in human growth and development. In addition to 
promoting height growth, GH affects bone metabolism, bone size, and bone mineral density (BMD) in 
children and adolescents by affecting bone formation and resorption. Among them, the effect of GH on 
spinal growth has been widely concerned. Scoliosis is a three-dimensional structural spinal deformity 
characterized by lateral curvature of one or more segments of the spine accompanied by vertebral rotation 
and sagittal imbalance. For children with growth hormone deficiency (GHD), whether GH supplementation 
leads to scoliosis is still controversial. In recent years, numerous scholars have conducted extensive research 
to investigate the correlation between recombinant human GH replacement therapy and scoliosis, yielding 
divergent findings with some even presenting contradictory results. This study aims to investigate the impact 
of GH on spinal growth and explore the association between recombinant human GH replacement therapy 
and scoliosis by comprehensively reviewing the effects of GH and insulin-like growth factors 1 (IGF-1) on 
bone metabolism, bone mass, as well as examining the consequences of GHD on bone health. Additionally, 
we aim to access the influence of recombinant human GH replacement therapy on adolescent idiopathic 
scoliosis (AIS).

Keywords: Growth hormone (GH); spinal growth; recombinant human growth hormone; insulin-like growth 

factors 1 (IGF-1)

Submitted May 10, 2024. Accepted for publication Sep 29, 2024. Published online Oct 28, 2024.

doi: 10.21037/tp-24-180

View this article at: https://dx.doi.org/10.21037/tp-24-180

1857

	
^ ORCID: 0000-0002-5734-4678.

https://crossmark.crossref.org/dialog/?doi=10.21037/tp-24-180


Luo et al. Recombinant human GH and scoliosis1850

© AME Publishing Company.   Transl Pediatr 2024;13(10):1849-1857 | https://dx.doi.org/10.21037/tp-24-180

Introduction

Human growth hormone (GH) is a peptide hormone 
secreted by the anterior pituitary gland, which can promote 
protein synthesis, promote growth of internal organs and 
bones, affect mineral and fat metabolism, and play a key role 
in human growth and development. It is one of the most 
important endocrine hormones in individual growth and 
development. In addition to promoting growth, GH can 
also affect bone metabolism, bone size, and bone density 
in children and adolescents by regulating bone formation 
and absorption. Among them, the effect of GH on spinal 
growth has been widely concerned. In children with growth 
hormone deficiency (GHD), GH replacement therapy 
can improve adult height and increase adult bone mineral 
density (BMD). However, for children treated with GH, 
it remains controversial whether GH supplementation can 
cause spinal growth disorders, spinal fractures, or scoliosis. 
This study aims to review the related literature, summarize 
the effects of GH on spinal growth and development, and 
investigate whether recombinant human GH can cause 
spinal fractures and scoliosis.

Effects of GH and insulin-like growth factors 1 
(IGF-1) on bone metabolism

GH is a single chain protein containing 191 amino acids, 
which is secreted by growth promoting cells in the anterior 
pituitary in a pulsating manner (1,2). GH mainly acts on 
its specific GH receptors or induces IGF-1, the synthesis 
of IGF-1 and insulin-like growth factor binding protein 
3 (IGFBP-3) plays a role (3) in ultimately promoting 
growth metabolism (4). The effect of GH-IGF-1 axis on 
epiphyseal plates has been extensively studied, and it has a 
pleiotropic effect on bone, affecting bone formation and 
bone resorption (5). Both GH and IGF-1 receptor can exist 
in bone (6), the interaction of GH with IGF-1 in regulating 
somatic cell growth has been studied for many years in 
different models (7). The results show that mice disrupting 
the genes regulating IGF-1 deletion resulted in significant 
intrauterine growth retardation. The IGF-1 mainly 
affects the proliferation and hypertrophy of chondrocytes. 
However, GH has dual effects on the proliferation 
and hypertrophy and generation of chondrocytes (8).  
In vitro, GH exerts a direct stimulatory effect on osteoblast 
differentiation and proliferation, as well as chondrocyte pre-
proliferation (9-11). In addition to the direct effects of GH, 
the endocrine IGF-1 secreted by the liver into the systemic 

circulation and the locally synthesized paracrine IGF-
1 are also closely related to bone metabolism. The IGF-
1 hormone stimulates the proliferation of osteoblasts and 
enhances bone formation, while also mitigating osteoblast 
apoptosis and facilitating chondrocyte differentiation (12).  
According to data obtained from animal models, mice 
deficient in the GH receptor and IGF-1 gene had a greater 
reduction in bone length than mice deficient in both 
genes alone, suggesting that both GH and IGF-1 play an 
important role in bone biology (13). GH also regulates 
the secretion of parathyroid hormone (PTH) in the whole 
body, activated osteoblasts through the PTH/PTH-related 
protein receptor (14), and it has the potential to enhance 
hematopoiesis by activating the IGF system (IGF-2,  
IGFBP-1, IGFBP-2, and IGFBP-3) and hematopoietic 
growth factors [granulocyte colony-stimulating factor 
(G-CSF) and granulocyte-macrophage colony-stimulating 
factor (GM-CSF)] in osteoblasts (15). GH also induces 
phosphate retention and enhances the 1a hydroxylation of 
25-hydroxyvitamin D through direct renal effects, thereby 
facilitating the promotion of intestinal calcium absorption 
(16,17). In addition, thyroid hormone and estradiol can 
also stimulate the expression of IGF-1 in osteoblasts, while 
glucocorticoids can inhibit it (Figure 1).

Effects of GH and IGF-1 on bone mass

In Sim’s animal studies, mice with GH receptor knockout 
had reduced cortical bone but retained trabecular bone 
mass (18). Some mouse studies involving specific deletion of 
IGF-1 gene have confirmed that the cortical bone mass of 
these mice is also reduced (19,20), indicating that GH and 
circulating IGF-1 also play an important role in regulating 
cortical bone mass. Conversely, transgenic overexpression 
of IGF-1 in osteoblasts results in augmented trabecular 
volume, whereas targeted deletion of the IGF-1 gene in 
osteoblasts leads to diminished trabecular volume and 
mineralization, indicating a pivotal role for paracrine IGF-1 
in regulating trabecular bone mass (21,22).

Effects of GHD on human bone and spine

Effects of GHD on bone

GH is an important systemic regulator of longitudinal 
bone growth in childhood. In addition to the clear role 
of GH in promoting linear growth, both GH and IGF-1 
affect bone turnover, bone size, and BMD in childhood and 
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adolescence (23). GH also plays a major role in peak bone 
mass accumulation and bone preservation in children and 
adolescents (24-26). Bouillon’s study showed that GHD 
patients who did not receive GH treatment in childhood 
showed significant decrease in adult height but with 
retained trabecular bone mineral content (BMC). Localized 
BMD also decreased significantly (27). However, Fors et al.  
reported that GHD patients treated with GH during 
childhood had normal bulk BMD. Levels of biochemical 
markers of bone formation were lower in the GH-deficient 
group than in the GH-adequate and healthy controls. After 
GH therapy was discontinued in adolescents treated with 
GH to final height or near final height, the BMC and BMD 
of adolescents in the GHD group and GH adequate group 
continued to increase (28).

In adults with GHD, low bone mass is considered to 
be a feature of the disease, and osteopenia is an important 
surrogate indicator of fracture risk in clinical practice. 
A retrospective study by Mukherjee et al. has shown 
an increased incidence of fracture in untreated adults 
with GHD (29). A study has shown that bone turnover 
in GHD patients caused by adult hypopituitarism is 
decreased according to the results of bone biomarker and 
histopathologic data analysis (30). Shalet et al. designed a 
2-year, multicenter prospective study to evaluate the optimal 
GH replacement dose in young adults with childhood onset 
GHD. In this study, 128 patients were randomly assigned to 
receive an adult dose of GH replacement (12.5 Ig/kg/day),  
a child dose of GH replacement (25 Ig/kg/day), or no 
treatment at all. After 1 year, bone turnover markers 
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Figure 1 Effects of growth hormone and IGF-1 on bone metabolism, in addition to the clear role of GH in promoting linear growth, both 
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were significantly reduced in the untreated group and 
significantly increased in the treated group, and after 2 years,  
total BMC was significantly higher in the treated group 
without a significant dose effect, suggesting that the adult 
dose regimen is ideal for sustained bone mass accumulation 
after linear growth is complete. If GH therapy is terminated 
after reaching a lifetime high in adulthood, it may eventually 
lead to lower BMD in adulthood as the bone remodeling 
cycle progresses in the absence of GH (31).

Effects of GH on spinal growth

GH is not only associated with reduced growth rate, but 
also plays an important role in bone mass acquisition in 
children and adolescents. GHD can lead to a decrease in 
peripheral and axial BMD (32). Holmes et al. reported in 
their study that the median BMD z score in the lumbar 
spine and forearm of adult GHD patients was significantly 
lower (33). A cross-sectional study by Mazziotti et al. 
suggests that untreated GHD may lead to an increased 
risk of spinal radiological malformations in adult patients, 
and that recombinant human GH (rhGH) therapy may be 
effective in reducing this risk (34). A study by Baroncelli 
et al. showed that treated GHD adolescents had increased 
lumbar BMD area and lumbar BMD volume after reaching 
their final height and stopping GH therapy, but compared 
to the control group, They delayed the time and reduced 
the mean value of the lumbar peak BMD (pBMD) area and 
the lumbar pBMD volume, suggesting that GH plays a role 
in obtaining lumbar BMD after the final height of GHD 
patients, suggesting that GH therapy should be continued 
until lumbar pBMD is achieved (35).

Effect of rhGH replacement therapy on 
adolescent idiopathic scoliosis (AIS)

Scoliosis is a three-dimensional structural spinal deformity 
characterized by lateral curvature of one or more segments 
of the spine accompanied by vertebral rotation and sagittal 
imbalance. AIS is the most common form of scoliosis. 
According to epidemiological studies, 1–2% of adolescents 
suffer from AIS (36). AIS has a significantly increased 
probability of scoliosis in adolescence (10–15 years old), 
which is related to the rapid growth rate during the peak 
growth period of adolescence (37,38). Scoliosis not only 
has a huge physical impact on patients, it can also cause 
psychological problems and seriously reduce quality of life.

At present, the etiology of scoliosis has not been fully 

elucidated, but growth state, genetic abnormality, hormone 
imbalance, neuromuscular development abnormality, 
etc., are widely believed to be related to the occurrence of 
scoliosis (39). GH plays a key role in human growth and 
development, and rhGH has been widely used clinically 
to treat GHD and idiopathic short stature (ISS) (40). 
However, in the process of rhGH treatment, it has been 
found that it has an impact on bone, endocrine, glucose 
and lipid metabolism, fluid retention and secondary tumor, 
etc. (41,42). Some studies have shown that rhGH causes 
rapid bone growth, which may lead to scoliosis (43,44). 
Long-term use of rhGH may increase the degree of 
scoliosis in children with scoliosis at baseline, with clinical 
manifestations of aggravation of scoliosis deformity and 
significant changes in appearance, as well as imaging 
manifestations of increased Cobb Angle or increased parietal 
translation (45). However, with the deepening of research 
and the increase of clinical statistics, some scholars have 
found that rhGH treatment only leads to the progression of 
scoliosis, but does not lead to an increase in the incidence 
of scoliosis (46-48). But this conclusion is still controversial. 
Recently, Park et al. conducted a comprehensive analysis 
on 1,128 patients with ISS. The study revealed that the 
incidence of new scoliosis during GH treatment was found 
to be 3.7%, which is comparable to the prevalence observed 
in the general population. Furthermore, no significant 
association between the development of scoliosis and either 
the type or duration of rhGH treatment was identified in 
this investigation (49). 

In order to explore the relationship between idiopathic 
scoliosis and GH therapy in children with short stature, 
scholars Mijin Park et al. observed subjects diagnosed 
with short stature and receiving GH therapy for at least 
1 year and found that after GH therapy, Height, standard 
deviation score of height, IGF-1 and IGFBP-3 (P<0.001) 
were significantly increased. However, there was no 
significant difference in mean Cobb angle and incidence of 
scoliosis before and after 1 year of treatment. The findings 
suggest that although GH treatment increases height and 
growth rate, it is not associated with the development 
or exacerbation of idiopathic scoliosis (50). Hong et al. 
conducted a cross-sectional and retrospective cohort study 
to investigate the radiological prevalence of scoliosis in 
children with ISS, as well as the impact of GH therapy. The 
results suggest that the risk of scoliosis development in ISS 
children is higher than that in control group. In children 
with ISS and without pre-existing scoliosis, treatment with 
GH significantly augmented the susceptibility to scoliosis 
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development and necessitated orthotic intervention. In 
patients with idiopathic dwarf and scoliosis at baseline, GH 
therapy does not increase the risk of scoliosis progression, 
the need for a brace, or surgery (51). Some scholars 
evaluated short stature patients [GHD, small for gestational 
age (SGA), ISS and Turner syndrome (TS)] for up to 3 years,  
and found that the height standard deviation score 
(HtSDS) increase was higher in children with GHD. No 
harmful side effects requiring discontinuation of treatment 
were observed in the majority of children during the 
observation period (52). The research by Al Shaikh et al.  
shows that among 73 children with GHD, ISS, short 
stature homeobox-containing (SHOX) gene mutation, 
and SGA who received GH treatment, their height was 
significantly improved, and the treatment was relatively 
safe (53). Grootjen et al. (54) also reported that 8 years of 
GH therapy did not demonstrate any deleterious effects 
on the prevalence and severity of scoliosis in children with 
Prader-Willi syndrome (PWS) prior to reaching 11 years 
old. A survey by van Bosse et al. (55) on PWS showed that 
for every month of delay in the start of GH treatment in 
children with PWS, the risk of needing scoliosis surgery 
increased by 0.7%. According to the study of Murakami 
et al., scoliosis did not occur in PWS children without 
scoliosis after GH treatment, which may be related to the 

improvement of paravertebral muscular dysplasia in PWS 
children with GH treatment (56). The research findings by 
Nakamura et al. (57) indicate that there was no statistically 
significant difference in the prevalence of scoliosis between 
PWS patients treated with GH and those not receiving 
raw GH treatment. However, it was observed that GH 
administration significantly enhanced lumbar bone density 
(Z score) in individuals with PWS. For PWS patients, 
GH therapy may be an effective treatment to reduce the 
incidence of osteoporotic fractures in PWS patients. Early 
treatment with GH is necessary.

Conclusions

GH is essential for normal growth during childhood 
and adolescence. For children with GHD, whether GH 
supplementation can cause spinal growth disorders, spinal 
fractures, or scoliosis remains controversial (Table 1). 
Overall, the question of whether rhGH use causes scoliosis 
remains unclear, which requires more comparative studies 
with larger cohorts of long-term follow-up. In the process 
of GH treatment, it is recommended to strengthen safety 
monitoring, the changes in the spine should be strictly 
evaluated and monitored by professional doctors, and 
attention should also be paid to regular review, which helps 

Table 1 Research on rhGH therapy and scoliosis

Author Year Findings

Ziv-Baran et al. (43) 2023 rhGH treatment was associated with an increased risk to be diagnosed with adolescent scoliosis in males. 
Scoliosis development should be monitored appropriately in rhGH recipients

Griffero González  
et al. (52)

2024 Significant increased height in children with GHD, ISS, SHOX mutation and SGA, highlighting the importance 
of early treatment of GHD and ISS, and the treatment was relatively safe

Al Shaikh et al. (53) 2020 Children with GHD, SGA, ISS and TS exhibited significant increases in HtSDS when treated with rhGH for  
3 years. The HtSDS gain was higher in children with GHD compared to other groups

Hong et al. (51) 2023 The controllability of scoliosis in children with idiopathic short stature following treatment with growth 
hormone was deemed manageable. However, meticulous attention should be given by physicians to the 
evaluation of spinal curves in these individuals

Park et al. (50) 2022 Although GH treatment in short children increased height and growth velocity, it was not associated with 
development or aggravation of idiopathic scoliosis

Park et al. (49) 2021 De novo scoliosis developed in 3.7% of patients, while scoliosis progressed in 16.4% during rhGH treatment. 
However, neither the types nor duration of rhGH treatment had a significant impact on scoliosis development 
or progression in patients with ISS

Grootjen et al. (54) 2021 Eight years of GH treatment has no adverse effect on the prevalence and severity of scoliosis in children with 
PWS until 11 years of age. As BMADLS SDS is inversely associated with Cobb angle, it is pivotal to optimize 
the BMD status in children with PWS

Table 1 (continued)
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Table 1 (continued)

Author Year Findings

Maghnie et al. (44) 2022 Data from KIGS, the largest and longest-running international database of children treated with rhGH, 
demonstrate the safety profile of rhGH and its efficacy in promoting short-term height gain as well as adult 
height improvement across both GHD and non-GHD conditions

Yun et al. (46) 2017 The radiographic examination revealed that growth hormone therapy for idiopathic short stature had an 
impact on the progression of scoliosis Cobb angle and apical vertebral translation in the coronal plane

Danowitz et al. (40) 2022 GH therapy is expensive, pediatric population almost tripled from 2001–2016 over the past 35 years. 
Treatment efficacy in such conditions is variable and generally less than in patients with GHD, and 
unresolved safety concerns require on-going scrutiny

Di Felice et al. (37) 2018 During growth, idiopathic scoliosis tends to progress in a high percentage of cases. The progression rate 
varies according to the age at diagnosis, with infantile scoliosis being the most unpredictable

Divall et al. (41) 2013 rhGH therapy has had an exemplary track record of safety and efficacy. Practitioners who prescribe rhGH be 
provided with solid data regarding the long-term safety issues and patients be adequately informed of the 
benefits and risks related to therapy

van Bosse et al. (55) 2020 Childhood risk is 70% or higher until skeletal maturity, exhibiting a bimodal age distribution with one peak 
occurring before the age of 4 and another approaching adolescence. A comprehensive comprehension of 
the risks associated with surgical intervention in pediatric patients diagnosed with PWS is crucial and will be 
thoroughly discussed

Yakar et al. (20) 2002 Normal postnatal growth and development in these animals may be due to normal free IGF-1 levels (from as 
yet unidentified sources), although the role of autocrine/paracrine IGF-I has yet to be determined

Murakami et al. (56) 2012 Total paravertebral muscle area and prolonged asymmetry were identified as potential prognostic indicators 
for progressive scoliosis in patients with Prader-Willi syndrome undergoing growth hormone therapy

Nakamura et al. (57) 2014 Among patients with PWS, 61.5 % had low BMDs. GH administration significantly improved the lumbar 
BMD. There were no statistically significant differences in the prevalence of scoliosis among patients who 
received GH treatment compared to patients who did not

rhGH, recombinant human growth hormone; GHD, growth hormone deficiency, ISS, idiopathic short stature, SHOX, short stature 
homeobox-containing gene; SGA, small for gestational age; TS, Turner syndrome; HtSDS, height standard deviation score; PWS, Prader-
Willi syndrome; IGF-1, insulin-like growth factors 1; BMADLS, bone mineral apparent density of lumbar spine; SDS, standard deviation 
score; BMD, bone mineral density; KIGS, The Kabi/Pfizer International Growth Database.

doctors adjust the treatment plan according to the problems 
in the treatment.
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