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ABSTRACT

KEY WORDS

In recent years, growth hormone and insulin-like growth factors have become key
regulators of bone metabolism and remodeling, crucial for maintaining healthy bone mass
throughout life. Studies have shown that adult growth hormone deficiency leads to
alterations in bone remodeling, significantly affecting bone microarchitecture and
increasing fracture risk. Although recombinant human growth hormone replacement
therapy can mitigate these adverse effects, improving bone density, and reduce fracture
risk, its effectiveness in treating osteoporosis, especially in adults with established growth
hormone deficiency, seems limited. Bisphosphonates inhibit bone resorption by targeting
farnesyl pyrophosphate synthase in osteoclasts, and clinical trials have confirmed their
efficacy in improving osteoporosis. Therefore, for adult growth hormone deficiency
patients with osteoporosis, the use of bisphosphonates alongside growth hormone

replacement therapy is recommended.
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Growth hormone deficiency (GHD) in adults often
results from various organic pituitary disorders that arise
during adulthood. These include pituitary tumors,
radiation therapy, traumatic brain injury, surgical
interventions, and subarachnoid
Additionally, GHD might persist from childhood into

adulthood. In adults, GHD manifests as reduced growth

hemorrhage.

hormone (GH) production and secretion, leading to
either complete or partial GH insufficiency. This
condition triggers multiple metabolic disturbances,
notably in bone metabolism'". A critical consequence of
adult GHD is the marked reduction in bone mineral
density (BMD), a key measure of bone strength and
health. This reduction substantially elevates fracture risk
in affected individuals. The GH-insulin-like growth
factor 1 (IGF1) axis plays a vital role in maintaining
skeletal physiological balance, influencing bone growth
and maturation during adolescence and sustaining bone
mass in adulthood™. It is crucial for bone remodeling
and metabolism™. GH, secreted by the pituitary gland,
promotes IGF1 synthesis in the liver and other tissues.
IGF1’s systemic and local actions, along with the
autocrine and paracrine functions of osteocyte-produced
IGF binding proteins (IGFBP), contribute to the GH-
IGF1 axis’s complex impact on bone. This intricacy is
evident in the axis’s comprehensive effect on bone
health. Individuals with GHD often experience reduced
BMD and bone mineral content (BMC)", heightening
fracture risk. Treatment with recombinant human growth
hormone (rhGH) can improve BMD, thereby reducing
fracture risk in this group”. However, compared to other
rhGH

relatively modest increase in BMD'. Clinical trials in

osteoporosis  treatments, therapy yields a
osteoporotic patients revealed no significant fracture
risk difference between those treated with GH and those

who were not, suggesting that GH replacement therapy

alone might be inadequate for adult growth hormone
(AGHD)
71

osteoporosis' .

deficiency patients  with  concurrent

Consequently, integrating GH
replacement therapy with other anti-osteoporotic drugs
is often advisable.
Antiresorptive medications have become the
predominant treatments for osteoporosis, working by
inhibiting osteoclast activity and thereby slowing bone
remodeling  and  resorption®™.  Among these,
bisphosphonates have shown efficacy in clinical trials.
They act by inhibiting farnesol pyrophosphate synthase
in osteoclasts, a key component of their antiresorptive
effect”. Additional factors include their affinity for
hydroxyapatite and their distribution and retention in the
skeleton. Dosing schedules for bisphosphonates vary:
oral alendronate and risedronate are taken weekly, oral
ibandronate monthly, and intravenous zoledronate
annually"*"". In AGHD with osteoporosis, concurrent
bisphosphonate medication is suggested due to the
limited impact of GH replacement therapy alone!”.
However, questions remain about the optimal timing,
choice, and duration of combination therapy, as well as
its safety and effectiveness. This review focuses on the
pathophysiological, clinical, and therapeutic aspects of

bisphosphonates in AGHD patients with osteoporosis.

1 Physiological actions of GH-IGF1 axis
on skeleton

Pituitary dwarfism was one of the first conditions
for which GH was proposed as a treatment in 1958
GH, a 191-amino acid single-chain polypeptide, is
regulated by a negative feedback loop: Somatostatin
inhibits its secretion, while growth hormone-releasing
hormone (GHRH) stimulates production”. In healthy

individuals, peak GH production occurs during slow-
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wave sleep!"*"”. GH production is enhanced by fasting,
but declines with age!”. The binding of GH to its
receptor enables IGF1 production, allowing GH to exert
both direct and indirect effects. GH activation activates
tyrosine kinase enzymes'. A significant number of
growth hormone receptors (GHR) are present in skeletal
muscle, liver, adipose tissue, heart, pancreas, kidney,
gastrointestinal tract, and lungs. Receptor activation by a
ligand is essential for signaling. This leads to receptor
dimerization and cellular uptake, initiating Janus
tyrosine  kinase 2  activation.  This  triggers
phosphorylation of both the extracellular GHR and the
internalized protein. The signal transducer and activator
of transcription (STAT) plays a key role in GH

U7 GHR also interacts with the insulin

signaling
receptor signaling pathway, phosphorylating insulin
receptor substrates (IRS) -1, -2, and -3,
interaction between GHR and IGF-I receptor (IGF-IR) is

a possible regulatory mechanism in GH signaling,

Direct

allowing it to function even without binding IGF™.
Other pathways in GH signaling involve the expression
of p90rsk and c-fos, as well as the activation of mitogen-
activated protein kinases (MAPKSs) via protein kinase C
(PKC) ®'?¥, These pathways include the expression of
p90rsk and c-fos.

The body equires IGF1 for GH to fulfill its
function. IGF1 can be sourced from either the liver or
bone cells. In bone cells, osteoblasts are primary in
IGF1 synthesis. Several tissues, including muscles and
bones, synthesize and release paracrine IGF1 in
response to GH. Circulating IGF1, predominantly
produced by hepatocytes, activates IGF1 receptors,

facilitating GH’s anabolic effects™.

The activity of
IGF1 is thought to be controlled by proteins known as
IGFBP-1 through -6. IGFBP-3, in particular, regulates
active IGF1 availability by creating a ternary complex
with IGFBP-3 and an acid-labile component, binding up
to 75% of circulating IGFI. Individuals with GH
insensitivity frequently have shorter body lengths at
birth, resulting in shorter statures throughout
development and maturity®. This is notably evident in
patients with Laron syndrome, resulting from GHR gene
mutations that impair longitudinal bone growth due to
reduced IGF1 or IGFBP-3 synthesis. In GH-resistant
mice, cortical bone traits and markers of periosteal and

endosteal bone formation are significantly reduced™'.

This observation extends to various bone formation
assessments. Furthermore, osteoblast-derived IGF1 is
hypothesized to significantly contribute to bone tissue’s
anabolic response to parathyroid hormone (PTH) ™.
Evidence from several studies supports this hypothesis.
PTH induces osteoblasts to produce collagen, alkaline
(ALP), “Osteoblast

encompasses

phosphatase and osteocalcin.

activation” osteoblast  proliferation,

differentiation, and survival, in addition to the

721 Both glucocorticoids and
1, 25-dihydroxy vitamin D3 are known to inhibit IGF1
production. This discussion highlights the GH-IGF1

axis’s role in bone physiology, particularly its impact on

aforementioned functions!

IGF1 production and bone health. Future studies should
further investigate this axis to reveal new therapeutic
avenues for bone disorders and to understand its

variable effects across different demographics.

2 Effects of GH deficiency on skeleton

Reduced osteoblast osteogenesis™”

is a significant
factor in the slower bone turnover observed in
individuals with GHD compared to healthy counterparts.
Bone biopsies from adult males with GHD show
decreased osteoid and mineralizing surfaces, along with
reduced bone formation rates”". Patients with GHD
exhibit lower BMD, with greater severity in cases of
pronounced hormone deficiency or when GHD results
from pituitary radiation therapy or surgery for
Cushing’s disease®™. The skeletal effects of GHD are
more prominent in younger individuals, likely due to
declining GH synthesis and secretion with age. As a
result, children with GHD typically have lower BMD,
whereas adults with GHD often display normal BMD

levels®

. Significant reductions in cortical area and
thickness have been observed using high-resolution
peripheral quantitative CT (HR-pQCT) at the radius and
distal tibia, and 3D dual energy X-ray absorptiometry
(DXA) at the hip in individuals with GHD, irrespective
of its onset in childhood or longstanding presence***. A
decrease in trabecular thickness in cancellous bone is
also noted. However, if GHD develops after peak bone
mass is achieved, it may not significantly impact bone
microarchitecture™. In postmenopausal women, IGF1
blood levels and osteoprogenitor cell activation decrease

with age, regardless of osteoporosis development”’",
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showing a strong correlation between BMD and IGF1
levels. This section highlights how GHD compromises
skeletal health, particularly by reducing osteoblast
activity and BMD, especially in cases of severe
deficiency or early onset. The data reveal a more
substantial impact in younger individuals and varied
effects across age groups. Future research should focus
on understanding the long-term skeletal outcomes of
GHD in all age groups and developing interventions,

with an emphasis on early detection and treatment.

3 Role of GH replacement therapy on
GHD-related bone disfunction

GH replacement therapy in individuals with GHD
increases muscle mass and decreases fat”™”. Increases in
skeletal muscle mass and strength are observed after 6
months of thGH therapy'™. GHD patients undergoing
GH replacement therapy experience accelerated bone
remodeling; however, changes in bone resorption
precede increases in bone formation™'. Blood
biochemical markers for bone formation and resorption,
such as the C-terminal cross-linking telopeptide of type I
collagen, respond dose-dependently following rhGH
administration”. Findings from prospective, long-term
studies align with those from randomized controlled
trials. Two studies*!! showed that up to 15 years of GH
replacement therapy led to an approximate 10% increase
in male lumbar spine BMD. However, the modest
neck BMD following GH

replacement was not fully sustained at the study’s

increase in femoral
end™. Some evidence suggests concerns about potential
fracture risk with GH replacement, but these have only
been assessed retrospectively. Large-scale observational
study™ indicated that male patients receiving GH
replacement therapy for juvenile or adult-onset GH
insufficiency do not exhibit an increased fracture risk.
The study monitored 832 individuals with GHD
undergoing replacement therapy over a median duration
of 5-15 years, categorized based on symptom onset.

Men and women get different effects from GH
injections on BMD. According to a meta-analysis* of
randomized studies on GH replacement treatment, only
men experienced an increase in BMD in the lumbar
spine and femoral neck. Longitudinal studies™*" lasting
up to 15 years revealed

comparable findings,

emphasizing the stability of these findings. To reach the
same IGF1 levels as those on transdermal estrogen,
women on oral estrogen replacement therapy require
greater growth hormone doses'*’”.. Oral estrogen directly
reduces the liver’s IGF1 stores®. This sexually
dimorphic effect was observed even with adequate GH
replacement™*’,  While some studies may have
administered insufficient GH doses to women, others
have provided adequate dosages. The BMD response to
GH varies based on the cause of hypopituitarism, GHD
severity, and pre-treatment BMD levels. A study™”
found that patients with Cushing’s syndrome or
prolactinomas exhibited slower BMD improvements
post-treatment compared to those with non-functioning
pituitary adenomas. A meta-analysis"*” showed that
patients with more severe GHD and lower baseline
BMD experienced more significant increases in femoral
neck BMD with GH therapy.

The potential increase in BMD following rhGH
replacement is relatively modest compared to other
BMD typically

significantly between 12 and 18 months and remains

osteoporosis  treatments. increases
elevated for up to 4 months after starting rhGH
replacement”' ", with an estimated annual growth rate
of about 1%. The long-term sustainability of these BMD
improvements is not yet clear. For comparison, BMD in
the lumbar spine increases by 9% after 3 years of
alendronate therapy, an oral bisphosphonate, equating to
a rate of 3% per year. Currently, the effectiveness of
rhGH replacement therapy in treating osteoporosis

1. By comparison, alendronate

remains inconclusive
sodium has been proven to reduce the risk of vertebral
and hip fractures in postmenopausal osteoporosis
patients by 48%!"". However, recent study”' indicates
that growth hormone therapy does not significantly
impact the incidence of fractures. This raises the
question of whether combining bisphosphonates with
rhGH replacement therapy affects BMD. This section
reviews the efficacy of GH replacement therapy for
GHD-related skeletal diseases, focusing primarily on its
improvement of muscle mass and BMD, particularly in
men. However, these improvements in BMD are not
significantly beneficial compared to other osteoporosis
therapies and also exhibit gender differences. Future

research should focus on the long-term effectiveness and
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safety of GH therapy in various populations and
consider its combination with other treatments (such as
bisphosphonates) to optimize the potential for improved

skeletal health outcomes in GHD patients.
4 Bisphosphonates

4.1 Mechanisms of the action of
bisphosphonates

Since the 1990s, bisphosphonates have been
effectively used to treat osteoporosis in both women and
men, marking a significant advancement in the field.
These drugs are known for reducing bone resorption and
have been proven effective in treating osteoporosis and

conditions®*,  The Food and Drug

related
Administration (FDA) has approved bisphosphonates
for wvarious indications, including postmenopausal

osteoporosis, steroid-induced osteoporosis,
chemotherapy-related osteoporosis, Paget’s disease, and
osteoporosis associated with bladder cancer. However,
they are not approved for treating osteogenesis
imperfecta or preventing  glucocorticoid-induced
osteoporosis in children or adults. Bisphosphonates are
considered a first-line treatment for osteoporosis. They
have a structure similar to pyrophosphates but with
greater stability, which has led to their widespread use.
These drugs work by binding to bone and inducing
apoptosis in osteoclasts, thereby inhibiting bone
resorption and increasing BMD. They bind with
hydroxyapatite to effectively prevent bone loss; during
bone resorption, the released bisphosphonates inhibit
osteoclast activity™” ',

Bisphosphonates are divided into 2 categories
based on their chemical structure: nitrogen-containing
(NBPs) and non-nitrogen-containing (NNBPs). NBPs,
such as risedronate,  ibandronate,
inhibit

pyrophosphate synthase in the mevalonate pathway,

alendronate,

pamidronate, and zoledronate, farnesyl
disrupting protein prenylation and causing abnormalities
in the cytoskeleton of osteoclasts, thereby reducing their
activity. In contrast, NNBPs like etidronate, clodronate,
and tiludronate, have a different mechanism of action,
interfering with cellular metabolism by substituting ATP
with a terminal pyrophosphate, thus inducing osteoclast

apoptosis. Bisphosphonates can be administered either

orally or via intravenous injection. Oral administration
is preferred, but intravenous injection is an alternative in
case of adverse reactions such as difficulty swallowing,
abdominal pain, nausea, bloating, constipation or
diarrhea, acid reflux, taste distortion, esophageal ulcers,
and gastritis. Rare side effects, such as atypical femoral
fractures and osteonecrosis of the jaw, can be managed
by reducing the dosage or altering the dosing schedule.
Despite common side effects, bisphosphonates are still
considered an ideal choice for the early treatment of

osteoporosis when administered correctly.

4.2 Effects of bisphosphonates on GHD-related
osteoporosis
The role

osteoporosis associated with AGHD warrants detailed

of bisphosphonates in managing
exploration due to the complex interplay between GH
and bone metabolism. While bisphosphonates are well-
established in the treatment of osteoporosis by
enhancing bone strength and reducing fracture risks,
their specific impact in the context of AGHD remains
less clear. Research by Jakob et al.'™” is instrumental in
underscoring the potential synergistic effects of
bisphosphonates when used alongside rhGH. Their
findings suggest that combining bisphosphonates with
rhGH significantly improves bone health outcomes in
adults with concurrent osteoporosis and GHD. This
combination therapy appears to augment the anabolic
effects of GH on bone, thus enhancing overall treatment
efficacy. In a randomized trial examining individuals
with low GH levels, both osteoporotic and non-
of GH

supplementation. For osteoporotic patients, this regimen

osteoporotic  subjects received 4 years
was supplemented with an additional 3 years of
alendronate sodium treatment. The study observed no
significant disparity in lumbar spine BMD between the
osteoporotic and non-osteoporotic groups. However, it
did note a gender-related difference in BMD outcomes,
with men exhibiting higher bone mineral density than
women'®,

Further supporting this notion, another study’
indicated that patients receiving both bisphosphonates
and GH exhibited
improvements in lumbar spine BMD compared to those

treated with GH alone. This finding points to the added

supplementation significant
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benefits of bisphosphonates in enhancing the bone-
strengthening effects of GH therapy in AGHD-related

[64-65]

osteoporosis.  Researches also contribute to

understanding the multifaceted impact of
bisphosphonates on bone turnover and PTH sensitivity
in AGHD patients. These studies, along with other
studies,  delincate = the nuanced  effects of
bisphosphonates on skeletal health in the context of
GHD. Despite these promising insights, the current
literature presents some inconsistencies and lacks a
comprehensive overview of the role of bisphosphonates
Table 1 lists the

advantages and disadvantages of GH therapy and

in AGHD-related osteoporosis.

bisphosphonate therapy. Future research is imperative to

elucidate  the  differential effects of various
bisphosphonates, assess their long-term safety, and
evaluate their efficacy across diverse patient populations
with AGHD. Such research endeavors®” are crucial
for gaining a more thorough understanding of
bisphosphonates’ therapeutic potential in this specific
context.

In summary, while existing studies indicate a
positive role of bisphosphonates in conjunction with GH
supplementation for treating AGHD-related osteoporosis,
a more detailed and consistent body of research is
needed for a clearer understanding and better clinical

guidance.

Table 1 Comparison of growth hormone therapy and bisphosphonate therapy in treating growth hormone deficiency-

related bone conditions

Treatment method Advantages

Disadvantages

Growth hormone 1) Increases bone density and muscle mass

therapy 2) Improves muscle strength and body
composition
3) Significant increase in lumbar spine bone
mineral density in some studies
Bisphosphonate 1) Significantly improves bone mineral density
therapy in osteoporosis

2) Reduces risk of non-vertebral and vertebral

fractures
3) Effective in adults with growth hormone

deficiency and osteoporosis

1) Bone formation increase often lags behind bone resorption
2) Limited improvement in femoral neck bone mineral
density in long-term studies

3) Unclear effect on reducing fracture risk

1) Potential side effects with long-term use

2) May not be suitable for certain patients (e.g., severe renal
impairment)

3) Effectiveness may depend more on duration compared to

growth hormone therapy

5 Conclusion

Recent clinical research suggests that individuals
with GHD-related osteoporosis might benefit from an
additional dose of bisphosphonates alongside their GH
supplementation. Further research, conducted over
longer periods and with larger population samples, is
necessary to explore the potential supplemental benefits
of bisphosphonates in conjunction with rhGH in
reducing the heightened risk of fractures associated with

GHD.

Contributions: CHENG Zhiling and LI Jie Literature

search and analysis, paper writing and modification;

CHEN Zhongpei and REN Wei Refine the work
through critical revisions. The final version of the

manuscript has been approved and read by all authors.

Conlflict of interest: The authors declare that they have

no conflicts of interest to disclose.

References

[1] Tritos NA, Biller BMK. Current concepts of the diagnosis of
adult growth hormone deficiency[J]. Rev Endocr Metab
Disord, 2021, 22(1): 109-116. https://doi. org/10.1007/s11154-
020-09594-1.

[2] Yuen KCJ, Biller BMK, Radovick S, et al. American

©Journal of Central South University (Medical Science). All rights reserved.



Role of bisphosphonates in osteoporosis caused by adult growth hormone deficiency CHENG Zhiling, et al 845

[3]

(4]

(3]

(6l

(7]

(8]

(9]

[10]

[11]

[12]

[13]

©Journal of Central South University (Medical Science). All rights reserved.

association of clinical endocrinologists and American college
of endocrinology guidelines for management of growth
hormone deficiency in adults and patients transitioning from
pediatric to adult care[J]. Endocr Pract, 2019, 25(11): 1191-
1232. https://doi.org/10.4158/GL-2019-0405.

Mazziotti G, Lania AG, Canalis E. Skeletal disorders
associated with the growth hormone-insulin-like growth factor
1 axis[J]. Nat Rev Endocrinol, 2022, 18(6): 353-365. https://
doi.org/10.1038/s41574-022-00649-8.

Mancini A, Vergani E, Bruno C, et al. The adult growth
hormone multicentric retrospective observational study: a 24-
month Italian experience of adherence monitoring via
Easypod™ of recombinant growth hormone treatment in adult
GH deficiency[J]. Front Endocrinol, 2023, 14: 1298775. https://
doi.org/10.3389/fendo.2023.1298775.

Fleseriu M. Recombinant growth hormone treatment,
osteoporosis and fractures, more complicated than it seems![J].
Endocrine, 2018, 59(3): 463-465. https://doi.org/10.1007/s12020-
017-1519-7.

Aguiar-Oliveira MH, Oliveira FT, Pereira RM, et al. Longevity
in untreated congenital growth hormone deficiency due to a
homozygous mutation in the GHRH receptor gene[J]. J Clin
Endocrinol Metab, 2010, 95(2): 714-721. https://doi.org/10.1210/
j€.2009-1879.

Mo DJ, Fleseriu M, Qi R, et al. Fracture risk in adult patients
treated with growth hormone replacement therapy for growth
hormone deficiency: a prospective observational cohort study
[J]. Lancet Diabetes Endocrinol, 2015, 3(5): 331-338. https://
doi.org/10.1016/S2213-8587(15)00098-4.

Lorentzon M. Treating osteoporosis to prevent fractures:
current concepts and future developments[J]. J Intern Med,
2019, 285(4): 381-394. https://doi.org/10.1111/joim.12873.
Reid IR, Billington EO. Drug therapy for osteoporosis in older
adults[J]. Lancet, 2022, 399(10329): 1080-1092. https://doi.org/
10.1016/S0140-6736(21)02646-5.

Narayanasamy M, Bishop S, Sahota O, et al. Acceptability and
engagement amongst patients on oral and intravenous
bisphosphonates for the treatment of osteoporosis in older
adults[J]. Age Ageing, 2022, 51(11): afac255. https://doi. org/
10.1093/ageing/afac255.

Gregson CL, Armstrong DJ, Bowden J, et al. UK clinical
guideline for the prevention and treatment of osteoporosis[J].
Arch Osteoporos, 2022, 17(1): 58. https://doi.org/10.1007/s11657-
022-01061-5.

Langdahl B. Treatment of postmenopausal osteoporosis with
bone-forming and antiresorptive treatments: combined and
sequential approaches[J]. Bone, 2020, 139: 115516. https://doi.
org/10.1016/j.bone.2020.115516.

Appelman-Dijkstra NM, Rijndorp M, Biermasz NR, et al.
Effects of discontinuation of growth hormone replacement in
adult GH-deficient patients: a cohort study and a systematic
review of the literature[J]. Eur J Endocrinol, 2016, 174(6): 705-
716. https://doi.org/10.1530/EJE-15-1086.

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Kraemer WJ, Ratamess NA, Hymer WC, et al. Growth
hormone(s), testosterone, insulin-like growth factors, and
cortisol: roles and integration for cellular development and
growth with exercise[J]. Front Endocrinol, 2020, 11: 33. https://
doi.org/10.3389/fendo.2020.00033.

Dixit M, Poudel SB, Yakar S. Effects of GH/IGF axis on bone
and cartilage[J]. Mol Cell Endocrinol, 2021, 519: 111052. https://
doi.org/10.1016/j.mce.2020.111052.

van Bunderen CC, Olsson DS. Growth hormone deficiency and
replacement therapy in adults: impact on survival[J]. Rev
Endocr Metab Disord, 2021, 22(1): 125-133. https://doi.org/10.
1007/s11154-020-09599-w.

Johannsson G, Ragnarsson O. Growth hormone deficiency in
adults with hypopituitarism—What are the risks and can they
be eliminated by therapy?[J]. J Intern Med, 2021, 290(6): 1180-
1193. https://doi.org/10.1111/joim.13382.

Gong Y, Luo S, Fan P, et al. Growth hormone activates PI3K/
Akt signaling and inhibits ROS accumulation and apoptosis in
granulosa cells of patients with polycystic ovary syndrome[J].
Reprod Biol Endocrinol, 2020, 18(1): 121. https://doi. org/10.
1186/512958-020-00677-X.

Strous GJ, Almeida ADS, Putters J, et al. Growth hormone
receptor regulation in cancer and chronic diseases[J]. Front
Endocrinol, 2020, 11: 597573. https://doi. org/10.3389/fendo.
2020.597573.

Adams AL, Adams JL, Raebel MA, et al. Bisphosphonate drug
holiday and fracture risk: a population-based cohort study[J]. J
Bone Miner Res, 2018, 33(7): 1252-1259. https://doi. org/10.
1002/jbmr.3420.

Duran P, Sandoval A, Gonzalez-Ramirez R, et al. Regulation of
the Ca®* channel -1 subunit expression by epidermal growth
factor via the ERK/ELK-1 signaling pathway[J/OL]. Am J
Physiol Endocrinol Metab, 2020, 319(1): E232-E244[2023-09-
20]. https://doi.org/10.1152/ajpendo.00007.2020.

Anderson NG. Growth hormone activates mitogen-activated
protein kinase and S6 kinase and promotes intracellular
tyrosine phosphorylation in 3T3-F442A preadipocytes[J].
Biochem J, 1992, 284(Pt 3): 649-652. https://doi.org/10. 1042/
bj2840649.
Pfeilschifter J, Steinebach 1, Trampisch HJ, et al
Bisphosphonate drug holidays: risk of fractures and mortality
in a prospective cohort study[J]. Bone, 2020, 138: 115431.
https://doi.org/10.1016/j.bone.2020.115431.

Laron Z, Kauli R. Fifty seven years of follow-up of the Israeli
cohort of Laron Syndrome patients—from discovery to
treatment[J]. Growth Horm IGF Res, 2016, 28: 53-56. https://
doi.org/10.1016/j.ghir.2015.08.004.

Wu YJ, Sun H, Basta-Pljakic J, et al. Serum IGF-1 is
insufficient to restore skeletal size in the total absence of the
growth hormone receptor[J]. J] Bone Miner Res, 2013, 28(7):
1575-1586. https://doi.org/10.1002/jbmr.1920.

Miyakoshi N, Kasukawa Y, Linkhart TA, et al. Evidence that

anabolic effects of PTH on bone require IGF-I in growing mice



846

PR R (BE2EI ), 2024, 49(6)  http:/xbyxb.csu.edu.cn

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[33]

[36]

[37]

[38]

[39]

[J]. Endocrinology, 2001, 142(10): 4349-4356. https://doi. org/
10.1210/endo.142.10.8436.

LeBlanc A, Wang AT, Wyatt K, et al. Encounter decision aid
vs. clinical decision support or usual care to support patient-
centered treatment decisions in osteoporosis: the osteoporosis
choice randomized trial II[J/OL]. PLoS One, 2015, 10(5): €0128063
[2023-09-20]. https://doi.org/10.1371/journal.pone.0128063.
Naik-Panvelkar P, Norman S, Elgebaly Z, et al. Osteoporosis
management in Australian general practice: an analysis of
current osteoporosis treatment patterns and gaps in practice[J].
BMC Fam Pract, 2020, 21(1): 32. https://doi.org/10.1186/s12875-
020-01103-2.

Yamaguchi M, Ogata N, Shinoda Y, et al. Insulin receptor
substrate-1 is required for bone anabolic function of
parathyroid hormone in mice[J]. Endocrinology, 2005, 146(6):
2620-2628. https://doi.org/10.1210/en.2004-1511.

Ensrud KE, Crandall CJ. Osteoporosis[J]. Ann Intern Med, 2017,
167(3): ITC17-ITC32. https://doi.org/10.7326/AITC201708010.
Fischer V, Haffner-Luntzer M. Interaction between bone and
immune cells: implications for postmenopausal osteoporosis[J].
Semin Cell Dev Biol, 2022, 123: 14-21. https://doi.org/10.1016/
j.semcdb.2021.05.014.

Cianferotti L, Cipriani C, Corbetta S, et al. Bone quality in
endocrine diseases: determinants and clinical relevance[J]. J
Endocrinol Investig, 2023, 46(7): 1283-1304. https://doi. org/
10.1007/s40618-023-02056-w.

Merle B, Haesebaert J, Bedouet A, et al. Osteoporosis
prevention: where are the barriers to improvement in French
general practitioners? A qualitative study[J/OL]. PLoS One,
2019, 14(7): €0219681[2023-09-20]. https://doi. org/10.1371/
journal.pone.0219681.

Yang HB, Yan KM, Yuping X, et al. Bone microarchitecture
and volumetric bone density impairment in young male adults
with childhood-onset growth hormone deficiency[J]. Eur J
Endocrinol, 2019, 180(2): 145-153. https://doi.org/10.1530/EJE-
18-0711.

Gracia-Marco L, Gonzalez-Salvatierra S, Garcia-Martin A, et
al. 3D DXA hip differences in patients with acromegaly or
adult growth hormone deficiency[J]. J Clin Med, 2021, 10(4):
657. https://doi.org/10.3390/jcm10040657.

Silva PPB, Amlashi FG, Yu EW, et al. Bone microarchitecture
and estimated bone strength in men with active acromegaly[J].
Eur J Endocrinol, 2017, 177(5): 409-420. https://doi. org/10.
1530/EJE-17-0468.

Swart KMA, van Vilsteren M, van Hout W, et al. Factors
related to intentional non-initiation of bisphosphonate
treatment in patients with a high fracture risk in primary care: a
qualitative study[J]. BMC Fam Pract, 2018, 19(1): 141. https://
doi.org/10.1186/512875-018-0828-0.

Wozniak LA, Johnson JA, McAlister FA, et al. Understanding
fragility fracture patients’ decision-making process regarding
bisphosphonate treatment[J]. Osteoporos Int, 2017, 28(1): 219-
229. https://doi.org/10.1007/s00198-016-3693-5.

Juul A. THERAPY OF ENDOCRINE
DISEASE: growth hormone replacement therapy in adults: 30

Jorgensen JOL,

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

years of personal clinical experience[J]. Eur J Endocrinol,
2018, 179(1): R47-R56. https://doi.org/10.1530/EJE-18-0306.
Slagboom TNA, van Bunderen CC, van der Lely AJ, et al. Sex
differences in long-term safety and tolerability of GH
replacement therapy in GH deficient adults[J/OL]. J Clin
Metab, 2023, 108(7): e415-e424[2023-09-20].
https://doi.org/10.1210/clinem/dgad013.

No authors listed. Current Opinion in Endocrinology, Diabetes

Endocrinol

& Obesity. Current world literature[J]. Curr Opin Endocrinol
Diabetes Obes, 2010, 17(5): 486-491. https://doi. org/10.1097/
MED.0b013e32833ef3bd.

Qu HY, Silverman SL, Shewchuk RM, et al. Understanding
physicians’

perceptions of patient-identified barriers to

osteoporosis medication initiation: a cognitive mapping
approach[J]. Risk Manag Healthc Policy, 2022, 15: 1293-1302.
https://doi.org/10.2147/RMHP.S361559.

Appelman-Dijkstra NM, Claessen KM, Hamdy NA, et al.
Effects of up to 15 years of recombinant human GH (rthGH)
replacement on bone metabolism in adults with growth
hormone deficiency (GHD): the Leiden Cohort Study[J]. Clin
Endocrinol, 2014, 81(5): 727-735. https://doi. org/10.1111/cen.
12493.

Elbornsson M, Gétherstrom G, Boszus 1, et al. Fifteen years of
GH replacement increases bone mineral density in
hypopituitary patients with adult-onset GH deficiency[J]. Eur J
Endocrinol, 2012, 166(5): 787-795. https://doi. org/10.1530/EJE-
11-1072.

Aguiar J, Ribeiro M, Pedro AR, et al. Awareness about barriers
to medication adherence in cardiovascular patients and
strategies used in clinical practice by Portuguese clinicians: a
nationwide study[J]. Int J Clin Pharm, 2021, 43(3): 629-636.
https://doi.org/10.1007/s11096-020-01174-2.

Barake M, Klibanski A, Tritos NA. Effects of recombinant
human growth hormone therapy on bone mineral density in
adults with growth hormone deficiency: a meta-analysis[J]. J
Clin Endocrinol Metab, 2014, 99(3): 852-860. https://doi. org/
10.1210/¢.2013-3921.

Harasym P, Beaupre LA, Juby AG, et al. Cultural knowledge in
context-people aged 50 years and over make sense of a first
fracture and osteoporosis[J]. 2023, 10:
23743735231151537. https://doi.org/10.1177/23743735231151537.

Hanson HM, Harasym P, Juby AG, et al. Accounts of health

J Patient Exp,

risk assessment survey administration in the Catch a Break

Program: the social construction of osteoporosis risk
identification and need for intervention[J]. Arch Osteoporos,
2021, 16(1): 136. https://doi.org/10.1007/s11657-021-00994-7.
Tritos NA, Hamrahian AH, King D, et al. Predictors of the
effects of 4 years of growth hormone replacement on bone
mineral density in patients with adult-onset growth hormone
deficiency—a KIMS database analysis[J]. Clin Endocrinol,
2013, 79(2): 178-184. https://doi.org/10.1111/cen.12132.
Colson A, Brooke AM, Walker D, et al. Growth hormone
deficiency and replacement in patients with treated Cushing’s
Disease, prolactinomas and

non-functioning  pituitary

adenomas: effects on body composition, glucose metabolism,

©Journal of Central South University (Medical Science). All rights reserved.



Role of bisphosphonates in osteoporosis caused by adult growth hormone deficiency CHENG Zhiling, et al 847

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

lipid status and bone mineral density[J]. Horm Res, 2006, 66
(6): 257-267. https://doi.org/10.1159/000095168.

Pflimlin A, Gournay A, Delabriére I, et al. Secondary
prevention of osteoporotic fractures: evaluation of the Lille
University Hospital’s Fracture Liaison Service between
January 2016 and January 2018[J]. Osteoporos Int, 2019, 30
(9): 1779-1788. https://doi.org/10.1007/s00198-019-05036-0.
Rossini A, Lanzi R, Galeone C, et al. Bone and body
composition analyses by DXA in adults with GH deficiency:
effects of long-term replacement therapy[J]. Endocrine, 2021,
74(3): 666-675. https://doi.org/10.1007/s12020-021-02835-6.
Shen YY, Ma JN, Ren ZY, et al. Effects of 18 months of growth
hormone replacement therapy on bone mineral density in
patients with adult growth hormone deficiency: a retrospective
study[J]. Int J Endocrinol, 2023, 2023: 4988473. https://doi.org/
10.1155/2023/4988473.

Kann PH, Bergmann S, Bidlingmaier M, et al. Design of the
Growth hormone deficiency and Efficacy of Treatment (GET)
score and non-interventional proof of concept study[J]. BMC
Endocr Disord, 2018, 18(1): 10. https://doi.org/10.1186/s12902-
018-0237-3.

Yan CL, Chen YY, Cao J, et al. The effectiveness of fracture
liaison services in patients with hip fractures: a systematic
review and meta-analysis of randomized controlled trials[J/
OL]. Heliyon, 2023, 9(10): €20838[2024-01-01]. https://doi.org/
10.1016/j.heliyon. 2023.e20838.

Noordin S, Allana S, Masri BA. Establishing a hospital based
fracture liaison service to prevent secondary insufficiency
fractures[J]. Int J Surg, 2018, 54(Pt B): 328-332. https://doi:
10.1016/j.ijsu.2017.09.010.
Arceo-Mendoza RM,
osteoporosis: latest guidelines[J]. Endocrinol Metab Clin North
Am, 2021, 50(2): 167-178. https://doi. org/10.1016/j. ecl. 2021.
03.009.

Otto S, Pautke C, Van den Wyngaert T, et al. Medication-

Camacho PM. Postmenopausal

related osteonecrosis of the jaw: prevention, diagnosis and
management in patients with cancer and bone metastases[J].
Cancer Treat Rev, 2018, 69: 177-187. https://doi.org/10.1016/].
ctrv.2018.06.007.

Farrell KB, Karpeisky A, Thamm DH, et al. Bisphosphonate

ARSI A RS, A0, MR, AR . SURRIRER e AR K
Rk Z T ECE BUGLAMAE TR T [J]. R DR 2 2 4 (R 2 ),
2024, 49(6): 839-847. DOI:10.11817/j.issn.1672-7347.2024.230469
Cite this article as: CHENG Zhiling, LI Jie, CHEN Zhongpei,

REN Wei. Role of bisphosphonates in osteoporosis caused by adult

growth hormone deficiency[J]. Journal of Central South University.
Medical Science, 2024, 49(6): 839-847. DOI:10.11817/j.issn.1672-
7347.2024.230469

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

conjugation for bone specific drug targeting[J]. Bone Rep,
2018, 9: 47-60. https://doi.org/10.1016/j.bonr.2018.06.007.
Jakob T, Tesfamariam YM, Macherey S, et al. Bisphosphonates
or RANK-ligand-inhibitors for men with prostate cancer and
bone metastases: Cochrane
Database Syst Rev, 2020, 12(12): CD013020. https://doi.org/10.
1002/14651858.CD013020.pub2.

Frediani B, Giusti A, Bianchi G, et al. Clodronate in the
management of different
Minerva Med, 2018, 109(4): 300-325. https://doi.org/10.23736/
S0026-4806.18.05688-4.

Bernardi S, di Girolamo M, Necozione S, et al. Antiresorptive

a network meta-analysis[J].

musculoskeletal — conditions[J].

drug-related osteonecrosis of the jaws, literature review and 5
years of experience[J]. Musculoskelet Surg, 2019, 103(1): 47-
53. https://doi.org/10.1007/s12306-018-0548-6.

van Bunderen CC, Deijen JB, Drent ML. Effect of low-normal
and high-normal IGF-1 levels on memory and wellbeing during
growth hormone replacement therapy: a randomized clinical
trial in adult growth hormone deficiency[J]. Health Qual Life
Outcomes, 2018, 16(1): 135. https://doi. org/10.1186/s12955-
018-0963-2.

Ahmad AM, Thomas J, Clewes A, et al. Effects of growth
hormone replacement on parathyroid hormone sensitivity and
bone mineral metabolism[J]. J Clin Endocrinol Metab, 2003, 88
(6): 2860-2868. https://doi.org/10.1210/jc.2002-021787.

Graber E, Reiter EO, Rogol AD. Human growth and growth
hormone: from antiquity to the recominant age to the future[J].
Front Endocrinol, 2021, 12: 709936. https://doi. org/10.3389/
fendo.2021.709936.

Bishop S, Narayanasamy MJ, Paskins Z, et al. Clinicians’
views of prescribing oral and intravenous bisphosphonates for
0steoporosis: BMC Musculoskelet
Disord, 2023, 24(1): 770. https://doi. org/10.1186/s12891-023-
06865-1.

Rogol AD, Reiter EO. Growth and growth hormone through
the ages: art and science[J]. Horm Res Paediatr, 2022, 95(6):
515-528. https://doi.org/10.1159/000526440.

a qualitative study[J].

(Edited by GUO Zheng)

©Journal of Central South University (Medical Science). All rights reserved.



