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Abstract 

Background: X-linked hypophosphatemic rickets (XLHR) is the most frequent form of inherited 

rickets. In children, stunted growth and disproportionately short stature are frequently the early 

signs of XLHR. 

Objective: To review different opinions in the review of literature about the use of growth 

hormone in the treatment of XLHR. 

Methods: This review article followed a systematic literature review approach, there are 

no exclusion criteria. 

Main Findings: Growth retardation may continue even after receiving appropriate conventional 

treatment (phosphate supplements and active analogs of vitamin D) in XLHR, even if it is initiated 

early in childhood. Recently, regardless of a well-controlled disease, treatment with recombinant 

human growth hormone (rhGH) was suggested as an effective way of supporting growth in 

children with XLHR exhibiting a lack of growth. It is necessary to follow until reaching adult 

height to assess the long-term effects of rhGH treatment on the ultimate height. 

Conclusion: The addition of rhGH to optimal medical treatment might represent a promising 

option in the significant portion of affected patients with XLHR and growth failure. Follow-up is 

needed until the final height is reached to evaluate the long-term benefit of rhGH treatment on final 

height. Further studies will be necessary to determine the most efficient treatment protocol 

concerning doses, duration, and age of initiation or rhGH in short children with XLHR. However, 

further studies would be needed to study the addition of rhGH to optimal medical treatment in 

short children with XLHR. 

                        Keywords: Growth hormone; Rickets; Short stature; X-linked dominant; X-linked 

hypophosphatemic.  

Introduction  

Definition: X-linked hypophosphatemic rickets 

(XLHR), is the most frequent form of inherited 

rickets affecting 3.9 - 5 / 100,000 live births (1). 

Genetics of XLHR: X-linked hypophosphatemic 

rickets is a hereditary disease caused by the loss of 

function mutations in the Phosphate phosphate-

regulating endopeptidase X-Linked (PHEX) gene 

which is localized on Xp22.1. PHEX genes encode a 

particular endopeptidase which is highly displayed in 

the cells of the teeth (odontoblasts) and bones 

(osteocytes, osteoblasts) (2). Studies show that when 

PHEX function is lost, fibroblast growth factor 23 

(FGF23) is secreted more readily; which can cause 

hypophosphatemia, urinary phosphate loss, and 

insufficient production of calcitriol (1, 25(OH) 2 

Vitamin D) (3). Both heterozygous females and 

hemizygous males are affected by XLHR, which is 

inherited in an X-linked dominant pattern. 

Hemizygous males with a PHEX pathogenic variant 

pass it on to all of their daughters (who will be 

heterozygote affected) but not to any of their sons 

(non-affected). Male and Female progeny who inherit 

the pathogenic variant will be affected.  
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Affected females have a 50% chance of passing on 

the pathogenic mutation to each child. When a family 

member inherits a PHEX pathogenic variation,the 

degree of symptoms can vary; however, intrafamilial 

clinical variability is not related to the affected family 

member's sex. It is possible to do prenatal and 

preimplantation genetic testing for XLHR if a family 

member with the PHEX pathogenic variation has 

been discovered (1). 

Clinical and biochemical features of XLHR: 

Hypophosphatemia can present in the neonatal 

period, alkaline phosphatase can be elevated at the 

first month of life, and an early treatment with high 

doses of vitamin D may not prevent growth failure. 

Patients with the X-linked disorder do not show 

muscle weakness, tetany, or hypocalcemia. Adults, 

especially males, with XLHR may develop 

progressive ankylosis of the spine and major joints, 

simulating ankylosing spondylitis (4). Clinically, 

children with XLHR are characterized by short 

stature, and progressive leg bowing that develops as 

toddlers begin to stand and walk associated with 

radiological features of rickets, in addition to dental 

abscesses (5). 

Biochemically, XLHR can be identified by raised 

serum alkaline phosphatase levels, low 1.25 

dihydroxy vitamin D3 levels (calcitriol), normal 
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serum calcium and 25-OH vitamin D3 levels, and 

most importantly is hypophosphatemia and 

phosphaturia due to inadequate renal tubular 

reabsorption of phosphate) (5,6). 

 

Growth status in patients with XLHR: In children, 

stunted growth and disproportionately short stature 

are frequently the early signs of XLHR. The length at 

birth is stated to be normal in children with XLHR 

(1). However, during the first few years of life, 

growth retardation becomes noticeable (7), leading to 

a mean height that is of 2 standard deviation scores 

(SDS) or more below the reference population's mean 

height (2). Unfortunately, growth retardation may 

continue even after receiving appropriate traditional 

therapy (phosphate supplements and active analogs of 

vitamin D), even if it is initiated early in childhood. 

In fact, the majority of studies have shown that 

approximately 50% of treated XLHR children remain 

short (< − 2 SDS) when growth has finished, which 

leads to a poor final adult height (8). There is yet, no 

fully effective treatment for XLHR. Growth 

retardation and skeletal abnormalities in XLHR 

patients have been proven to improve with using 

calcitriol in addition to oral phosphate (9). However, 

compliance with this regimen over the long term is 

challenging, and for some patients, the treatment 

outcomes are unsatisfactory. Many patients never 

show signs of catch-up growth or attain normal 

stature, even with the most effective medical therapy 

possible (10). Cohorts of treated patients have mean 

adult heights ranging from -2.8 to -1.7 SDS (11). 

Moreover, the medical therapy has been linked to 

substantial adverse consequences such 

as nephrocalcinosis, hypercalciuria, hypercalcemia, 

and secondary and tertiary hyperparathyroidism (12). 

Improper adherence to treatment with frequent 

phosphate dose and secondary hyperparathyroidism 

are two important factors that lead to inadequate 

metabolic control and stunted growth in children with 

XLHR (9). In fact, progressive disproportional 

stunting was revealed by a new study on the linear 

growth of a large cohort of XLHR patients receiving 

consistent calcitriol and phosphate medication (13), 

while the degree or the extent of leg bowing seemed 

to be just a weak link. This was primarily caused by 

consistently reduced leg growth over the prepubertal 

growth stage and was significantly correlated with the 

degree of hypophosphatemia. Trunk growth, 

however, was less negatively impacted in XLHR. 

Together, these discordant growth patterns produce a 

considerably raised sitting height index, and as a 

general rule, the shortest patients appear with the 

highest degree of bodily disproportion (13). 

Growth Hormone treatment in children and 

adolescents with XLHR: Recently, regardless of a 

well-controlled disease, treatment with rhGH was 

suggested as a means of supporting growth in 

children with XLHR exhibiting poor growth. It is well 

established that growth hormone (GH) affects growth 

by acting through insulin-like growth factor-1 (IGF-

1), which is crucial for the maturation and 

differentiation of growth plate chondrocytes (2), 

promotes the mineralization of the bone matrix, 

collagen secretion, and osteoblastogenesis (14).  

Furthermore, it is hypothesized that GH may increase 

serum phosphate levels by increasing renal phosphate 

reabsorption, both directly and indirectly via IGF-1 

(15). In fact, the proximal renal tubule had been 

proved to have GH and IGF-I receptors. Consistent 

with this, research suggests that improved renal 

phosphorus reabsorption in association with 

enhanced 1α-hydroxylase enzyme activity are likely 

responsible for the favorable effects of rhGH 

treatment on phosphate metabolism (9). It is 

important to note that during rhGH treatment, patients 

with XLHR may experience an unexpected rise in the 

serum phosphate level due to a temporary decline in 

urine phosphate excretion (16). Numerous studies 

have demonstrated that rhGH treatment can 

accelerate growth in patients with short XLHR 

patients, particularly when initiated in the prepubertal 

period (5, 9, 15, 16). However, the limited patient 

numbers, lack of controls, absence of randomization, 

and very short observation periods make it difficult to 

judge these types of studies. Furthermore, GH may 

also exacerbate pre-existing body disproportion in 

XLHR patients, according to certain theories, as 

during rhGH treatment, the standardized sitting 

height increased by 1.6 SD compared with baseline 

values (17). In a retrospective longitudinal analysis 

study done by André et al (2) in 2022, there were two 

groups of children with XLHR: One that received 

rhGH treatment and the other that did not; the mean 

duration of GH therapy was 4.4 ± 2.9 years. This 

study is the first to clarify and corroborate the idea 

that GH promotes height in short kids with XLHR. It 

also shows that GH raises final adult height in 

children who continue to exhibit short stature even 

after receiving the best possible medical treatment. 

The greatest increase in height was seen throughout 

the first two years of treatment, and despite rhGH 

discontinuation, the height increase persisted until the 

final height was reached. Most notably, rhGH 

treatment enabled these children to attain a 

satisfactory final adult height (155.5 ± 6.3 cm in girls 

and 165.5  ± 6.4 cm in boys). A study conducted by 

Baroncelli et al. (18) in 2001, on a small number of 

children and teens with XLHR who received rhGH 

also suggests that GH treatment shows a favorable 

impact on final adult height. Zivicnjak et al. 

conducted a study in 2011 on 16 pre-pubertal children 

with XLHR who were short (height: −3.3 SDS), eight 

of whom received rhGH treatment for three years. 

The results revealed a considerable improvement in 

linear growth (+1.1 SDS) without a discernible 

alteration in the body proportions (13). An insightful 

study done by Rothenbuhler et al (5) in 2017, on 19 

patients with XLHR, after two years of treatment with 

rhGH revealed that height SDS improved with rhGH 

therapy from −2.35 ± 0.8 SDS at the starting point to 

−1.62 ± 0.8 SDS (p=0.01) after a year and −1.2 ± 1.0 

SDS (p=0.04) after two years. A substantial 

correlation was observed between the age at which 
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rhGH was initiated and the number of centimeters 

acquired throughout the duration of the study. Pre-

pubertal children responded more favorably to rhGH. 

Burosumab, a human monoclonal IgG antibody that 

blocks FGF23's effects, has been a treatment option 

for XLHR since 2018 (19). Research on children 

demonstrated that this medication increases serum 

phosphate level and plasma calcitriol while restoring 

renal reabsorption of phosphate. In children with 

XLHR, it significantly improved bone malformations 

and rickets. But still, it seems that FGF23 blockage 

has little influence on growth velocity (19, 20).  

In a recent appealing study, Ertl et al. (21) in 2022 

conducted the first research on the growth of XLHR 

patients receiving concurrent burosumab and rhGH 

therapies. The study included 36 XLHR patients who 

were treated with Burosumab for a minimum of one 

year following conversion from traditional medical 

treatment. Twenty-three of them were given 

Burosumab exclusively, and the remaining patients 

maintained rhGH therapy after switching to 

Burosumab. After a year, children treated with 

Burosumab alone had only slight changes in their 

height SDS. In contrast, throughout the year of 

combination of Burosumab and GH therapy, 

children's height was definitely improved. This study 

suggests that continuing treatment with rhGH after 

switching from conventional therapy to Burosumab 

might be beneficial for the final height (21). 

On the other hand, Smith and Remmington in 2021 

included two studies (20 participants) in their review. 

The results showed that rhGH treatment could 

improve the height-standard deviation (SDS) score 

(z-score), but they were uncertain whether growth 

hormone or other treatments caused the transient 

increase in serum phosphate and maximal tubular 

phosphate reabsorption. They also concluded that 

they do not have strong enough evidence to 

recommend rhGH therapy for children. X-linked 

hypophosphatemia (22).  

 

Conclusion: 

The addition of rhGH to optimal medical treatment 

might represent a promising option in the significant 

portion of affected patients with XLHR and growth 

failure. Follow-up is needed until the final height is 

reached to evaluate the long-term benefit of rhGH 

treatment on final height. Further studies will be 

necessary to determine the most efficient treatment 

protocol concerning doses, duration and age of 

initiation or rhGH in short children with XLHR. 

However, further studies would be needed to study 

the addition of rhGH to optimal medical treatment in 

short children with XLHR. 
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   المرتبط الفوسفات الناقص بالكساح المصابين الأطفال لدى الطول على النمو هرمون  علاج تأثير

 X بالكروموسوم

 
 2وسناء هادي عبد الله   ,  1منيب احمد الزبيدي

 فرع طب الأطفال, كلية الطب,  جامعة بغداد,  بغداد, العراق 

 فرع طب الأطفال, كلية الطب, الجامعة المستنصرية. بغداد, العراق 
 

 الخلاصة 

  وقصر  المتقزم  النمو  يكون  ما  غالباً   الأطفال،   في  الوراثي  للكساح  شيوعًا  الأكثر  الشكل  هو  Xبالكروموسوم    المرتبط  الفوسفات  يعتبر الكساح الناقص

  الفوسفات   مكملات)  المناسب  التقليدي   العلاج  تلقي  بعد  حتى   النمو  تأخر  يستمر  قد.  هذا النوع من الكساحلـ  المبكرة  العلامات  من  المتناسب  غير  القامة

  عولجوا  الذين  الأطفال  من ٪  50  حوالي  أن  الدراسات  غالبية  أظهرت.  الطفولة   من  مبكر  وقت  العلاج في  في  البدء  تم  لو  حتى  (النشطة  د  فيتامين  ونظائر

 عن   النظر  وبغضالأخيرة    الآونة  في.  نهائي ضعيف عند اكمال البلوغ  طول  إلى  يؤدي  مما  النمو،   انتهاء  عند  القامة  قصار  يظلون  هذا الكساح  من

هذا النوع  من يعانون الذين الأطفال لدى النمو لدعم فعالة كطريقة المؤتلف البشري النمو بهرمون  العلاج اقتراح تم جيداً،  فيه التحكم يتم الذي المرض

  امتصاص   إعادة  زيادة  طريق  عن  المصل  في  الفوسفات  مستويات  من  يزيد  قد  النمو  هرمون  أن  يفُترض.  النمو  نقص  من  يعانون  والذين  من الكساح

  مستقبلات   على  يحتوي  القريب  الكلوي  الأنبوب  أن  ثبت  الواقع،   في.  1  الأنسولين   نمو   عامل عبر  مباشر غير  أو  مباشر  بشكل  سواء  الكلوي،   الفوسفات

 يعانون  الذين  المرضى  لدى  النمو  يسرع  أن  يمكن  الطبيعي  النمو  هرمون  علاج  أن  الدراسات  من  العديد  أثبتت  كما.1عامل نمو الانسولين  و  النمو  هرمون

  واعداً  خيارًا   الأمثل  الطبي   العلاج  إلى  الطبيعي  النمو  هرمون  إضافة  يمثل   قد.  البلوغ  قبل  ما  فترة  في  العلاج  في   البدء  عند  وخاصة  ،   القامة  قصر  من

  طويلة   الفائدة  لتقييم  المتابعة  إلى  حاجة  هناك.  النمو  وفشل  في مرض الكساح الناقص الفوسفات  القامة  بقصر  المصابين  المرضى  من  كبيرة  نسبة  في

  يتعلق  فيما كفاءة  الأكثر  العلاج  بروتوكول   لتحديد  الدراسات  من  مزيد  إلى  حاجة  هناك  ستكون.  النهائي  الطول  على  الطبيعي  النمو  هرمون  لعلاج  المدى

بالكروموسوم    المرتبط  الفوسفات  الكساح الناقص  من  يعانون  الذين  القامة  قصار  الأطفال   في  الطبيعي  النمو  هرمون  أو   العلاج  بدء   وعمر  ومدة  بالجرعات

X. 
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