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Abstract
Background We recently showed that a 3-year growth hor-
mone (GH) treatment improves linear growth in severely short
children with X-linked hypophosphatemic rickets (XLH). It is
unknown if GH therapy increases adult height in XLH
patients.
Methods We carried out a follow-up analysis of a randomized
controlled open-label GH study in short prepubertal children
with XLH on phosphate and active vitamin D treatment. The
changes in SD scores (SDS) of height, sitting height, leg and
arm length, and sitting height index (i.e., the ratio between
sitting height and height) were analyzed in 11 out of 16 pa-
tients followed-up until adult height.
Results At baseline, XLH patients showed disproportionately
short stature with reduced standardized height (−3.2 ± 0.6),
sitting height (−1.7 ± 0.6), leg (−3.7 ± 0.7) and arm
(−2.5 ± 0.8) length, and markedly elevated sitting height index

(3.3 ± 0.6; each p < 0.01 versus healthy children). In GH-
treated patients, adult height, sitting height, leg length, and
arm length exceeded baseline values by 0.7 SDS, 1.7 SDS,
0.7 SDS, and 1.2 SDS respectively, although this was only
significant for sitting height. In controls, no significant chang-
es in linear body dimensions were noted. Adult height did not
statistically differ between groups (−2.4 ± 0.7 vs −3.3 ± 1.2,
p = 0.082). GH did not exaggerate body disproportion.
Conclusions Growth hormone treatment did not significantly
increase adult height in this group of short children with XLH,
which may be at least partly due to the small number of pa-
tients included in our study.
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Introduction

X-linked hypophosphatemic rickets (XLH,MIM#307800) is the
most frequent inherited phosphate-wasting disorder, with a prev-
alence of 1/20,000. Patients suffering from XLH have a loss-of-
function mutation in the phosphate-regulating gene with homol-
ogies to endopeptidase on the X chromosome (PHEX) gene,
leading to overexpression of the phosphaturic fibroblast growth
factor 23 (FGF23) hormone in bone [1, 2]. In XLH patients, an
excess of FGF23 results in renal phosphate-wasting and consec-
utive hypophosphatemia via down-regulation of the sodium-
dependent phosphate transporter in the proximal tubule and re-
duced 1,25(OH)2D3 levels by inhibition of renal 1-α hydroxylase
and stimulation of the catabolic 24-hydroxylase [3, 4]. The char-
acteristic features of XLH are disproportionately short stature,
rickets, and osteomalacia starting early in life [5–7].

Initiation of early treatment, i.e., within the first year of life,
with active vitamin D (calcitriol or 1alpha (OH)D3) and oral
doses of phosphate, is of crucial importance in improving growth
and hindering skeletal deformities in XLH patients [8–10].
Unfortunately, especially in isolated cases, diagnosis is often
made after infancy resulting in delayed treatment and thus the
majority of XLH patients show poor long-term growth outcome
(height < 3rd percentile) despite phosphate and active vitamin D
treatment [7, 11–13]. In a recent report from France. the mean
adult height in female and male XLH patients was 153 cm and
160 cm respectively [13]. Conventional treatment with phos-
phate and active vitamin D is limited by its renal (hypercalciuria,
nephrocalcinosis) and gastrointestinal (abdominal pain, diarrhea)
side effects. In addition, both phosphate and active vitamin D
trigger further FGF23 expression in bone. resulting in a vicious
circle, which may limit the efficacy and safety of the current
standard treatment [14].

Several uncontrolled and two controlled studies have
shown that treatment with recombinant human growth hor-
mone (GH) is able to improve growth in short children with
XLH for treatment periods of up to 3 years [15–21].
Alongside its direct effects on growth cartilage, GH is thought
to stimulate growth in XLH patients by increasing renal phos-
phate reabsorption and thereby serum phosphate levels via
induced circulating insulin-like growth factor 1 (IGF1)
[20–22].

We recently performed a randomized controlled open-label
GH study in 16 severely short prepubertal children with XLH
(height z-score < −2.5) on phosphate and active vitamin D
treatment [21]. A 3-year GH treatment significantly improved
linear growth in these patients, without progression of body
disproportion. However, it remains unclear whether GH treat-
ment ultimately increases adult height in XLH patients, as
suggested in two uncontrolled trials of GH treatment, includ-
ing 9 XLH patients in total [22, 23].

We therefore analyzed linear growth, i.e., height, sitting
height, leg and arm length, and sitting height index (i.e., ratio

between sitting height and height) as a measure of body dis-
proportion, in 11 out of 16 XLH patients, who were initially
enrolled in our 3-year randomized controlled study and treated
with GH or followed up as controls until attainment of adult
height.

Patients and methods

Study design and patients

This is a follow-up analysis of a multicenter, prospective,
open-label, randomized trial (registered at http://
ClinicalTrials.gov, Identifier: NCT00473187) of 3-year GH
treatment in severely short prepubertal children with XLH.
Details of the study and the 3-year results have been published
previously [21]. In brief, 16 patients (8 female) with XLH
were enrolled between February 2003 andMay 2005 fulfilling
the following inclusion criteria:

1. Clinical diagnosis of XLH, i.e., family history, symptoms,
physical evaluation consistent with XLH, and the pres-
ence of hypophosphatemia due to selective phosphate-
wasting in the absence of kidney malformations

2. Age: 3–9 years (girls), 3–10 years (boys)
3. Tanner stage 1 (B1 ingirls,G1and testicular volume<3ml

in boys)
4. Height z-score below −2.5
5. Height velocity below 75th percentile
6. Complete growth monitoring during the last 12 months
7. Treatment with oral phosphate and calcitriol for at least

1 year

Exclusion criteria were as follows:

1. GH deficiency (i.e., IGF1 < −2 SDS)
2. Untreated hypothyroidism
3. Severe rickets (i.e., serum alkaline phosphatase >800 IU/

L)
4. Severe leg deformities (e.g. bowing index >0.15)
5. Uncontrolled secondary hyperparathyroidism (i.e., intact

parathyroid hormone (PTH) > 120 pg/ml)
6. Estimated glomerular filtration rate (eGFR) < 60 ml/min

per 1.73 m2)
7. Heredi ta ry hypophospha temic r icke ts wi th

hypercalciuria
8. Severe organ involvement possibly contributing to

growth failure
9. Glucose intolerance

10. History of malignancy
11. Previous treatment with GH, anabolic steroids or

glucocorticoids

448 Pediatr Nephrol (2018) 33:447–456

http://clinicaltrials.gov
http://clinicaltrials.gov


Fifteen of 16 patients completed the 3-year trial and agreed to
continue in this study andwritten informed consent was obtained
from all patients and their parents. During follow-up, 3 patients
(2 in the GH and 1 in the control group) were lost to follow-up
for social reasons after a median period of 4 years (range 3–
7 years) and were therefore excluded from the statistical analysis.
In addition, one girl suffered from an idiopathic juvenile
thoracolumbar scoliosis, diagnosed at the age of 3 years, which
was treated by a full-time anti-gravity brace. In this patient, stan-
dardized leg length markedly improved (+1.2 SD score [SDS]
within 9 years of GH treatment). However, this only resulted in a
slight increase in height (+0.4 SDS), because of progressive sco-
liosis (Cobb angle: at start of GH, 60°, 2 years, 21°; 3 years, 40°,
5 years, 40°; 6 years, 74°), and GH treatment was stopped before
attainment of adult height at the age of 13.6 years. Therefore, this
patient was excluded from the adult height analysis. Baseline
clinical characteristics of the remaining 11 patients who could
be followed up until attaining adult height are given in Table 1.
Patients originated from 8 different family trees, and 7 families
had one affected child each. Four patients had one or more af-
fected siblings, but only one of the affected siblings was enrolled
from each of these two families. In all but one patient the clinical
diagnosis was confirmed genetically, as previously published
[21].

Treatment protocol

Patients were randomized into a GH-treated group
(Genotropin™, Pfizer, Berlin, Germany, dosage: 0.40 mg per
kilogram body weight per week given daily by subcutaneous
injections; n = 5) and a control group (no additional treatment;
n = 6). Patients were evaluated every 3 months until attainment
of adult height (i.e., epiphyseal closure on hand X-rays and/or a
height velocity < 1 cm/year). At every clinical visit, GH dosage
was adjusted according to weight by the responsible physician
and a complete interval history was recorded and a physical
examination, including Tanner pubertal staging and blood pres-
sure measurement, was performed. Patients were monitored at 3-
month intervals with respect to:

1. Complete blood cell count, serum creatinine, sodium, cal-
cium, potassium, chloride, bicarbonate, phosphate, cho-
lesterol, liver enzymes, alkaline phosphatase activity,
PTH, and glycosylated hemoglobin

2. Second morning spot urine to determine phosphate, cal-
cium, and creatinine levels

Serum thyroid function was measured at yearly intervals.
Finally, renal ultrasound (assessment of nephrocalcinosis accord-
ing to Hoyer et al. [24]) and optional determination of bone age
(according to Greulich and Pyle [25]) was performed at yearly
intervals. Tubular maximum for the reabsorption of phosphate
(TmP/GFR), and estimated glomerular filtration reate (eGFR)

were assessed according to Brodehl et al. [26] and the revised
Schwartz formula [27] respectively.

Anthropometry

The same investigator (M.Ž) performed all measurements, as
recommended by the International Biological Program [28]
using standardized equipment (Stadiometer Dr Keller I,
Längen-Messtechnik, Limbach-Oberfrohna, Germany; Siber
Hegner Anthropometer Zürich, Switzerland). Height and length
of the three longitudinal body segments (i.e., sitting height, arm,
and leg length) were measured yearly and height and sitting
height data were used to calculate the sitting height index [21].
A detailed description of the underlying procedures and their
definition was previously published [29, 30]. The distance be-
tween the medial condyles of the right and left femur and the
ratio between this distance and leg lengths (i.e., the bowing in-
dex) were assessed as indicators for the degree of leg bowing
(i.e., genu varum) [7]. Age- and gender-related z scores (SD
scores, SDS) were calculated with reference limits derived from
healthy children [29, 31]. Target height was calculated as mid-
parental height + 10 cm for boys and −2.6 cm for girls [32].
Predicted adult height was calculated according to Greulich and
Pyle [33].

Statistics

Data are given as mean ± SD unless otherwise indicated. The
normality of distribution was evaluated using the Kolmogorov–
Smirnov test for each observed variable. SDS values were cal-
culated according to the equation SDS = (xi – xs)/SD, with xi
representing actual patient data, and xs and SD representing cor-
responding mean and standard deviation from age- and sex-
matched healthy peers. Sitting height index was calculated ac-
cording to the formula: sitting height index = (sitting height/stat-
ure)*100. Comparison between groups was performed using
Student’s t test in cases of normal data distribution of data and
otherwise the Mann–Whitney U test was employed. The longi-
tudinal changes in anthropometric and biochemical data were
evaluated using repeated-measures ANOVA, including a
within-subject factor (time) and a between-subject factor (i.e.,
GH group vs controls). SPSS software, version 24 (SPSS,
Chicago, IL, USA) was used for all statistical calculations. All
p values resulted from two-sided statistical tests and p < 0.05was
considered significant.

Results

Effect of GH on longitudinal growth and adult height

Longitudinal body dimensions were significantly reduced in
XLH patients (height SDS, −3.2 ± 0.6; sitting height SDS,
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−1.7 ± 0.6; leg length SDS, −3.7 ± 0.7, arm length SDS,
−2.5 ± 0.8; each p < 0.001 vs healthy children; Table 1.).
Leg length was more impaired than trunk length (p < 0.01)
resulting in a markedly elevated sitting height index SDS
(3.3 ± 0.6; p < 0.001 vs healthy children). Baseline anthropo-
metric data did not differ significantly between groups. The
median duration of GH treatment was 7.8 years (range 6.0–
11.3 years), and the mean age at attainment of adult height was
17.4 ± 1.3 years and 17.5 ± 1.6 years in GH-treated patients
and controls, respectively (p = 0.662).

In GH-treated patients, a significant increase in all lin-
ear body dimensions was noted during the first 3 years
compared with baseline (3-year increase: height, +1.1
SDS; sitting height, +1.3 SDS; leg length, +0.7 SDS;
arm length, +1.3 SDS; each p < 0.05 vs baseline).
Sitting height remained significantly increased compared
with baseline values until attainment of adult height (total
increase, +1.7 SDS; p < 0.05), whereas no significant
changes were noted for height (+0.7 SDS, p = 0.167),
leg length (+0.7 SDS, p = 0.268), and arm length (+1.2

SDS, p = 0.055; Figs. 1, 2a). By contrast, controls showed
no significant changes. Consequently, mean standardized
height was significantly higher in GH-treated patients at 2
and 3 years, and mean standardized sitting height and arm
length were significantly higher at 2 to 6 years compared
with controls (each p < 0.05). Mean adult height was
significantly higher compared with predicted adult height
in GH-treated patients (−2.39 ± 1.02 SDS vs −4.21 ± 0.36
SDS, p < 0.01), and in controls (−3.25 ± 1.17 SDS vs
−4.49 ± 0.72 SDS, p = 0.019). Mean adult height did
not differ statistically between groups (GH, −2.39 ± 1.02
SDS; non-GH, −3.25 ± 1.17 SDS; p = 0.082). In both
GH-treated patients and controls, mean sitting height in-
dex did not change significantly during the study
(Fig. 2b).

Effect of GH on leg bowing

At the time of enrolment, the median distance between the
medial condyles of the right and left femur was 31.2 mm

Table 1 Clinical and anthropometric characteristics of X-linked hypophosphatemic rickets patients enrolled into the randomized growth hormone
(GH) study with follow-up until adult height

GH group (n = 5) Control group (n = 6) p value

Boys/girls 3/2 3/3

Age at diagnosis (years) 2.1 ± 0.8 1.8 ± 1.4 0.931

Duration of GH treatment (years) 7.75 ± 2.07 –

Genetic target height (SDS)a −1.37 ± 1.97 −0.28 ± 1.02 0.800

Calcitriol dosage (ng/kg per day)b 21.6 ± 10.2 26.3 ± 11.4 0.247

Phosphate dosage (mg/kg per day)b 44.1 ± 6.5 50.9 ± 8.5 0.537

At baseline

Age (years) 7.56 ± 1.77 7.34 ± 1.85 1.000

Bone age (years) 6.5 ± 1.9 5.8 ± 1.8 0.556

Height (SDS) −3.09 ± 0.44 −3.27 ± 0.73 0.792

Predicted adult height (SDS) −4.21 ± 0.36 −4.49 ± 0.72 0.429

Sitting height (SDS) −1.70 ± 0.67 −1.61 ± 0.54 0.792

Arm length (SDS) −2.62 ± 1.14 −2.42 ± 0.47 0.931

Leg length (SDS) −3.49 ± 0.49 −3.82 ± 0.80 0.662

Sitting height index (SDS) 3.07 ± 0.47 3.43 ± 0.69 0.329

At adult height

Age (years) 17.37 ± 1.32 17.53 ± 1.67 0.662

Height (SDS) −2.39 ± 1.02 −3.25 ± 1.17 0.082

Sitting height (SDS) −0.03 ± 0.88 −0.93 ± 0.78 0.126

Arm length (SDS) −1.46 ± 0.52 −2.39 ± 1.30 0.177

Leg length (SDS) −2.84 ± 1.27 −3.31 ± 1.19 0.329

Sitting height index (SDS) 3.48 ± 0.97 3.61 ± 1.56 0.792

Data given in mean ± SD

SDS standard deviation score
a Only patients with non-affected parents
bMean dosage during the study period
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(range 10.0–67.2 mm) and 30.6 mm (range 10.0–
94 .8 mm) in GH- t rea ted pa t ien ts and cont ro l s
(p = 0.931). The respective values of the bowing index
amounted to 0.045 (range 0.01–0.09) and 0.050 (range
0.01–0.16) in GH-treated pat ients and controls
(p = 1.000; Fig. 2c). Seven patients (4 on GH treatment
and 3 controls) underwent a total of 10 orthopedic surger-
ies for the correction of leg deformities (genu valgum/
varum) after a median period of 6.4 years (range 4.5–
9.7 years; Table 2). In both groups no significant changes
in standardized height or bowing index were noted after
surgery at next annual measurement after a median period

of 6 months (range 3–9 months) compared with the last
measurement before surgery. During the whole study pe-
riod, no significant changes in the mean bowing index
were noted in either patient group (Fig. 2c).

Effect of GH treatment on pubertal development

The median age at start of puberty in GH-treated and non-GH-
treated boys was 11.1 years (range 10.9–11.2 years) and
11.4 years (range 11.0–12.2 years) respectively (p = 0.800).
The median age at start of puberty in GH-treated and non-GH-
treated girls was 10.3 years (range 10.0–10.8 years) and

Fig. 1 a–d Mean values for standard deviation scores (SDS) of height,
sitting height, arm length, and leg length in patients with growth
hormone-treated X-linked hypophosphatemic rickets (XLH) patients (3
boys, 2 girls, black circles) and controls (3 boys, 3 girls, white circles)

during the study period. Only patients with complete follow-up data are
shown. Data are given as mean ± SEM. *p < 0.05 vs baseline; #p < 0.05
GH-treated patients vs controls. AH adult height, GH growth hormone
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10.5 years (range 9.9–10.9 years) respectively (p = 1.000).
The median age at menarche was 12.8 years (range 12.2–
13.6 years) and 14.0 years (11.8–15.9 years) in GH-treated
and non-GH-treated girls respectively (p = 0.700).

Effect of GH on serum and urine biochemistry
and safety parameters

Themeanweight-related dosage of calcitriol and phosphate
remained constant throughout the study (data not shown)
and did not differ statistically between groups (Table 1).
Alkaline phosphatase serum levels and TmP/GFR were
elevated compared with baseline during 1–6 years of GH
treatment, although this reached statistical significance for
alkaline phosphatase only (Table 3). Mean serum PTH
levels were significantly elevated after 3 years of GH treat-
ment compared with baseline, whereas no significant
changes in serum phosphate, calcium, eGFR, and blood
pressure values were noted in either group. However, blood
pressure values were above the 95th percentile in one pa-
tient of each group. Urinary calcium excretion was not
affected by GH and none of the patients showed hypercal-
ciuria before or after beginning GH treatment (Table 1).
Low-grade nephrocalcinosis (grades 1 and 2), which was
present at the time of enrolment in 4 and 5 patients in the
GH and control groups respectively, was resolved at the
end of the study in one patient from each group and
remained constant in the others. In general, GH was well
tolerated and no severe side effects were observed.

Discussion

Our randomized trial showed that GH treatment resulted in
a sustained increase in all linear body dimensions in severe-
ly short children with XLH, with no worsening of body
disproportion. However, adult height did not significantly
differ between GH-treated patients and controls in this T
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small patient cohort (p = 0.082). Nevertheless, increased sit-
ting height (+1.7 SDS, p < 0.05) and arm length (+1.2 SDS,
p = 0.055) may improve function of daily activities and/or
self-esteem in XLH patients, although this remains to be
proven.

Catch-up growth during GH treatment was most pronounced
during early years, which was followed by non-significant de-
creases in height z-scores during puberty, suggesting that the
benefit of GH treatment might be obtained mainly during the
prepubertal growth period. The GH-induced cumulative in-
creases in standardized height amounted to 1.1 SDS within
3 years, and 0.7 SDS until attainment of adult height, although
the latter failed to be significant (p = 0.167). Nevertheless, indi-
vidual patients with severe growth retardation showed a clear
benefit of the addition of GH treatment, and final height signif-
icantly exceeded predicted adult height at baseline by 1.82 SDS.
It is important to note that adult height exceeded predicted adult
height at baseline in controls by 1.24 SDS, underlining the im-
portance of initiating medical treatment with active vitamin D
and phosphate supplements as soon as possible [8–10].

The cumulative increase at adult height was comparable with
two previously reported non-controlled studies involving a total
of 9XLHpatients treatedwithGH for periods of 3.1 to 10.6 years
(median, 1.0 SDS; range, 0.3–1.3) [22, 23]. In addition, in one
study, adult height exceeded predicted adult height to a similar
extent (0.8 SDS) as in the present study [22]. However, as most
patients in the above-mentioned studies had already entered pu-
berty during the first or second year of GH treatment, and in view
of the small number of patients included in all studies, compar-
isons must be made cautiously.

Concern has been raised that GH treatment may induce the
early onset of puberty in XLH patients [23]. Therefore, it is
important to note that all patients experienced a normal onset
of puberty irrespective of GH treatment in the present study.
Similarly, adult height was reached at the expected ages in boys
and girls.

At the time of enrolment, XLH patients presented with con-
siderable body disproportion, with a preferential impairment in
leg length and preserved trunk length resulting in a markedly
elevated sitting height index (3.3 SDS). Similar findings on body
disproportion have been seen in XLH patients previously and, as
a rule of thumb, the shortest patients present with the highest
degree of body disproportion [7]. However, because our study
was initiated in 2001, our case series may not represent the av-
erage patient with XLHwho is nowadays diagnosed early in life.

Concern was previously raised that GH may preferentially
stimulate trunk growth, thereby worsening body disproportion
[18]. In our study, the GH-induced cumulative increase in stan-
dardized sitting height appeared somewhat higher than that of leg
length (1.7 vs 0.7 SDS, p = 0.225). However, sitting height index
as a measure of body disproportion, in addition to the bowing
index indicating the degree of leg deformities, remained stable
throughout the study period, irrespective of GH treatment, whichT
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confirms the results of our previous 3-year GH trial [21].
Moreover, in non-GH-treated patients, an increase in seating
height index was noted during puberty [7]. It is important to note
that 8 of the 11 patients underwent orthopedic surgery for cor-
rection of leg deformities at puberty between the 5th and 10th
years of the study. This is in line with the literature, where the
need for orthopedic surgery for leg deformities was reported in
up to 89%ofXLHpatients, although its need apparently dropped
in more recent years because of earlier diagnosis and more vig-
orous medical treatment [13, 34]. Interestingly, the mean stan-
dardized height at the first follow-up visit after leg surgery did not
significantly differ from the last measurement before surgery.
However, one has to bear in mind, that correction of leg defor-
mity by transient hemiepiphysiodesis takes considerable time
and that in pubertal XLH patients (age 12–15 years) a mean loss
of height of approximately 0.3 SDS can be expected within a
period of 6 months [7].

In GH-treated patients, a transient increase in PTH levels was
noted but not in controls. A tendency toward exacerbation of
secondary hyperparathyroidism in GH-treated XLH patients
was also noted in a previous study [18] and is thought to be
due to the phosphate-raising properties of GH [21]. This high-
lights the need for careful monitoring of PTH and adaptation of
vitamin D dosage in XLH patients treated with GH.

Standard treatment with active vitamin D and phosphate sup-
plementation is known to further stimulate FGF23 serum levels
and thereby promote renal phosphate-wasting in XLH patients
[14, 35]. A recent study in GH-deficient children showed that
GH treatment resulted in an up-regulation of the FGF23/Klotho
system, suggesting that the phosphate-raising properties of GH
aremediated by insulin-like growth factor-1 rather than by down-
regulation of the FGF23/Klotho system [36]. Therefore, it would
be interesting to know whether GH treatment also stimulated
circulating FGF23 in our patients. Unfortunately, determination
of FGF23was not available when our studywas initiated in 2001
and thus serum sampling was not performed.

Growth hormone was well tolerated and not associated with
hypercalciuria or nephrocalcinosis. Instead, ultrasound examina-
tion revealed resolution of nephrocalcinosis in several of our
patients with and without GH treatment and at a rate similar to
previous observations in non-GH-treated pediatric XLH patients
[37]. It is important to note that in one girl, who was not included
in this analysis, as GH was stopped before attainment of adult
height, progressive preexisting scoliosis was noted during GH
treatment, which substantially limited height benefit in this pa-
tient (+0.4 SDS). Growth hormone treatment was not associated
with an increased risk of scoliosis in children with idiopathic
short stature or Prader–Willi syndrome [38, 39]. By contrast,
worsening of preexisting scoliosis was suggested in a recent
study in 35 patients with Ullrich–Turner syndrome followed up
over 4 years on GH treatment [40]. Thus, GH-induced stimula-
tion of spine growth may also have worsened preexisting idio-
pathic scoliosis in the above-mentioned patient. However, no

other potentially GH-induced adverse events were noted in the
present study, and there was no negative impact from orthopedic
surgery in the careful follow-up of GH-treated patients.

Several limitations of this study must be noted: the total num-
ber of patients enrolled was low; several patients underwent sur-
gical correction of leg bowing during puberty; and 5 out of 16
patients were lost to follow-up during the study period of
16 years. This substantially limited statistical power and may
have biased the results of this study.

In conclusion, in this randomized- controlled trial, GH treat-
ment resulted in a sustained increase in all linear body dimen-
sions in severely short children with XLH, without a worsening
of body disproportion. However, GH treatment did not signifi-
cantly increase adult height compared with controls in this small
patient cohort. Further adequately powered studies are needed to
evaluate the effect of GH on adult height in XLH patients.
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