Iran Red Crescent Med J. 2017 February; 19(2):e15108. doi: 10.5812/ircmj.15108.

Published online 2016 February 29. Case Report

Familial Hypophosphatemic Rickets and Hypopituitarism: A Case
Report and Literature Review

Behnaz Khazai,' and Rahim Vakili®’

'Department of Pediatrics, Imam Reza Hospital, Mashhad University of Medical Sciences, Mashhad, IR Iran

‘Corresponding author: Rahim Vakili, Department of Pediatrics, Imam Reza Hospital, Mashhad University of Medical Sciences, P. O. Box: 91379-13316, Mashhad, IR Iran. Tel:
+98-5138593045, Fax: +98-5138591057, E-mail: Vakilir@mums.ac.ir

Received 2014 March 03; Revised 2014 September 04; Accepted 2015 March 04.

Abstract

Introduction: Coincided familial hypophosphatemic rickets (FHR) and Hypopituitarism is a rare condition. Growth hormone defi-
ciency (GHD) evaluation has been advocated for refractory FHR cases, considering the possible masking effect of FHR on the former.
Moreover, there has been controversial use of growth hormone as an adjunct therapy in FHR.

Case Presentation: A 19-month-old girl was presented with severe growth failure, refractory to 6 months of vitamin D therapy
for assumed nutritional rickets. Following detection of low serum phosphate, insulin-like growth factor-1 (IGF-1) and insulin-like
growth factor-binding protein 3 (IGFBP3), phosphaturia and positive FHR family history, she was diagnosed with concomitant FHR
and hypopituitarism.

Conclusions: This case highlights the fact that FHR and GHD may coexist, with possible masking effect of one on the other, thereby

misleading the approach, posing large impacts on therapy, which has historically been a difficult challenge in FHR patients.
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1. Introduction

Familial hypophosphatemic rickets (FHR), originally
called vitamin D resistant rickets, is the most common
heritable form of rickets, with an incidence of 1in 20000
births (1). It is a heterogeneously inherited disorder, with
the X-linked form being the most common. Genetic abnor-
malities underlying X-linked, autosomal recessive (types
1and 2) and autosomal dominant forms, seem to share a
common pathway, involving high fibroblast growth fac-
tor 23 (FGF23) serum levels. The FGF23 is a phosphatonin,
the over activity of which has been shown to be associated
with reduced renal and intestinal phosphate absorption
and decreased synthesis, and increased degradation of 1,25
dihydroxy vitamin D (2-4), for which FGF23 plays role as a
counter regulator (5-8). The FHR most commonly presents
in childhood, with characteristic clinical and radiologic
features of osteomalacia.

Hypopituitarism, with an incidence and prevalence of
four and 46 per 100000 per year (9), is the partial or com-
plete deficiency of single or multiple hormones of the pos-
terior or anterior pituitary gland. The etiology may be clas-
sified as pituitary diseases, hypothalamic diseases, trau-
matic brain injury or stroke. The vast number of genes,
whose coordinated temporal and spatial expression is es-
sential for proper structural development and function of
the hypothalamic-pituitary axis, could be subject to a vari-
ety of mutations, with resultant hormone deficiencies, to

different extents. Among the anterior pituitary hormones,
Growth Hormone Deficiency (GHD) is the most common
affliction, usually undiagnosed before 2 years of age, when
it manifests as short stature and decreased growth veloc-
ity. Idiopathic GHD is divided into 3 types, based on clinical
presentation and inheritance pattern.

2. Case Presentation

A 19-month-old girl was presented to the Imam Reza
hospital, Mashhad, Iran, in June 2013, with severe growth
failure, refractory to 6 months of vitamin D therapy for as-
sumed nutritional rickets. She was born through normal
vaginal delivery, without history of any problems during
pregnancy and labor. She had received phototherapy for
a total bilirubin of 13 on the second day of life and was dis-
charged with a total bilirubin of 9. Her birth weight, height
and head circumference were 2100 g, 48 cm and 33 cm, re-
spectively, which were in the 0.2, 5.2, 1.5 percentiles with
Z scores of -2.9, -1.6, -2.2 (Table 1), [measured by Seca infan-
tometer, (Seca, Hamburg, Germany)], respectively (Table 1).
Her vaccination was complete, according to the national
protocol. She belonged to a family tree with ubiquitous
consanguineous marriages and her parents were cousins
(Figure 1). She was the second child of the family, the first
being 8 years old with developmental delay manifested as
inability to catch on school and speech problems (inability
to make full sentences), without a specific diagnosis.
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Table 1. Z Score and Percentile for Weight, Height and Head Circumference at Birth and 18 Months

AtBirth ZScore at Birth Percentile at Birth 18 Months ZScore at 18 Months Percentile at 18 Months
Weight, g 2100 2.9 0.2 6700 5.7 01
Height,cm 48 16 52 66 -4.7 0.1
Head circumference, cm 33 2.2 1.5 46 -0.6 27.8
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Figure 1. Family Tree

Our patient did not have any problems until 6 months
of age, when gradually she was noticed to have growth de-
lay, on regular monthly neonatal checkups. She was re-
ferred to a secondary center when she was 1 year old. She
was diagnosed with nutritional rickets and vitamin D ther-
apy, with a dose of 300000 units, was instituted for her,
which did not turn out to be effective. Finally, she was re-
ferred to our clinic, when she was 18 months old. From
a neurodevelopmental viewpoint, she was still unable to
walk. According to the parents, she had no head lag at
4 months, was able to sit without support at 6 months,
and able to stand at 18 months. Although she could pro-
nounce DaDa, she was still unable to say any word. She had
no history of vomiting and diarrhea. Her weight, height
and head circumference were 6700 g, 66 cm and 46 cm, re-
spectively, which were in the 0.1, 0.1, 27.8 percentiles with Z
scores of -5.7, -4.7, -0.6 (Seca, Hamburg, Germany), respec-
tively (Table 1). On physical examination, she had an ap-
parent short stature for her age, which, together with her
facial features, including prominent forehead, depressed
midface and relatively small ratios, raised the suspicion of
growth hormone deficiency (GHD) (Figures 2 and 3). Her
tibia and fibula regions seemed a bit bowed and subtle
rosaries were apparent on her costochondral junctions,
she had normal genitalia.

Figure 2. A19-Month-Old Girl Patient

A

Figure 3. Depressed Midface

Two X-rays of the wrist region, when she was 12 months
old, reported severe and significant fraying of radial and
ulnar metaphyses, compatible with advanced rickets and
a bone age of 9 months (Figures 4 and 5). On laboratory
results, she was found to be hypophosphatemic and phos-
phaturic. Her cousin turned out to be under treatment
in our center for FHR (Figure 1), which raised the possibil-
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ity that this heritable disease could explain her refractori-
ness toward vitamin D therapy. Her other laboratory re-
sults showed normal blood gases, BUN and and Creatinine,
while her pituitary function results were compatible with
isolated GHD, with the other hypophyseal hormones being
within the normal ranges (Table 2).

oty

Figure 4. X-ray of the wrist region

A brain magnetic resonance imaging (MRI) was re-
quested to rule out anatomical lesions and tumors. The
sella turcica region was normal and symmetric, with mid-
line infundibulum position. Hypophyseal parenchyma
had normal signal, with evidence of neither micro- nor
macroadenoma. No midline anomaly was noticed.

Finally, with a diagnosis of both FHR and GHD, she was
put on a regimen constituted of 0.9 mg/day growth hor-
mone (GH), 0.5 mg/day calcitriol and 500 mg/day phos-
phate. She was puton aregular follow-up schedule for ther-
apeutic adjustment, according to her response to therapy.

3. Discussion

Familial Hypophosphatemic Rickets (FHR), classically
called vitamin D resistant rickets, due to its refractori-
ness to vitamin D therapy while clinically mimicking nu-
tritional rickets, is the most common heritable rickets. It
is often misdiagnosed as nutritional rickets, metaphyseal
dysplasia and physiologic bowing (2). Although the most
apparent abnormality is renal phosphate wasting, due to
reduced expression of sodium-phosphate cotransporters
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Figure 5. X-ray of the wrist region

(NaPi-lla and NaPi-llc, members of the type Il sodium-
phosphate symporter family) on the apical surface of prox-
imal renal tubule cells (10, 11), phosphate transport may
alsobeimpaired in other cells, particularly osteoblasts (12).

The most common form is X-linked, with an incidence
of 1in 20000 births (1). Inactivating mutations of PHEX,
DMP1, ENPP1and activating mutations of FGF23 gene are as-
sociated with X-linked, autosomal recessive type 1, autoso-
mal recessive type 2 and autosomal dominant hypophos-
phatemic rickets, respectively (13). The PHEX mutations
have been found in 87% of familial and 72% of sporadic
cases (14, 15). Over activity of FGF23 may be the primary
cause of FHR, as suggested by its increased level in XL-FHR,
through yet unknown mechanisms, although an increase
in its uncleaved full-length form, with PHEX mutation and
a common pathway through FGF receptor for PHEX and
DMP1 has been proposed (16-18). The FGF23 produced by
osteocytes and osteoblasts is one of the so-called phospha-
tonins including FGF7, DMP1, MEPE, sFRP-4 and Klotho (19),
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Table 2. Laboratory Results

Patients Value Reference Range
(Corrected for Age)
PH 7.38
PCO, 29.8
HCO; 18
T4 (total), micg/dL 6 5.9-17.2
TSH, miclU/mL 17 0.4-3.6
Cortisol, microg/dL 73 Mornings: 9.4 - 26;
Evenings: 1.8-12.6

ACTH, pg/mL 18 7.2-633
IGF1, ng/mL <5 49-171
GH, mlu/L 6.9 Up to 20
IGFBP-3, ng/mL 552 1481- 4481
BUN, mg/dL 9.46 5-18
Creatinine, mg/dL 0.83 0.5-1.2
Ca, mg/dl 8.4 8.4-10.4
Phosphorus, mg/dL 2.6 35-7
ALP,U[L 1715 180-1200
Urinary phosphate, 1530 400-1300

mg/24 h

Abbreviations:  ACTH, adrenocorticotrophic hormone; ALP, alkaline
phospathase; BUN, blood urea nitrogen; Ca, calcium; GH, growth hormone;
HCOs, bicarbonate; IGF-, insulin-like growth factor 1; IGFBP-3, insulin-like
growth factor-binding protein 3; PCO,, carbon dioxide arterial pressure; TSH,
thyroid-stimulating hormone; T4, thyroxin.

of which the evolutionarily relevance with PHEX, DMP],
MEPE and ASARM peptides has been a subject of study (20).
It reduces renal and intestinal phosphate absorption, de-
creases synthesis and increases catabolism of 1, 25 dihy-
droxy vitamin D (2-4), acting as a counter regulator of the
latter (5-8). In accordance with the role of FGF23, tumor-
induced Osteomalacia, a paraneoplastic syndrome with
similar hypophosphatemic features, is caused by its ec-
topic production (2) and its deficiency has been implicated
in hyperphosphatemic tumoral calcinosis (4, 21).

The FHR most commonly presents in childhood, with
bowing of the legs and osteomalacia, if left untreated.
With progressive bowing, antero-medial rotational torsion
of tibiae, short stature and rosaries may be found at costo-
chondral junction of the ribs. Metaphyseal changes of rick-
ets are usually evident on radiographs, including widen-
ing, cupping and fraying of metaphyses and coarsening of
the trabecular pattern. Growth retardation is common, al-
though it is not a constant finding, with variable presen-
tations (18). Biochemical findings are hypophosphatemia,
low to normal circulating 1, 25 (OH) , D levels, elevated

serum alkaline phosphatase activity in children (but not
to the degree observed in vitamin D deficient rickets) and
normal serum calcium and circulating 25-OH vitamin D.
Later life findings are dental abscesses, arthritis and calci-
fication of tendons and ligaments (enthesopathy) (2).

Treatment consists of long-term phosphate and cal-
citriol (2,12, 22). Despite ameliorating, this would not com-
pletely resolve the condition. The GH has been used as an
adjunct therapy, even though its efficacy and possible side
effects are controversial (2, 18, 23-25). It has also been pro-
posed that GH production should be evaluated in poorly
growing FHR patients, due to possible masking effect of
the latter on GH deficiency (26). Use of anti-FGF23 neutral-
izing antibodies has also been under consideration, as fu-
ture treatment potential (2, 13, 27).

Hypopituitarism refers to partial or complete defi-
ciency of single or multiple hormones of either posterior
oranterior hypophysis. The etiology may be classified as pi-
tuitary disorders [mass lesions, radiation, surgery, infiltra-
tive lesions, infarction (Sheehan’s syndrome), apoplexy, ab-
scess, and genetic], hypothalamic disorders (mass lesions,
infiltrative lesions, radiation, and infections), traumatic
brain injury and stroke. The only population based study
to date reports an incidence and prevalence of 4 and 46
per 100000 per year, respectively (9). The coordinated ex-
pression of a series of genes, in a specific temporal and
spatial pattern is essential for proper structural develop-
ment and function of the anterior pituitary gland. Muta-
tions here would affect one or several cell types, leading
to hormone deficiencies. Pituitary developmental factors
genes causing combined pituitary hormone deficiencies
include: Hesx1, Lhx3, Lhx4, Otx2, Pitx2, POU1F1, Prop-1, and
Six6 (28). An example of single cell type gene is GH1, lead-
ing to isolated GH deficiency (IGHD) type 2, the common
autosomal dominant form (29). Based on clinical presen-
tation and inheritance patterns, IGHD is divided into three
types.

Among anterior pituitary hormones, GHD is the most
common which usually does not manifest until after 2
years of age, with short stature and decreased growth ve-
locity. Newborns with hypopituitarism may present in
first days of life with hypoglycemia, hypothermia, conju-
gated hyperbilirubinemia, electrolyte abnormalities, and
boys with GHD or gonadotropin deficiency may present
with micropenis. Midline defects should raise the sus-
picion for hypopituitarism, including holoprosencephaly,
cleftlip/palate or radiologic evidence of absent corpus cal-
losum or septum pellucidum (29). Older children present
with either short stature or decreased growth velocity. Se-
vere GHD may cause characteristic facial features, includ-
ing prominent forehead, depressed midface and delayed
dentition (28-30). In one study, GHD patients showed sig-
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nificantly smaller linear values for all facial structures,
while dental maturity and eruption were delayed for 1.2
and 13 vy, respectively (31). The GH therapy has been
shown to improve facial growth in these patients (32, 33).
In older children and adults there would be abnormali-
ties of protein, fat and carbohydrate metabolisms, which
may manifest as central obesity, decreased lean mass and
low mineral density, abnormal lipid profiles, premature
atherosclerosis, decreased quality of life, and increased
mortality. Recently, case reports and several clinical stud-
ies suggest that GHD state in adults is associated with an
increased prevalence of nonalcoholic fatty liver disease
(NAFLD) and subsequently, non-alcoholic steatohepatitis
(NASH) or liver cirrhosis (34).

Auxology and clinical judgment constitute the basis of
diagnosis, due to the lack of a true gold standard. Provoca-
tive testing (e.g. ITT) is poorly reproducible, depending on
factors such as body composition and pubertal status and
is limited by significant variability among commercially
available GH assays. The IGF1 and IGFBP3 levels are useful
in combination with other measurements (35). Children
with congenital and near complete GHD present with se-
vere growth failure, delayed bone age, and very low serum
levels of GH, IGF1 and IGFBP3 whereas milder growth fail-
ure and decrease in IGF1 and IGFBP3 could be seen in other
causes of growth failure such as poor nutrition. Brain MRI
is recommended for suspected GHD and when GHD diag-
nosis is made clinically and biochemically. It could help
determining the etiology, showing possible morphologi-
cal abnormalities and predicting GHD permanency (36).
Regardless of the initial presentation, follow-up should be
continuous considering the risk of developing additional
hormone deficiencies (29). Up to 67% of children with id-
iopathic GHD showed normal test results following cessa-
tion of therapy as adults (12) and retesting them is advised
(37,38).

We reported on a 19 month old girl who presented
to our clinic with severe growth failure refractory to 6
months of vitamin D therapy for assumed nutritional rick-
ets. After a thorough history and laboratory evaluation,
she was found to have low serum phosphate levels and a
cousin with FHR who had been under treatment in our
center. Considering her prominent refractory growth fail-
ure and suspicious facial features she was assessed for IGF1
and IGFBP3 levels which turned out to be significantly de-
creased. Finally, she was diagnosed with both FHR and
GHD which is a rare coincidence. To our knowledge, there
has been reported only one report of GHD and hypophos-
phatemic rickets, in a case with oculocerebrorenal Syn-
drome of Lowe, together (39). Unfortunately, we were un-
able to perform a genetic analysis for this patient and her
family tree. Besides the controversial efficacy and safety of

Iran Red Crescent Med J. 2017; 19(2):e15108.

GH therapy in FHR patients (2,23-25), it has also been previ-
ously pointed out that GH production should be evaluated
in poorly growing FHR patients due to FHR’s masking effect
on GHD (26). This highlights the fact that these two condi-
tions may coexist in one patient, posing large impacts on
the treatment approach, which has been a difficult chal-
lenge in FHR patients.
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