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ABSTRACT

The hypophosphatemic conditions that interfere in bone mineralization
comprise many hereditary or acquired diseases, all of them sharing the
same pathophysiologic mechanism: reduction in the phosphate reab-
sorption by the renal tubuli. This process leads to chronic hyperphospha-
turia and hypophosphatemia, associated with inappropriately normal or
low levels of calcitriol, causing osteomalacia or rickets in children and
osteomalacia in adults. X-linked hypophosphatemic rickets, autosomal-
dominant hypophosphatemic rickets, and tumor-induced osteomalacia
are the main syndromes involved in the hypophosphatemic rickets.
Although these conditions exhibit different etiologies, there is a common
link among them: increased activity of a phosphaturic factor, being the
fibroblast growth factor 23 (FGF-23) the most studied one and to which is
attributed a central role in the pathophysiology of the hyperphosphaturic
disturbances. Activating mutations of FGF-23 and inactivating mutations
in the PHEX gene (a gene on the X chromosome that codes for a Zn-met-
aloendopeptidase proteolytic enzyme which regulates the phosphate)
involved in the regulation of FGF-23 have been identified and have been
implicated in the pathogenesis of these disturbances. Genetic studies
tend to show that the phosphorus homeostasis depends on a complex
osteo-renal metabolic axis, whose mechanisms of interaction have been
poorly understood so far. This paper reviews the current knowledge status
concerning the pathophysiology of phosphate metabolism regulation
and the pathophysiologic basis of hypophosphatemic rickets. It also ana-
lyzes the clinical picture and the therapeutic aspects of these conditions
as well. (Arq Bras Endocrinol Metab 2006;50/4:802-813)
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RESUMO

Raquitismo Hipofosfatêmico e Osteomalácia.
Os distúrbios hipofosfatêmicos que comprometem a mineralização
óssea englobam várias doenças, hereditárias e adquiridas, as quais
compartilham um mesmo mecanismo fisiopatológico: a diminuição da
reabsorção de fosfato nos túbulos renais. Este processo promove hiper-
fosfatúria e hipofosfatemia crônicas, associadas a níveis inapropriada-
mente normais ou baixos de 1,25 (OH)2D3, com conseqüente desordem
do metabolismo ósteo-mineral, resultando em raquitismo e osteomalá-
cia na faixa etária pediátrica e em osteomalácia nos adultos. O
raquitismo hipofosfatêmico ligado ao X, o raquitismo hipofosfatêmico
autossômico dominante e a osteomalácia induzida por tumor são as
principais síndromes que constituem os raquitismos hipofosfatêmicos.
Apesar de estas doenças apresentarem etiopatogenias distintas, as
evidências bioquímico-moleculares indicam uma base fisiopatológica
em comum: maior atividade de um agente fosfatúrico, sendo o fator de
crescimento do fibroblasto 23 (FGF-23) o mais estudado e ao qual é
atribuído um papel central na fisiopatologia destes distúrbios. Várias
mutações ativadoras do gene do FGF-23 e mutações inativadoras do
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gene localizado no cromossomo X que codifica uma
enzima proteolítica Zn-metaloendopeptidase regu-
ladora do fosfato (PHEX), implicada na regulação
do FGF-23, já foram identificadas, e sua partici-
pação reconhecida na gênese destes distúrbios. Os
dados dos estudos genéticos nesta área convergem
para a hipótese de que a homeostase do fósforo
estaria vinculada a um complexo eixo metabólico
ósteo-renal, cujos mecanismos de interação entre
seus vários componentes têm sido aos poucos eluci-
dados. Este artigo revisa o atual estado de conheci-
mento dos mecanismos fisiológicos envolvidos na
regulação do metabolismo do fosfato, das bases
fisiopatológicas dos raquitismos hipofosfatêmicos e
analisa aspectos clínicos e de tratamento disponíveis
para estas condições. (Arq Bras Endocrinol Metab
2006;50/4:802-813)

Descritores: Raquitismo hipofosfatêmico; Osteomalá-
cia; FGF-23; Gene PHEX; Metabolismo do fosfato

THE BONE TISSUE IS A HIGHLY dynamic structure
throughout life. It has well known metabolic and

mechanical functions, which are essential for the body
homeostasis. Bone-mineral metabolism is coordinated
by an intricate physiological network and reflects a con-
tinuous interaction between genetics and environment,
with ontogenetic particularities in each development
stage. During fetal life, childhood and adolescence bone-
mineral metabolism moves toward bone formation and
modeling, promoting skeleton growth through changes
in bone dimensions, geometry and density. Meanwhile,
bone-remodeling process occurs continuously through-
out life and consists in substitution of old bone by new
one. This renewal process is elementary to maintain the
bone resistance and quality and for the integrity of the
body physiology as well, since bone is an ion reservoir tis-
sue, mainly for calcium and phosphorus, critical elements
for the systemic electrolytic equilibrium.

Bone-mineral homeostasis is complex and some
of its pathways have not been completely elucidated
yet. The parathyroid hormone (PTH)-calcitonin-
1,25(OH)2Vitamin D3 (calcitriol) axis plays a funda-
mental role in this bone-mineral metabolism, but it
could not respond alone for the whole dynamics of
this equilibrium (1). The ascertainment of other
involved regulatory biochemical-molecular mecha-
nisms has been possible after studies of phosphate-
wasting bone diseases, such as hypophosphatemic rick-
ets (2). Cumulated data from in vitro and in vivo
researches, with human and animal models, converge
toward the hypothesis of a bone-renal axis controlling
this homeostasis (1,3).

Rickets are metabolic bone diseases, character-
ized by impaired mineralization of the osteoid matrix
during growth, affecting epiphyseal growth plate and
compromising both cortical and trabecular bone.
Osteomalacia, at the other hand, refers to a deficient
mineralization of the osteoid matrix in modeling and
remodeling sites (4), injuring the corticoendosteal tis-
sue. In pediatric ages, rickets and osteomalacia may
happen simultaneously, but after growth plate closure
only osteomalacia may occur. Rickets and osteomala-
cia can result from vitamin D deficiency (nutritional or
metabolic disturbances), calcium and/or phosphorus
deficiency and primary bone mineralization defects
(hereditary hypophosphatasia) (5).

Rickets and osteomalacia secondary to vitamin
D deficiency and/or low calcium intake in the XXI
century has been a delicate theme. Recently, local and
regional studies have recorded higher than expected
vitamin D deficiency prevalence, mainly in high lati-
tude regions, due to insufficient ultraviolet light expo-
sure, but also in other countries, like France and Unit-
ed States, affecting urban healthy adolescents (6-8).
This kind of rickets may also be related to specific sit-
uations, such as whole body covering dressing (due to
religious habits), people with dark pigmented skins
who live in temperate climate (due to melanin compe-
tition for ultraviolet rays), elderly people, vegetarians,
restrictive diets and exclusive breastfeeding for long
periods (9,10).

In developed countries, hypophosphatemic
rickets (HR) are the main cause of inherited rickets
(11). Initially, HR was seen as Vitamin D resistant
rickets, once the lack of response to therapy was
thought to be a Vitamin D resistant state. Since than,
many studies have been performed and they managed
to show that this disturb was consequence of a hyper-
phosphaturic disorder (12). Important advances in our
current understanding of the molecular and biochem-
ical bases of HR have been brought after the develop-
ment of new molecular techniques and improved
genomic databases (2).

HR comprises a set of disorders, inherited and
acquired, that shares a common pathophysiology:
diminished phosphate reabsorption in renal tubules
(3,13-15). This process, established by an impaired
phosphorus renal handling, leads to chronic hyper-
phosphaturia and hypophosphatemia, which are asso-
ciated to unsuitable normal or low levels of
1,25(OH)2VitaminD3. This phosphorus-wasting dis-
turbance affects bone metabolism, yielding rickets and
osteomalacia in pediatric patients and osteomalacia in
adults.



Hypophosphatemic Rickets & Osteomalacia
Menezes Filho, Castro & Damiani

804 Arq Bras Endocrinol Metab vol 50 nº 4 Agosto 2006

X-linked hypophosphatemic rickets (XHR),
autosomic dominant hypophosphatemic rickets
(ADHR) and tumor-induced osteomalacia (TIO) are
the main syndromes that integrate the hypophos-
phatemic rickets, being the XHR the most frequent
one (16,17).

Although these diseases have different etiopath-
ogenies, biochemical and molecular evidences point to
a common pathophysiological basis: increased activity
of a phosphaturic factor (2,13-15). There are some
other bone diseases associated with phosphaturic
imbalance, such as hereditary hypophosphatemic rick-
ets with hipercalcemia (HHRH) and McCune
Albright Syndrome (3).

PHOSPHORUS METABOLISM

Phosphorus plasma levels are kept within a narrow
range and they are under the influence of many factors,
such as age, sex, diet, plasma pH and hormones. The
appropriate phosphorus serum concentrations are
essential to bone mineralization. Beyond this, phospho-
rus regulation is mandatory to the integrity of some
biochemical process, like intracellular energy generation
and transference, signaling transduction, nucleotides
metabolism and some enzymatic activities (20).

Approximately 70% of plasma phosphorus is
present in an organic form and 30% in an inorganic
form. Just 15% of inorganic phosphorus is bound to
proteins, while 85% circulates as free phosphate ions or
in complex compounds with sodium, magnesium and
calcium. Inorganic orthophosphate is the circulating
compound used for measurement of phosphorus plas-
ma concentrations. One relevant point is that phos-
phatemia decreases progressively with age. Reference
ranges are different according to ages: before 3
months of age, normal values stay between 4.8 and 7.4
mg/dl; from 1 to 5 years, between 4.5 and 6.2 mg/dl;
from 6 to 12 years, between 3.6 and 5.8 mg/dl and in
young adults it ranges from 2.5 to 4.5 mg/dl (21).

Phosphorus metabolism is intricate. Phos-
phatemia levels result from the balance among phos-
phorus intestinal absorption, tubular reabsorption and
ion exchange between intracellular and bone pools.
While intestinal phosphorus absorption is adjusted
rather slowly for maintaining or regaining the mineral
homeostasis, renal phosphorus balance can be adjust-
ed quite fast.

The main organ responsible for phosphorus
homeostase is the kidney (2,3). In addition to the
well-known PTH-calcitriol axis, other components

participate actively on this regulation. Amongst the
most important contributing data to the knowledge of
phosphorus physiology, one can point out the elucida-
tion of part of the role of sodium-dependent phos-
phate co-transporter proteins (NaPiT-I, II and III)
and the fibroblast growth factor 23.

NaPiT co-transporter system is present in many
tissues. NaPiT-IIb is found mainly in the small bowel
(jejune), where it participates of the dietary phospho-
rus absorption process (22).

Renal proximal tubular reabsorption of phos-
phorus is a critical variable for the systemic phospho-
rus homeostasis. This process encompasses a secondary
active phosphorus transport mechanism, in which
sodium-phosphate (Na/Pi) co-transport systems play a
primordial role. Type I (NaPiT-I) and types IIa and
IIc (NaPiT-IIa e IIc) are expressed on the brush bor-
der membrane of proximal tubules, where 85% of the
filtered inorganic phosphorus (Pi) is reabsorbed, rest-
ing just a small amount to be reabsorbed in the Henle
loop and in distal tubules (23,24). In the proximal
tubule, a Na+/K+ ATPase displaces sodium outward
the cell. Due to a sodium concentration gradient and
NaPiT-II co-transporters, sodium returns to the cell,
bringing phosphorus together.

Type III co-transporters (NaPiT-III) are retro-
viral receptors expressed in many tissues, responsible
for less than 1% of the mRNA related to NaPiT co-
transporters and they probably act as house-keeping
transporters (24).

FGF-23, the largest member of the fibroblast
growth factor family (FGF), contains 251 amino acids
and it is encoded by a gene in 12p13 (34). It is syn-
thesized by osteogenic cells, osteoblasts and osteo-
cytes. This protein displays NaPiT-IIa and IIc inhibi-
tion activity and exerts a regulatory role in phospha-
turia (3,25), being postulated that it is a “phosphaturic
factor” also called phosphatonin. FGF-23 also inhibits
renal 25(OH)-1-α-hydroxylase activity, leading to a
decreased calcitriol synthesis (3). The exact role of this
factor in phosphorus homeostase is not completely
known yet. Its plasma levels are positively correlated to
dietary phosphorus and to phosphaturia and negative-
ly related to 1,25(OH)2 Vitamin D3 plasma levels.
Animal models show that 1,25(OH)2VitaminD3 and
phosphatemia regulate, independently, FGF-23 con-
centrations (27).

The phosphorus tubular reabsorption is also
stimulated by hormones and cytokines, such as PTH,
GH, IGF-1, insulin, epidermal growth factor, thyroid
hormones, glucocorticoids and 1,25(OH)2Vitamin D3
(2). Dietary phosphorus ingestion and its renal tubu-
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lar reabsorption intensity are inversely related. PTH,
calcitonin, natriuretic factor and glucocorticoids inhib-
it this reabsorption. PTH and FGF-23 act as phospha-
turic agents, reducing phosphorus reabsorption in the
proximal tubules, through NaPiT-II co-transporters
inhibition. Although PTH main function is related to
calcium homeostasis, it also takes part in phosphorus
metabolism. This hormone inhibits NaPiT-II expres-
sion, promoting internalization of this co-transporter
and its lisossomal degradation (28,29), reducing its
synthesis (30), thus down-regulating its expression on
the cell surface.

HYPOPHOSPHATEMIC RICKETS – 
PATHOPHYSIOLOGY

X-linked hypophosphatemic rickets (XHR), autosomic
dominant hypophosphatemic rickets (ADHR), tumor
induced osteomalacia (TIO), fibrous dysplasia and
McCune Albright Syndrome share a common under-
lying pathophysiological condition: increased phos-
phorus renal loss secondary to augmented FGF-23
plasma levels and activity.

In XHR, hyperphosphaturia derives from muta-
tions in the PHEX gene (Phosphate regulating gene
with homologies to Endopeptidases on the X-chro-
mossome) (1-3,13-16). This gene, whose locus is
Xp22.1, encodes a membrane endopeptidase (Zn-
metaloprotease), called Phex, mainly expressed in
bone and teeth. Recent data indicate that this enzyme
integrates the phosphate-handling processes, regulat-
ing FGF-23 synthesis and/or degradation.

Some studies have shown that Phex promotes
FGF-23 cleavage, originating two smaller and inactive
peptides (31). Physiologically, Phex-induced FGF-23
cleavage would regulate phosphorus reabsorption in
proximal tubules: an increase in Phex action would
increase the inactivation of FGF-23 and increase phos-
phorus reabsorption.

The mutations in PHEX gene associated to
XRH yield a decrease or absence of action of Phex,
thus increasing FGF-23 actions and inhibiting the
inactivation of NaPiT-II co-transporters, leading to
increased phosphorus tubular reabsorption (1-3,13-
16). Although Phex actions on FGF-23 would explain
the pathophysiology of XHR, some studies have
shown FGF-23 cleavage by convertases, not by Phex
endopeptidase (32). Other researches did not manage
to confirm that FGF-23 actually is the Phex direct sub-
strate (33), suggesting that this metaloendopeptidase
might act through another regulatory mechanism on

FGF-23. Some authors point out the likelihood of
being intermediate pathways between Phex and FGF-
23, which would promote FGF-23 inactivation and
that Phex would trigger chain reactions as well, in
order to modulate osteoblast FGF-23 expression (33).

Then, it is postulated that in XHR PHEX gene
mutations inhibit FGF-23 inactivation and/or pro-
mote increase of its plasma levels, yielding to hyper-
phosphaturia (2,3,34-36). In addition to that, FGF-23
increased action inhibits 1a-hydroxylase, the responsi-
ble enzyme for 25(OH)VitaminD (calcidiol) conver-
sion to its active form, 1,25(OH)2VitaminD (calcitri-
ol). Through this mechanism, the rise of calcitriol in
the plasma is avoided, contributing to enhance
hypophosphatemia (2). This way, rickets related to
FGF-23 increased activity do not evolve with calcitriol
higher levels, although hypophosphatemia would be a
natural stimulus for that augmentation.

ADHR is less frequent genetic cause of
hypophosphatemic rickets secondary to hyperphos-
phaturia. It is caused by activating missense mutations
in FGF-23 gene, affecting one of the two arginines in
locus 176 or 179. Identified mutations are R179Q,
R176Q, R179W and they alter the natural sequence
that is recognized by proteases, making them resistant
to proteolysis (35,37). The outcome is an increased
plasma level of FGF-23. The mutant FGF-23 bears
higher biological potency than the wild type (38) in
decreasing the expression of co-transporters NaPiT-II
encoding genes and as inhibitor of 1α-hydroxylase
activity (2,39).

TIO is a paraneoplastic syndrome that leads to
an acquired hypophosphatemic hyperphosphaturic
type of rickets. It is related to mesenchymal or mixed
connective tissues tumors, generally benign, that occur
chiefly in head and neck, and less frequently in bones
and other tissues (40,41). The most common types are
the vascular neoplasms (hemangiopericytomas). Other
types include fibromas, condrosarcomas, hystiocy-
tomas, neuroblastomas and prostate carcinoma
(40,41).

These tumors overproduce FGF-23 and this
excessive amount cannot be adequately degraded by
Phex (35), taking into account the hypothesis that this
factor is the peptidase substract, or by another specific
proteolytic enzyme. This results in increased phospha-
turia and inhibition of 1α-hydroxylase (2,40).
Although FGF-23 levels are generally elevated, they
may be inside normal range in some cases (36,41).

Two other proteins have been found to be over-
expressed by this tumors and they also seem to be
related to bone mineralization disturbances: MEPE
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(matrix extracelular phosphoglicoprotein) e sFRP-4
(secreted Frizzled Related Protein). Initially, it was
thought that MEPE would suffer proteolysis by Phex.
Nevertheless, this hypothesis was not confirmed by in
vitro models. Some studies suggest that MEPE would
exert its role on mineralization through not elucidated
Phex-dependent mechanisms (3). The sFRP-4 protein
is a renal Wnt signaling extracellular antagonist, which
inhibits NaPiT-II co-transporter and promotes phos-
phaturia (42). Nevertheless, the mechanisms that
these proteins regulate phosphorus homeostasis have
not been elucidated yet.

The epidermal nevus syndrome and type 1 neu-
rofibromatosis may, rarely, be associated with
hypophosphatemic rickets and hyperphosphaturia due,
probably, to increased secretion of FGF-23 by cells
from nevus or neurofibromas (43,44). Although there
are some variants of TIO, the resection of the nevus
may not result in normalization of clinical and labora-
tory alterations (45).

The fibrous dysplasias, monostotic or polyostot-
ic, are caused by activating mutations of GNAS1 gene
that result in constitutive activating of adenyl cyclase by
mutant a subunit. The involvement of cells of the
osteogenic lineage affects the osteoprogenitor cells and
differentiated osteoblasts, resulting in marrow infiltra-
tion and fibrosis, reduction of hematopoietic tissue and
formation of abnormal bone tissue with altered trabec-
ulae, collagen orientation and biochemical composition
(46). The polyostotic fibrous dysplasia may occur alone
or associated to other signs and symptoms, as in
McCune-Albright syndrome which, beyond the bone
lesions, is characterized by large and hyperpigmented
lesions of skin, with irregular borders and a typical
brown coloration (“café-au-lait”) and hyperfunction of
peptide hormones that act through a coupled G recep-
tor (gonadotrophins, TSH, PTH, ACTH and
GHRH), where the gonadotrophin independent
precocious puberty is the most common hormone dys-
function. In fibrous dysplasia, and especially in polyos-
totic lesions (associated or not to McCune-Albright
syndrome), the excessive production of FGF-23 by
osteoprogenitor cells may result in hyperphosphaturia,
reduction of the activity of 1α-hydroxylase and
hypophosphatemic rickets or osteomalacia (26,47).

The hereditary hypophosphatemic rickets with
hypercalciuria (HHRH) is an autosomal recessive dis-
ease characterized by hypophosphatemia, hyperphos-
phaturia, normal PTH serum levels and increased plas-
ma levels of 1,25(OH)2 Vitamin D3, that is responsi-
ble for hypercalciuria (2,18). The increased plasma lev-
els of 1,25(OH)2VitaminD3 and the hypercalciuria

distinguish the HHRH from the other causes of
hypophosphatemic rickets. The most recent evidences
show that HHRH is associated to mutations that
affect the two alleles of gene SLC34A3, responsible for
NaPiT-II co-transporter activity, rendering the co-
transporter inactive (19). The heterozygotes for muta-
tion in SCL34A3 gene present hypercalciuria with
mild or absent hypophosphatemia (19).

Studies of the 3 main types of hypophos-
phatemic rickets (XHR, ADHR and TIO) suggest a
common pathophysiologic underlying mechanism:
hyperphosphaturia secondary to reduction of tubular
phosphate reabsorption. Researches on these diseases
indicate the existence of a metabolic bone-renal axis
capable to regulate the phosphorus homeostasis and
the bone mineralization. FGF-23 seems to have a cen-
tral role on this axis (2,3,34) through its phosphaturic
action and its autocrine action on osteoblasts, modu-
lating, thus, bone mineralization. Alterations in FGF-
23 metabolism, due to inhibition of its proteolytic
cleavage or to its increased resistance to proteolysis,
trigger disturbances in phosphorus homeostasis and in
bone-mineral metabolism.

Some authors suggest that the osteoblasts are
the candidate cells to assume the metabolic coordina-
tion of this bone-renal axis, once they synthesize pro-
teins that have important role in phosphorus home-
ostasis and in osteoid mineralization, including FGF-
23, Phex, MEPE, and express elements that regulate
bone mineralization, bone mass and renal phosphate
conservation (3).

CLASSIFICATION

The growing importance of FGF-23 controlling phos-
phorus homeostasis and phosphaturia has brought the
interest to propose the following classification for
hypophosphatemic rickets or osteomalacia.

Causes of hypophosphatemic rickets or osteo-
malacia with increased plasma FGF-23
• Increased plasma FGF-23 due to inadequate prote-
olysis:

- Impaired FGF-23 proteolysis caused by deficient
action of mutant Phex: XHR
- Inadequate proteolysis of FGF-23 due to prote-
olysis-resistant mutant FGF-23: ADHR

• Increased production of FGF-23:
- Increased production of FGF-23 by mesenchymal
tumors: TIO
- Increased production of FGF-23 by osteoproge-



Hypophosphatemic Rickets & Osteomalacia
Menezes Filho, Castro & Damiani

807Arq Bras Endocrinol Metab vol 50 nº 4 Agosto 2006

nitor cells and osteoblasts: fibrous dysplasia,
McCune-Albright syndrome
- Increased production of FGF-23 by other causes:
epidermal nevus syndrome, type 1 neurofibro-
matosis

Causes of hypophosphatemic rickets or osteo-
malacia with normal or decreased plasma
FGF-23:
• HHRH
• Fanconi’s renal syndrome

CLINICAL PICTURE

In infants and children the main clinical manifestations
of hypophosphatemic rickets are similar to those
observed in nutritional rickets, except for some partic-
ularities that will be discussed. The most characteristic
findings include: growth retardation, deformities in
upper and lower limbs (genu varum or genu valgum)
generally noted when the infant begins to creep or to

walk, metaphyseal widening, palpable enlargement of
the costochondral junctions (rachitic rosary), frontal
prominence, horizontal depression along the lower
border of the chest (Harrison’s groove), insufficient
weight gain. The thickness of central parts of parietal
and frontal bones may alter the shape of the head.
Recurrent fractures, although not common, may wors-
en bone deformities. Figures 1 and 2 show some of
these characteristics, in 2 patients with hypophos-
phatemic rickets followed at the Pediatric Endocrinol-
ogy Unit of Instituto da Criança (HCFMUSP).

X-linked hypophosphatemic rickets
The XHR is the main cause of rickets in developed
countries, with an incidence of 1 case in each 20,000
persons. The disease affects the hemizygous boys and
heterozygous girls. There is no correlation between
the severity of the disease and the type or localization
of PHEX gene mutations (48). The severity of the dis-
ease is variable even among affected individuals from
the same family. The mild forms may present just with
hypophosphatemia in the absence of bone lesions

Figure 1. Child with hypophosphatemic rickets, presenting multiple bone deformities and recur-
rent fractures.

Figure 2. Girl with type 1 neurofibromatosis and hypophosphatemic rickets.
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(17). Birth length is normal, but a reduced growth
velocity in the first years of life is responsible for short
stature during the childhood. The lower limbs are
more severely affected than the upper limbs. Final
height compromising is due to the reduced growth
before the diagnosis (49). Differently from vitamin D
dependent rickets or from other causes of hypophos-
phatemic rickets (ADHR, TIO and HHRH), in XHR
muscle weakness and hypotonia are absent (50). XHR
is also characterized by dental damages due to dentin
under-mineralization and tendency to teeth fall and
dental abscesses (51). These dental alterations are
more severe in adolescents and in male adults (48).

Other complications observed in adults with X-
linked osteomalacia include enthesopathy (ossification
of tendon, ligament and articular capsule), pseudo-
fractures, articular pain, osteoarthritis (mainly affecting
lower limbs) and neurosensorial hypoacusia (52).

Autosomal dominant hypophosphatemic 
rickets
Differently from other hereditary causes of hypophos-
phatemic rickets, in ADHR the age of manifestation is
quite variable and the disease may appear only in ado-
lescence or during adulthood (53). When manifested
after the puberty, the most common characteristics of
ADHR are bone pain, pseudo-fractures and muscle
weakness (2,53). The absence of short stature and
lower limb deformities in some of these patients sug-
gest a not so intense hypophosphatemia during infan-
cy and childhood (53). Dental abscesses may occur. A
recent study describes the variability in clinical mani-
festations in one family, including asymptomatic
adults, others with bone pain in the sixth decade of life
and children with symptoms since the first years of life
(54). Another interesting aspect of this rickets is the
likelihood of spontaneous decreasing in hyperphos-
phaturia (53). It has not yet been clarified how and
why the genetic defects manifest only after the first
years of life and the mechanisms implicated in sponta-
neous resolution of hyperphosphaturia.

Tumors-induced osteomalacia
TIO is a rare paraneoplasic syndrome where the clinical-
radiological signs are similar to those observed in other
causes of rickets and osteomalacia (40). However, bone
pain and fractures are usually more severe than in XHR
and muscle weakness is frequent (40). It is interesting to
note that the bone mineral disturbances are the most
important manifestations of these tumors. Although
TIO may affect children, generally it occurs in older
ages compared to XHR. The tumors associated to TIO

are, generally, very small, rather benign than invasive
and hardly diagnosed by routine physical examination
or radiographs. The paranasal sinuses, neck and
mandible are common sites of these tumors and they
must be accessed by computed tomography or nuclear
magnetic resonance imaging (40).

Hereditary hypophosphatemic rickets with
hypercalciuria
In patients with HHRH the classical signs of rickets
are accompanied by muscle weakness and bone pain,
but dental alterations are not present (2).

DIAGNOSIS

The diagnosis of hypophosphatemic rickets is based in
the clinical picture and laboratory and radiograph
alterations.

Laboratory findings
XHR, ADHR and TIO are all characterized by hypo-
phosphatemia, hyperphosphaturia, increased plasma
level of alkaline phosphatase, normocalcemia and nor-
mal or reduced calciuria. It is important to remember
that phosphate plasma levels vary according to age (21).

Phosphaturia may be evaluated through phos-
phorus tubular reabsorption (PTR):

Pu and Pp, Cr.u and Cr.p mean urine and plasma
phosphorus concentration and urine and plasma crea-
tinin concentration, respectively (all variables must be
expressed in the same unit).

Hyperphosphaturia is characterized by PTR val-
ues inferior to 85%, concomitant to hypophos-
phatemia (50).

Alkaline phosphatase plasma evaluation is
important for rickets diagnosis and as a parameter for
disease control and therapy efficacy as well. Adequate-
ly treated patients evolve with a progressive reduction
in plasma alkaline phosphatase.

In XHR, ADHR, TIO and in other causes of
hypophosphatemic rickets due to increased activity of
FGF-23, plasma calcitriol is inappropriately normal or
reduced, secondary to inhibition of 1α-hydroxylase
(2,34,40,50). These levels of calcitriol justify the nor-
mal or upper normal PTH plasma levels found in these
hypophosphatemic rickets (5,50).

The diagnosis of XHR in the first months of life
is difficult, even when there are familial cases. Usually,
infants with familial antecedents for XHR can be diag-

PTR= (1 – phosphorus excretion fraction) x 100 = 1 –
Pu x Cr.p x 100

Pp x Cr.u
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nosed from the 6th month of life, based on increased
alkaline phosphatase and reduced renal phosphate
reabsorption (55).

Biochemically, HHHR differs from XHR,
ADHR, and TIO in hypercalciuria, elevated calcitriol
concentration and low serum PTH (2). This aspect
gains importance in terms of therapy.

Imaging studies
In XHR, the radiologic alterations are seen in tibia, distal
femur, radio and ulna, and reflect loss of definition,
widening, and calyx image in the provisional calcification
zone in the growth plate (17) (figure 3). These findings
are less severe than those seen in the vitamin D-deficient
rickets and the signs are more intense in lower limbs (50).

Once TIO is suspected, a careful imaging study
has to be done, through cranial CT and MRI of facial
sinuses and mandible. To localize the tumor on bone,
pentreotide or 111I octreotide scintigraphy is manda-
tory (40).

When bone fibrous dysplasia is suspected, 99Tc
cintigraphy is useful.

During investigation of rickets occurring in
older children and adolescents, especially in the
absence of familial history, it is very important to con-
sider other differential diagnoses leading to hyophos-
phatemic hyperphosphaturic rickets, such as ADHR,
TIO, bone fibrous dysplasia, and renal Fanconi syn-
drome. Certain clinical features help in differentiating
these conditions.

Fanconi syndrome differs from XHR because
the former is characterized by tubular renal acidosis,
with metabolic acidosis and renal tubular dysfunction,

leading to decreased phosphate reabsorption,
increased bicarbonate renal wasting, glucosuria, and
aminoaciduria (56).

FGF-23 dosage
So far, plasma dosage of FGF-23 has had scientific
purposes, characterizing diseases that cause hypophos-
phatemic rickets and hyperphosphaturia. However, it
is possible that, in the future, this dosage becomes one
more lab resource to diagnose and follow-up such dis-
eases. Lab assays that detect only the whole FGF-23
molecule seem to be more trustable than the methods
that evaluate the terminal carboxi end (57).

TREATMENT

Clinical treatment of hypophosphatemic rickets aims
at minimizing the metabolic disturbances, reducing
bone deformities and improving growth velocity,
although the hyperphosphaturia persists, once the
treatment does not alter the impaired tubular phos-
phate reabsorption.

In patients with TIO, the basic management is
surgical removal of the tumor, which allows correction
of the excess of phosphaturic factor and final cure of
the condition. However, not all patients show good
clinical response to therapy and these results reflect
not only the patient compliance, but also the age at
the beginning of therapy (49).

The treatment of children and adolescents
with XHR includes phosphate administration (neu-
tral salts of inorganic sodium and potassium phos-

Figure 3. Wrists/hands and knee radiographs of a child with hypophosphatemic rickets, before treatment. Metaphyseal
widening in wrists and knees and signs of bone rarefaction.
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phate) and calcitriol. Elementary phosphorus is given
at a dose of 30–60 mg/kg/day, divided in 4–6 frac-
tions (5). Start with 30 mg/kg/day increasing grad-
ually according to the biochemical profile of the
patient. It is important not to administer phosphate
with milk ingestion, since the calcium contained in
these dairy products interferes with phosphate
intestinal absorption.

Phosphorus absorption is slower in capsule or
tablet presentation when compared to liquid formula-
tions. When possible, it is better to use capsules or pills
(58). Transient side effects can follow phosphate
ingestion, such as abdominal pain and osmotic diar-
rhea (58). Calcitriol is used in the dose of 30–70
ng/kg/day (5,58), qd or bid. The treatment of XHR
has to be kept till the end of statural growth (58).

With adequate treatment, the serum levels of
alkaline phosphatase (AlP) decrease, reaching normal
or slightly elevated levels. The dose of phosphorus has
to be increased if the AlP levels increase (49). The fall
in AlP is more intense when treatment is started in the
first months of life, compared to treatments started
after two years of age. In these patients, AlP may never
normalize (49).

In patients with XHR, it is recommended with-
drawing the medication one week before orthopedic
surgeries, aiming at avoiding hypercalcemia caused by
bone reabsorption due to prolonged immobilization.
The therapy should be restarted as soon as the patient
gains conditions to walk (50).

Early treatment of XHR can minimize growth
impairment, limb deformities, and teeth anomalies
(49,51,60). However, the growth deficit accumulated
in the first years of life is usually permanent, especially
when treatment has begun at a later age. As XHR chil-
dren are born with a normal length and have a normal
growth spurt, it is believed that the final short stature
is, at least in part, due to loss of height in the first pre-
treatment years (40).

Many studies have evaluated the role of recom-
binant human growth hormone (rhGH) in the treat-
ment of children with XHR. The results have varied in
terms of reestablishment of phosphorus homeostasis
and the achievement of a better growth performance
(62-65). In two studies improvement in growth was
noticed but with increased disproportion between
upper and lower segments, predominating the trunk
growth (66,67). Systematic review on the use of rhGH
in patients with XHR does not show conclusive evi-
dence in favor of rhGH changing the statural growth,
mineral metabolism, mineral density nor body propor-
tions (68).

The treatment of ADHR and other causes of
hypophosphatemic rickets with hyperphosphaturia,
due to increased action of FGF-23 must follow the
same principles mentioned in the treatment of XHR.

In cases of TIO, the excision of the tumor to cor-
rect the biochemical alterations is the key procedure
(40,69) since it suppresses the source of systemic phos-
phaturic factors. The serum levels of phosphate and cal-
citriol as well as the tubular phosphate reabsorption
become normal in hours or days, while the bone remod-
eling markers (calcitonin and alkaline phosphatase) and
skeletal deformities take more time to be corrected (40).

With regard to HHRH, its treatment implies
only elementary phosphorus administration, with
reversal of the biochemical and bone alterations. Cal-
citriol is not indicated, due to hypercalciuria and to the
high calcitriol levels characteristic of the disease.

COMPLICATIONS

The main complications of XHR are related to the
treatment itself, since it is not easy to find a balance
between phosphate and calcitriol doses that are able to
solve the clinical picture without yielding hyper-
parathyroidism or hypercalciuria. Among them, we
include secondary and tertiary hyperparathyroidism
and nephrocalcinosis.

Doses of phosphate above 50 mg/kg/day can
induce PTH stimulation and give rise to secondary
hyperparathyroidism with reduction of calcemia
through the direct action of phosphate over the PTH
secretion (59,70). The persistency of hyperparathy-
roidism for long periods of time can lead to
autonomous function of parathyroid, characterizing
the tertiary hyperparathyroidism, which, although
rare, is severe, leading to intense bone resorption,
nephrocalcinosis, and renal insufficiency. Tertiary
hyperparathyroidism can lead to hypercalcemia, while
in the secondary form, calcium levels are normal or
decreased (70). In the treatment of XHR the follow-
ing factors favor the progression to tertiary hyper-
parathyroidism: early start of treatment, longer dura-
tion of treatment, high doses of elementary phospho-
rus (100 mg/kg/day), and very high PTH plasma lev-
els (around 400 pg/mL) (70).

XHR patients under treatment can present
interstitial nephrocalcinosis, due to deposition of calci-
um phosphate in the renal pyramids, which must be
followed-up with ultra-sound exams. Nephrocalcinosis
is not directly related to worsening of renal function
(58). These patients can also present vascular distur-
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bances, especially systemic hypertension, not related to
nephrocalcinosis but to the secondary or tertiary
hyperparathyroidism (71).

In children and adolescents with XHR mineral
bone density can be reduced in the appendicular skele-
ton and increased in the lumbar spine (72). This pat-
tern tends to be kept in the adult age and does not
predispose to osteoporotic fractures (73).

MONITORING THE TREATMENT

It has been recommended that XHR patients under
treatment be evaluated every three months (5). Lab
work-up has to be made monthly at the beginning and
every three months later on, and includes serum
dosage of calcium, phosphorus, creatinine, alkaline
phosphatase as well as urinary dosage of calcium and
creatinine in 24h-urine sample. Serum PTH has to be
evaluated every six months, and kidney ultra-sound
every 6 to 12 months (17).

The calcitriol dose must be adjusted according
to the serum levels of PTH and the urinary calcium
concentration. PTH above the upper normal limit
implies increase in the calcitriol dose and/or decrease
of phosphate dose. The main effect of excessive dose
of calcitriol is hypercalciuria, defined as urinary excre-
tion of calcium above 4 mg/kg/day or calcium/crea-
tinine ratio above 0.7 in the first year of life or above
0.3 after the first year (59). If hypercalciuria is present,
reduce the calcitriol dose.

Concerning the other causes of hypophos-
phatemic rickets, we should follow the same principles
outlined before, based on the etiopathogenic charac-
teristics of each syndrome.

CONCLUSION

The complex interaction among the components of
the metabolic axis implied in the phosphorus home-
ostasis and bone mineralization has been better under-
stood in the last years.

This knowledge is due, partially, to a better
understanding of pathophysiology of hypophos-
phatemic disturbances and its implications in the
bone-mineral metabolism. However, many steps of
this process and the mechanisms of communication
among the actors in this delicate system have not yet
been clarified.

Accumulated evidence both in in vivo as in vitro
studies, in animal and human models have pointed to
the theory of a bone-renal axis which promotes and
regulates homeostasis between phosphorus and bone
tissue mineralization. The physiology of the osteoblast
allows us to infer that this cell has the basic equipment
to coordinate such a process. All these data are strate-
gic and precious information to open up novel per-
spectives for new, more efficient and with less side
effects therapeutic options to treat the various forms of
hypophosphatemic rickets.
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