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□ CASE REPORT □

Severe Hypophosphatemic Osteomalacia with Fanconi
Syndrome, Renal Tubular Acidosis, Vitamin D Deficiency

and Primary Biliary Cirrhosis

Hironori Bando 1, Naoko Hashimoto 1, Yushi Hirota 1, Kazuhiko Sakaguchi 1, Itoko Hisa 1,
Yoshifumi Inoue 1, Yasuo Imanishi 2, Susumu Seino 1 and Hiroshi Kaji 1

Abstract

A 49-year-old woman was admitted to our hospital for back pain with marked thoracic and extremity de-
formities leading to bed-rest for three years. She was diagnosed with hypophosphatemic osteomalacia based
on her symptoms, X-ray and bone scintigram, high serum alkaline phosphatase level, and low serum levels of
both phosphorus and 1,25 dihydroxyvitamin D3 with inhibition of phosphorus reabsorption. Fanconi syn-
drome with renal tubular acidosis, vitamin D deficiency and primary biliary cirrhosis were related to the
pathogenesis of osteomalacia in this case. Several causal diseases may be concomitantly responsible for ac-
celeration of the severity of osteomalacia in this patient.
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Introduction

Osteomalacia is derived from various diseases, and since
its pathology and diagnosis are not familiar to most clini-
cians, some patients are not treated until the disease is ad-
vanced and the quality of life of patients is markedly af-
fected.
The cause of osteomalacia is generally classified into ab-

normal vitamin D metabolism, mineralization defects, and
phosphate deficiency (1). Vitamin D insufficiency is a fre-
quent clinical condition in the elderly, and its deficiency
leads to muscle weakness and falling, especially in osteo-
malacia (1, 2). Deficient intake or absorption of vitamin D,
defective 25- or 1α-hydroxylation, loss of vitamin D bind-
ing protein and defective target organ response to 1,25-
dihydroxyvitamin D are related to abnormal vitamin D me-
tabolism (1). Chronic renal failure, hypophosphatasia, fluo-
ride, aluminum, and bisphosphonates lead to mineralization
defects (3), and phosphate deficiency is caused by decreased
intake and impaired renal reabsorption in vitamin D-resistant

osteomalacia, hereditary hypophosphatemic osteomalacia,
Fanconi syndrome, renal tubular acidosis (RTA) and tumor-
induced osteomalacia (TIO) (4).
We present a severe case of hypophosphatemic osteomala-
cia with Fanconi syndrome, RTA, vitamin D deficiency, and
primary biliary cirrhosis (PBC).

Case Report

A 49-year-old woman patient was admitted to our hospi-
tal. No other family members had osteomalacia or bone
metabolic diseases. She had developed back pain at age 45.
At age 46, her back pain worsened. She suffered from in-
somnia and became depressed at 47, and was admitted to
another hospital for assessment. At that time, she was diag-
nosed with RTA and osteoporosis, and was administered 0.5
μg alfacalcidol and 2 g sodium bicarbonate daily; however,
the treatment was discontinued spontaneously. Thereafter,
her symptoms worsened, and she could not go outdoors. Af-
ter three years, she could not stand or walk, and she could
sit for only thirty minutes because of pain. A psychiatrist di-
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Table 1. Baseline Laboratory Data 1

WBC 5700/µL
RBC 304 104/µL
Hb 10.2 g/dL
Ht 31.1 %
Plt 14.3 104/µL
PT >100 %
TP 6.7 g/dL
Alb 4.0 g/dL
T-bil 0.6 mg/dL
ALT 12 IU/L
AST 14 IU/L

  γ-GTP 14 IU/L
LDH 134 IU/L
ALP 3241 IU/L
ALP-1 2.1 %
ALP-2 25.9 % 
ALP-3 72.0 %
ChE 118 IU/L

BUN 18 mg/dL
Cr 0.93 mg/dL
Na 137 mEq/L
K 3.6 mEq/L
Cl 112 mEq/L
Ca 7.9 mg/dL
P 1.5 mg/dL
Mg 2.9 mg/dL
PG 137 mg/dL
HbA1c 4.4 % 
Ig G 987 mg/dL
Ig A 107 mg/dL
Ig M 742 mg/dL
ANA negative
anti-SSA negative
anti-SSB negative
Anti-M2 18.3 index
procollagen III peptide 1.7 IU/mL
hyaluronic acid 115.0 ng/mL

Table 2. Baseline Laboratory Data 2

Endocrinological Examination:
intact-PTH 196 pg/mL
whole-PTH 96.0 pg/mL
1, 25-dihydroxyvitamin D 7 pg/mL
25-hydroxyvitamin D 6.8 ng/mL
bone-type ALP 693 IU/L
osteocalcin 21 ng/mL
u-DPD 39.3 nmol/mmol.Cr
u-NTX 350.6 nM BCE/mM.Cr
intact-FGF23 < 50 pg/mL

Urinary examination: 
 0.8 Hp

urinary gradient 1.010
glucose 4+
N-acetyl glutaminase 14.0 U/L

  β2-microglobulin 118247 µg/L
generalized aminoaciduriapositive
U-Ca/U-Cr 0.570
TmPO4/GFR 1.4 mg/dL
eGFR 50.8 mL/min./1.73m2

Arterial blood gas (room air): 
pH 7.312
PaCO2 38.7 mmHg 
PaO2 82.9 mmHg
HCO3

- 19.3 mEq/L
Base Excess –6.1 mEq/L
Anion gap 6.5.

agnosed that she had no psychological disorders, such as de-
pression. She had used a large amount of pentazocine (45
mg/day) for her pain. She was admitted to our hospital for
further examination and treatment in April 2008. The patient
had not been taking any drugs or metals that might have
caused RTA, Fanconi syndrome or osteomalacia.
Body height, weight, and body mass index were 150 cm,

28.2 kg and 12.8 kg/m2, respectively. On physical examina-
tion, marked bone deformities were observed in the extremi-
ties and thorax. Funnel chest and X-shaped deformity of the
lower extremities were observed. In both foot joints, joint
contraction was observed. No neurological abnormality was
detected. Laboratory data are shown in Tables 1, 2 (abnor-
mal data underlined). Serum levels of 1,25-dihydroxy vita-
min D and 25-hidroxy vitamin D were measured using a ra-
dioreceptor assay kit and competitive protein binding assay,

respectively. FGF-23 level was measured by ELISA that rec-
ognizes only full-length biologically active FGF23.
Chest and foot X-ray examinations revealed deformity of
the thorax and extremities with pseudo-fractures of the foot
bones (Figs. 1, 2). Bone scintigram showed accumulations
in multiple joints and ribs, which were compatible with the
scintigram of osteomalacia (Fig. 3). Moreover, multiple bone
deformities of the total body were observed on bone scinti-
gram. In BMD measurement by dual-energy x-ray bone ab-
sorptiometry (Hologic Discovery A), bone mineral densities
at the lumbar spine (L2-4), whole body, and distal radius
were 0.365 g/cm2 (T score -5.8 SD: 36 -%, Z score -4.0 SD:
38 -%), 0.713 g/cm2 (T score -7.8 SD: 65- %, Z score -4.0
SD: 71- %), 0.314 g/cm2 (T score -5.1 SD: 71 -%, Z score
-4.0 SD: 76- %), respectively. [The T score is the number of
standard deviations (SD) or percent by which a given mea-
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Figure 1. X-ray examination of the chest. Marked deformity and funnel chest are observed. Left: 
panel: anterior-posterior view, Right panel: right-left view

Figure 2. X-ray examination of the foot. Arrows show 
pseudo-fractures. Deformities of foot joints are observed.

Figure 3. Bone scintigram. Increased uptake of radioactiv
ity was observed in affected bones, especially at multiple 
joints and ribs.

surement differs from the mean for a normal young adult
reference population. The Z score is the number of SD or
percent by which a given measurement differs from the
mean for a sex-, age-, and race-matched reference popula-
tion.] Severe osteopenia was observed, especially at the lum-
bar spine. Dilatation of the portal vein and splenomegaly
were observed on abdominal ultrasonography, and dilatation
of the intrahepatic portal vein was observed by abdominal
computed tomography (CT) (Fig. 4). These findings are
compatible with PBC. There were no tumors on CT of the
chest, abdomen, extremities, and head, or on whole body
magnetic resonance imaging (MRI), fluorodeoxyglucose
positive emission tomography (FDG-PET) scan and gas-
troendoscopy.
The patient was diagnosed with hypophosphatemic osteo-
malacia from the clinical course, symptoms, low serum lev-
els of calcium, phosphorus, 1,25 dihydroxyvitamin D3 and
high bone-type ALP (BAP) levels, X-ray findings, and bone
scintigram. Bone biopsy was not performed. Moreover, bio-
chemical data of blood and urine indicated that she had Fan-

coni syndrome with RTA. A high level of type 2 isoenzyme
ALP, high serum immunoglobulin M levels, positive anti-
mitochondrial M2 antibody, and the findings on ultra-
sonography and CT indicated PBC. Moreover, low serum
25-hydroxyvitamin D levels and high serum PTH levels in-
dicated vitamin D deficiency. Liver biopsy was not per-
formed because of her poor general condition. TIO was
ruled out by total body survey and the normal level of blood
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Figure 4. Abdominal CT. Dilatation of intrahepatic portal 
vein was observed (arrow). 

Figure 5. Time-dependent changes of biochemical data.

0

100

200

300

400

500

600

700

800

Apr.08 May.08 Jun.08 Jul.08 Aug.08 Sep.08 Oct.08

0

1

2

3

4

5

6

7

8

9

10

BAP
Ca
P

B
A

P
(IU

/L
)

S
e r

um
C

a,
P

(m
g/

dL
)

2008/4 5 6 7 8 9 10

Calcitriol(4 g/day)+Potassium Phosphate(2g/day)+NaHCO3( 2g/day)

bone-type ALP

FGF23, although we could not completely rule out the pos-
sibility that factors other than FGF23 might be responsible
for the pathogenesis of TIO.
Administration of 4 μg/day calcitriol, neutral potassium

phosphate (2 g/day) and sodium bicarbonate (2 g/day) was
started to treat osteomalacia. Ursodeoxycholeic acid was ad-
ministered to treat PBC. Time-dependent changes of bio-
chemical data are shown in Fig. 5. Serum level of BAP
started to decline 6 months after the start of treatment. The
use of analgesics was markedly decreased, and only back
pain continued after 2 months. Urinary calcium excretion
was always higher on 3 measurements with or without vita-
min D treatment (data not shown). We speculate that this
finding is presumably due to the disturbance of renal reab-
sorption of calcium by Fanconi syndrome. Serum HCO3-

level, serum arterial pH, and base excess were 25.1 mEq/L,
7.329, and -1.2 mEq/L, respectively 6 months after the start
of treatment. BMD at the lumbar spine was elevated to 158-

% of the basal value at that time. Treatment is currently be-
ing continued in the outpatient clinic.

Discussion

Fanconi syndrome is a disorder of the renal proximal tu-
bules. The principle characteristics include unselected de-
creased renal tubular reabsorption of phosphorus, glucose
and amino acids. Osteomalacia is accelerated by inadequate
renal reabsorption of calcium, phosphorus and decreased up-
take of active vitamin D as well as a decrease in 1α-
hydroxylation of vitamin D (3). This case was diagnosed as
Fanconi syndrome because of unselected aminoaciduria and
impaired renal handling of calcium, phosphorus, uric acid
and glucose. The cause of Fanconi syndrome in this case
was not confirmed, and no drugs seemed to be related to the
clinical course, suggesting that this patient had idiopathic
Fanconi syndrome. Osteomalacia associated with acquired
Fanconi syndrome appears to respond well to calcium, phos-
phate and vitamin D replacement therapy independent of the
underlying cause of the disease (3).
This patient had been diagnosed with RTA three years
previously because of acidemia with a normal anion gap,
hypophosphatemia, and disorder of the renal proximal tu-
bule. Solubility of hydroxyapatite and calcium phosphate is
dependent on the local acid microenvironment and blood
pH. Renal tubular acidosis continued for at least three years
in this patient, suggesting that acidemia chronically affected
mineralization and the response to activated vitamin D in
bone, which might cause and aggravate osteomalacia in this
patient in the long term. Moreover, it is possible that this
patient had distal-type RTA as well as proximal type, be-
cause urine pH was more than 7.5, suggesting that hydrogen
excretion was enhanced. Milford and Meggan suggested that
osteomalacia occurs in some adult patients with only distal
RTA, such as Sjogren syndrome, presumably due to resis-
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tance to activated vitamin D action by acidemia and de-
creased calcium reabsorption as well as the accelerated re-
lease of calcium and phosphorus ions as an acidosis buffer
(5). In this case, osteomalacia was considered to be acceler-
ated by a disorder of calcium and phosphorus reabsorption
in the proximal renal tubule by Fanconi syndrome, resulting
in more severe symptoms due to osteomalacia, compared to
that by only RTA.
Vitamin D deficiency is the most frequent cause of osteo-

malacia (2). This patient had vitamin D deficiency, as the
serum concentration of 25-hydroxyvitamin D, the most reli-
able indicator of vitamin D deficiency, was low. Vitamin D
deficiency in this patient was considered to be caused by a
decrease in ultraviolet exposure to sunlight because of long-
term bed-rest, lack of vitamin D intake from food and
malabsorption of vitamin D due to PBC. Thus, vitamin D
deficiency might play a significant role in the progression of
osteomalacia; however, it was not the sole pathogenesis of
osteomalacia in this case, as the severity was too great, and
large amounts of activated vitamin D3 must be supplied for
treatment without hypercalcemia.
PBC is characterized by portal inflammation and immune-

mediated destruction of the intrahepatic bile ducts. The loss
of bile ducts leads to decreased bile secretion and the reten-
tion of toxic substances within the liver, resulting in further
hepatic damage, fibrosis, cirrhosis, and, eventually, liver fail-
ure (6). Although numerous patients with PBC suffer from
osteoporosis or osteodystrophy, osteomalcia is not frequently
observed in patients with PBC (7). Osteomalacia with PBC
is typically associated with vitamin D deficiency, calcium
and phosphorus malabsorption in the intestine with or with-
out concomitant fat malabsorption, and a putative decrease
in 25 hydroxylation of vitamin D (8). In the present patient,
PBC was mild, and did not seem to be the main cause of
osteomalacia; however, PBC might have accelerated the se-
verity of osteomalacia in this patient because of the con-
comitant Fanconi syndrome, RTA and vitamin D deficiency.
TIO was included in the important differential diagnosis

in this case because of the severity and progressive clinical
course of osteomalacia. TIO is a paraneoplastic syndrome.
The main feature of the disease is the disorder of phospho-
rus reabsorption in the proximal renal tubule and the defi-
ciency of 1α-hydroxylase activation of vitamin D (9). FGF
23 is included in the most important causal factors produced
by tumors in TIO (9, 10). TIO is typically caused by benign
mesenchymal tumors (11). In this patient, TIO was consid-
ered one of the causes of osteomalacia because of the sever-
ity and progressive clinical course of the symptoms; how-
ever, we could not detect the tumor with a full examination,
including total body MRI and FDG-PET, although octreo-
tide scintigram and venous sampling of FGF23 were not ex-
amined because of other causal diseases and the absence of
increased serum concentration of FGF23. A recent study in-
dicated that FGF23 measurement is useful for the differen-
tial diagnosis of hypophosphatemic diseases caused by ex-
cess action of FGF23 and other etiologies, and the cut-off
value of the intact FGF23 assay was more than 30 pg/mL
for hypophosphatemic diseases with increased FGF23 levels,
such as TIO and X-linked hypophosphatemic osteomalacia
(12). Moreover, FGF23 levels are rather low in patients with
vitamin D deficiency, Fanconi syndrome and Cushing syn-
drome from an ectopic adrenocorticotropin-producing tumor
(12). Taken together, TIO does not seem to be part of the
pathogenesis in the present case, and FGF23 measurement
may be a very useful tool for the differential diagnosis of
vitamin D-resistant osteomalacia and severe osteomalacia.
In the present case, osteomalacia led to severe pain, mul-
tiple fractures, extremity deformity, and difficulty in ordi-
nary daily living that resulted in long-term bed-rest with
joint contraction of the extremities. Osteomalacia is consid-
ered to be due to concomitant Fanconi syndrome, RTA, vita-
min D deficiency, and PBC. No previous reports have pre-
sented a case of very severe osteomalacia with more than
three concomitant causal diseases, including Fanconi syn-
drome, RTA, vitamin D deficiency, and PBC.
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