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Abstract Familial hypomagnesemia with hypercalciuria
and nephrocalcinosis (FHHNC) is a rare autosomal re-
cessive tubular disorder that is frequently associated with
progressive renal failure. The primary defect is related to
impaired tubular reabsorption of magnesium (Mg) and
calcium (Ca) in the thick ascending limb of Henle’s loop.
We have studied seven Arab patients with this syndrome
who belong to four different families. The mean age at
first presentation was 1.5+1.3 years (range 0.1-3 years)
and at diagnosis 5.9+4.3 years (range 0.5-12 years). The
presenting features were convulsions and carpopedal
spasms (5 patients), polydipsia and polyuria (2 patients),
rickets (2 patients), and recurrent urinary tract infections
(1 patient). Bilateral nephrocalcinosis was observed in
all patients. All patients had hypomagnesemia with a
mean serum Mg of 0.45+0.09 mmol/l, an inappropriately
high urine Mg of 2.07+0.73 mmol/24 h or fractional
excretion of 15.3+7.1%, high urine Ca excretion of
4.1£1.2 mmol/24 h or urine Ca to creatinine ratio of
2.6+1.6, and normal serum potassium level of
4.4+0.34 mmol/l. All patients received Mg supplements
and thiazide but exhibited slow worsening of their kid-
ney function. After a mean follow-up of 4.4+3.9 years,
one patient progressed to end-stage renal failure (ESRF).
In conclusion, we report seven Arab patients with
FHHNC syndrome. The clinical and biochemical data
were similar to previous reports. However, they tend to
show a slower rate of progression to ESRF.
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Introduction

Familial hypomagnesemia with hypercalciuria and neph-
rocalcinosis (FHHNC) is a rare autosomal recessive syn-
drome that is characterized by severe renal magnesium
and calcium loss [1]. Manz et al. [2] reported the first
case in 1978, and this was followed by a few additional
reports from different parts of the world [1, 3, 4, 5, 6, 7].
It is frequently associated with progressive renal failure,
although with variable progression rates [1, 3, 7, 8]. Pra-
ga et al. [1] reported that 75% of his eight patients re-
quired hemodialysis within a decade of diagnosis, while
Weber et al. [8] reported that 36% of their cohort pro-
gressed to end-stage renal failure (ESRF) at a median
age of 14.5 years. Recently, mutations in paracellin-1
(PCLN-1), which encodes the renal tight junction protein
paracellin-1 (claudin-16), have been identified as the un-
derlying genetic defect [8].

Homozygous mutations of PCLN-1 result in a selective
defect in paracellular magnesium (Mg) and calcium (Ca)
reabsorption in the human thick ascending limb (TAL),
with intact sodium chloride reabsorption at this site [9].

FHHNC is different from Gitelman syndrome, which
is characterized by hypokalemia, hypomagnesemia, met-
abolic alkalosis, hypocalciuria, and moderate sodium
chloride wasting [10]. It is also different from the isolat-
ed familial hypomagnesemia that has an autosomal dom-
inant as well as an autosomal recessive mode of inherit-
ance [10]. The renal Mg threshold is lowered in both
forms, but the tubular maximum reabsorption is only re-
duced in the dominant form.

In this study we present the clinical and biochemical
data of seven Arab patients with FHHNC, belonging to
four unrelated families.

Materials and methods

Seven patients (4 females and 3 males) with the syndrome of hy-
pomagnesemia, with hypercalciuria and nephrocalcinosis were
identified in our department between 1996 and 2002. Their clini-
cal charts were reviewed for clinical presentation, age at first pre-



sentation, age at diagnosis, serum creatinine, Mg, Ca, phosphate,
sodium, potassium, chloride, bicarbonate, alkaline phosphatase
(ALP), and parathyroid hormone level, and urine Mg, Ca, and cre-
atinine. A complete physical examination, including an ophthal-
mological study, was performed in every case. Abdominal ultraso-
nography (US) was performed in all patients and reviewed for evi-
dence of nephrocalcinosis. Mean follow-up between presentation
and last visit was 4.4+3.9 years (range 0.5-14 years). Fractional
excretion of Mg was calculated when the data for serum Mg and
creatinine and urine Mg and creatinine were available at the same
time, using the following formula: Urinary Mgxserum creati-
ninex100/Serum MgXurinary creatinine. Glomerular filtration rate
(GFR) was calculated using the Schwartz formula or diethyenth-
ylene penta-acetic acid scan. Values were expressed as meanzstan-
dard deviation.

Results

The mean age at first presentation was 1.5+1.3 years
(range 0.1-3 years) (Table 1). However, the mean age at
diagnosis was 5.9+4.3 years (range 0.5-12 years). Three
patients presented with infantile seizures, while another
two patients had seizures later in life. Two patients pre-
sented with polyuria, polydipsia, metabolic acidosis,
and severe rickets (Table 1). None of the patients had
ocular abnormalities detected by an ophthalmologist.
Most of the patients had a mild degree of renal impair-
ment at diagnosis with a GFR of 62.8+16.4 ml/min per
1.73 m?2 (Table 2). All patients had a low serum Mg,
with a mean of 0.45+0.09 mmol/l (normal=0.7-0.95), an
inappropriately high urine Mg of 2.07+0.73 mmol/24 h
(normal <1 mmol/24 h) or fractional excretion of
15.3+7.1% (normal <5%), a high urine Ca excretion of
4.1+1.2 mmol/24 h (normal=1.25-3.8) or urine Ca/cre-

Table 1 Clinical characteristics
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atinine ratio of 2.6x1.6 (normal <0.7), and a normal se-
rum potassium level of 4.4+0.34 mmol/l. All patients
had medullary nephrocalcinosis. Two patients had their
urinary citrate measured and it was low at 50 mg/24 h
(normal >150). It was not measured in the other patients
because the test was not available in our laboratory. The
progression to chronic renal failure was variable.

Family A

Three siblings (2 girls and 1 boy) of seven children were
affected. The parents were first-degree cousins. The first
affected girl presented at 2 years of age with polyuria and
polydipsia. She had rickets and was failing to thrive. In-
vestigations showed Ca of 1.66 mmol/l (normal 2.1-2.6),
ALP of 897 U/l (normal <360), and normal phosphate.
Because of the presence of metabolic acidosis and neph-
rocalcinosis, she was diagnosed as a case of distal renal
tubular acidosis and was treated with sodium bicarbonate,
potassium chloride, and activated vitamin D (1-a drops).
However, over the following 18 months, the response to
treatment was not as expected. She was lost to follow-up
for the following 4 years and presented at 8 years of age
with a short stature (both weight and height were below
the 3rd percentile). There were no signs of rickets and her
Ca, phosphate, and ALP were normal. Despite a very low
serum Mg, she had a high urinary Mg and Ca. Urinary ci-
trate was low and she had a moderate renal impairment
(Table 2). A diagnosis of FHHNC syndrome was made
and she was commenced on Mg citrate and hydrochloro-
thiazide. Over the next 3 years, she was admitted twice

Family Sex Presentation ~ Age at Follow-up Polyuria/ Rickets Nephro- Ocular Tetany/
(patient) age (years) (years) (years) polydipsia calcinosis abnormalities convulsions
diagnosis
A (1) F 2 8 14 + + + - +
A(2) F 1.5 1.5 7 + + + - +
A(3) M 3 3 0.5 - - + - -
B (1) F 0.1 10 5 - - + - +
B (2) M 3 9 3 - - + - -
C (1) M 0.2 1 1 - - + - +
D (1) F 0.4 7 0.5 - - + - +
Table 2 Biochemical data at diagnosis (Mg magnesium, Ca calcium, PTH parathyroid hormone, NA not available)
Family Serum Creatinine Serum Mg  Urinary Mg Mg fractional  Urine Urinary Urinary PTH
(patient) creatinine  clearance (mmol/l) (mmol/24 h)  excretion Ca/creatinine  calcium citrate (mg/24 h)
(wmol/l) (ml/min (%) ratio (mmol/24h)  (mg/24 h)
per 1.73 m2)
A1) 104 42 0.45 3.15 5.71 50 169
AQ2) 44 68 0.45 1.08 2.8 50 11.16
A(3) 38 90.5 0.61 7.3 4.25
B (1) 87 65 0.44 2.18 1.34 3.92
B (2) 91 58 0.47 1.87 12 2.4 3.81
C() 44 NA 0.32 233 4.2
D (1) 45 53 0.39 18.6 0.88
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with carpopedal spasms. Her kidney function worsened
over the following years while her serum Mg normalized,;
Mg at 11 years of age was 0.91 mmol/l and her serum
creatinine was 225 mmol/l; this worsened over the next
3 years to 626 mmol/l (Fig. 1). Her GFR was 10 ml/min
per 1.73 m2. Her parents described her as non-complaint
with treatment.

The second affected girl presented with polyuria,
polydipsia, and rickets at the age of 18 months. She was
diagnosed as a case of FHHNC syndrome on the basis of
her laboratory tests (Table 2) and the presence of nephro-
calcinosis. She was admitted twice with carpopedal
spasms and found to have low serum Ca and low Mg.
She was treated with Mg citrate and hydrochlorothiazide,
with a mild worsening of her kidney function. Her GFR
at 9 years of age was 60 ml/min per 1.73 m? and her se-
rum creatinine was 52 umol/l (Fig. 1).

The third affected boy presented at the age of 3 years
with gastroenteritis and was found to have metabolic aci-
dosis and nephrocalcinosis. He was diagnosed as a case
of FHHNC syndrome as he had a low serum Mg and
high urinary Mg and Ca (Table 2). However, he had a
normal GFR of 90 ml/min per 1.73 m2.

Family B

Two siblings of ten children were affected. The parents
were second-degree cousins. The first affected girl pre-
sented as a newborn with recurrent convulsions. The par-
ents were told that she had a low Ca and calcified kidneys.
She was treated with oral calcium and activated vitamin
D. She presented to our clinic at the age of 10 years and
was diagnosed as a case of FHHNC, on the basis of her
laboratory results (Table 2) and the presence of nephrocal-
cinosis. She was commenced on Mg citrate and hydro-
chlorothiazide. Her kidney function worsened slowly, and
by 15 years of age her serum creatinine was 135 pwmol/l
and her GFR was 49 ml/min per 1.73 m?2 (Fig. 1).

years post diagnosis

Her brother presented at the age of 3 years with renal
calculi that were treated with shock wave lithotripsy but
recurred many times. He was referred to the nephrology
clinic at the age of 10 years and the diagnosis of FHHNC
was made (Table 2). He was treated with Mg citrate and
hydrochlorothiazide; however, he continued to have re-
current renal stones. Analysis of the stone showed that it
contained 40% calcium oxalate and 18% tri-calcium
phosphate. He had a recurrent urinary tract infection and
voiding cystourethrography revealed a grade V reflux
on the left side. His GFR was 50 ml/min per 1.73 m?
and his serum creatinine was 106 umol/l, 4 years later

(Fig. 1).

Family C

There was one affected sibling of two. The parents were
second-degree cousins and there was a history of two
miscarriages. The male patient presented with recurrent
convulsions during the Ist year of life. He was diagnosed
(Table 2) and treated with Mg citrate and hydrochlorothi-
azide. His GFR at 2 years of age was 73 ml/min per
1.73 m2. The unaffected sibling was screened and found
to have normal serum and urine Mg levels.

Family D

There was one affected sibling of seven. The parents were
first-degree cousins. The patient had recurrent seizures
secondary to hypomagnesemia and hypocalcemia from
the age of 4 months, which proved to be difficult to treat
with Ca supplements, vitamin D, and carbamazepine. She
was diagnosed at the age of 7 years as a case of FHHNC
syndrome on the basis of her laboratory tests (Table 2) and
the presence of nephrocalcinosis. She was treated with Mg
citrate with partial improvement of her seizures. She also
suffered from global developmental delay, microcephaly,



and dilated cardiomyopathy. She has two siblings who
were developmentally delayed and had frequent seizures.
However, they did not have hypomagnesemia, hypermag-
nesuria, hypercalciuria, or nephrocalcinosis.

Discussion

The clinical and biochemical characteristics of our pa-
tients are similar to previously reported cases (Tables 1
and 2). Renal lithiasis, convulsions, carpopedal spasm,
polydipsia, polyuria, rickets, and recurrent urinary tract in-
fections were the most common clinical findings. In addi-
tion, ocular abnormalities, chondrocalcinosis, and arterial
hypertension have been described in other previously re-
ported cases [1, 2, 3, 4, 5, 6]. Most of our patients (71%)
had convulsions or tetany, while this was rarely reported
previously [1, 2, 3. 4, 5, 7]. Furthermore, one patient in
family B had a neonatal convulsion, which is not typical
of this condition and could be explained by the concomi-
tant early hypomagnesemia. Ocular abnormalities, includ-
ing nystagmus, severe myopia, corneal calcifications, and
chorioretinitis, have been associated with FHHNC syn-
drome [1, 7]. However, none of our patients had ocular
abnormalities. Polyuria and polydipsia were the main
symptoms in most previous reports [1, 2, 3, 4, 5, 6, 7, 8],
but were present in only two of our patients (28.6%).

The cardinal biochemical findings of FHHNC syn-
drome are severe hypomagnesemia, hypermagnesuria,
and hypercalciuria. The normal fractional urinary excre-
tion of filtered magnesium is about 5%. In magnesium
deficiency in humans, the kidneys can normally reduce
the 24-h urinary Mg excretion to less than 1 mmol
(24 mg) via unknown mechanisms, and initially without
a concomitant fall in the plasma Mg concentration. Re-
nal Mg wasting may be defined as a urinary excretion
greater than 1 mmol/day in the presence of hypomagne-
semia (plasma magnesium <0.7 mmol/l) [11]. Our pa-
tients presented with serum Mg of 0.45+0.09 mmol/l and
high urinary Mg, while it would be expected that urinary
Mg would be lowered with this degree of hypomagnese-
mia in a person with adequate Mg handling.

Nephrocalcinosis, which is a fundamental finding in
this syndrome, was present in all of our patients. The ab-
sence of hypokalemia and metabolic alkalosis and the
presence of hypercalciuria excluded Gitelman syndrome
[9, 12, 13, 14, 15]. Citrate is a well-known inhibitor of
renal lithiasis. However, citrate administration does not
appear to have a beneficial influence by limiting the pro-
gression to renal insufficiency in FHHNC [1].

We did not study the effect of thiazide treatment on the
hypercalciuria. However, all patients had a slow progres-
sion to chronic renal failure, except the first patient in
family A who progressed to ESRF. She was not compliant
with treatment. This leads us to hypothesize that the treat-
ment could delay the progressive deterioration of kidney
function. This conclusion is different from that reached by
Praga et al. [1] who reported that neither chronic oral Mg
administration nor thiazide diuretics normalized serum
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Mg levels or urinary Ca excretion, or delayed the need for
renal replacement therapy. Similarly, Weber et al. [8] and
Kuwertz-Broking et al. [3] reported that treatments
seemed to have no effect on the progression of the disease.
Others [4, 5] reported some delay in the long-term deterio-
ration of renal function and avoidance of rickets by early
administration of hydrochlorothiazide. Recently, Stoll and
Listman [16] reported nephrolithiasis in a neonate with
transient renal wasting of Ca and Mg. After 8§ weeks of
treatment with Mg and Ca supplementation plus potassi-
um citrate, the hypomagnesemia and hypocalcemia nor-
malized spontaneously, as did the urinary Ca, Mg, and ci-
trate excretion. Interestingly, a year later there was no evi-
dence of nephrocalcinosis on abdominal US.

The biggest reported series is that of Weber et al. [8].
They reported the clinical data and results of PCLN-1
mutation analysis of 25 FHHNC families with 33 affect-
ed individuals. PCLN-I mutations were found in all of
their patients except three mutant alleles (94%). The
gene PCLN-1, the claudin 16 gene (3q27), codes for a re-
nal tight junction protein that is involved in the paracel-
lular transport of Mg and Ca in the TAL of Henle’s loop,
the distal tubule, and the collecting duct [13, 14]. Homo-
zygous mutations of PCLN-/ result in a selective defect
in paracellular Mg and Ca reabsorption in the TAL, with
intact sodium chloride reabsorption at this site [9].

Praga et al. [1] showed normal tubular Mg and Ca
handling in five transplanted patients with FHHNC,
which supports a defect in the Mg and Ca absorption by
renal tubules of the native kidneys. We did not investi-
gate unaffected relatives for hypercalciuria. However,
this was reported in up to 42% in previous studies [1].

The relatively slow progression to ESRF in our pa-
tients compared with previous studies from Europe [1, 3,
8] could be explained by different ethnic backgrounds, as
all of our patients were Arabs. Kuwertz-Broking et al. [3]
reported two siblings of consanguineous Tunisian parents
with FHHNC. After a 32-month follow-up period one
commenced hemodialysis at the age of 5 years, whereas
his sister showed no decline in renal function. This com-
pares with 75% requiring hemodialysis after 4.3+3.8 years
in the case series of Praga et al. [1] from Spain.

The developmental delay in the affected patient of
family D can probably be attributed to another metabolic
or neurological associated condition, as two of her sib-
lings were developmentally delayed without having
FHHNC syndrome.

We conclude that the clinical and biochemical presen-
tation of FHHNC syndrome in Arab patients is similar to
other nations. However, the progression to ESRF seems
slower.
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